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Foreward 

The studies represented in this report indicate that an 

environmentally damaged estuary can improve rapidly when 

wastewbter discharges are reduced. The effort expended to abate 

pollution appears worthwhile, and the additional pollution 

abatement ef£orts recommended in the report are necessary £or 

continued recovery 0£ the system. 

The Escambia Bay Recovery Study was initiated as a result of 

concern over the degraded condition o1 Escambia Bay. The success 

0£ the Study was due to the cooperation o1 conservation and 

sportsmens groups, academic institutions, industries, government 

agencies, and concerned citizens. The studies indicated that 

enyironmental protection is not an impossible goal. 
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1 - INTRODUCTION 

GENERAL 

The Escambia Bay Recovery Study (EBRS) was established when 
public concern over the degradation of the waters of Escambia 
Bay, Florida - exemplified by massive fish kills, abrupt declines 
in commercial and sports fisheries, and waters closed to body 
contact sports - was translated into action by Federal and State 
governments. ERBS consisted of a multidisciplinary team of 
Federal scientists, located at the U.S. Environmental Protection 
Agency (USEPA), Gulf Breeze Environmental Research Laboratory, 
Gulf Breeze, Florida, who were under the direction of the USEPA, 
Region IV, surveillance and Analysis Division, Athens, Georgia. 
A steering committee made up of groups concerned with problems in 
Escambia Bay assisted (Appendix 1-1). 

The major goal of the study was to determine methods of 
accelerating the recovery of Escambia Bay over and above reducing 
waste discharges into the bay. The specific objectives of the 
Escambia Bay Recovery Study were to: 

• Document conditions in the Pensacola Bay system under 
various environmental situations, 

• Determine the significant mechanisms causing de~radation 
to the ecosystem of Escambia Bay, 

• Determine the feasibility of restoration schemes such as 
diverting a portion of the Escambia River into northeast 
Escambia Bay, removing sediments from Escambia Bay, 
revegetating the bay, and altering portions of the 
sediments. 

BACKGROUND 

Gener~l 

Within the past 25 years aquatic conditions in the Esca~bia 
River have changed from healthy to stressed, and have 
subsequently improved. Before major industrial plants located in 
the area, the lower Escambia River exhabited a healthy aquatic 
condition, free from the effects of pollution (Academy of Natural 
Sciences of Philadelphia, 1953). By 1962, after the 
establishment of major industrial waste discharges, fish kills 
and Sphaerotilus growths near the Florida State line were related 
to industrial waste discharges (Wastler and Kittrell, 1962). 
Between 1960 and 1968, stressed aquatic conditions, as indicated 
by declining fisheries and altered macroinvertebrate communities 
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in the Escambia River, continued to exist (Schneider, 1964, 
Florida State Board of Health, 1963, 1966, 1968; Blanchard, 
1968). Signs of improvement were noted in 1972 when the water 
quality of the Escambia River was found comparable to unpolluted 
northwest Florida streams (USEPA, 1972). 

stressed aquatic conditions in Escambia Bay have been of 
considerable concern during the .past few years. In 1958, 
bioassays indicated industrial waste discharges in northeast 
Escambia Bay adversely affected aquatic organisms (Florida State 
Board of Health, 1958). Hopkins (1969, 1973) concl~ded the 
assimilative and exchange capacities of Escambia Bay have been 
exceeded, causing excessive phytoplankton or3anisms and diurnal 
depletion of dissolved oxygen which have led to fish kills. Weak 
circulation in the bay and waste discharges were found to have 
contributed to stressed aquatic conditions by USDI (1970); USEP~ 
(1971d); and Florida State Board of Health (1969). High 
concentrations of PCB were found in bay oysters during ~pril 1969 
(Duke et al., 1970; Nimmo et al. 1971a, 1971b) and, consequently, 
stresses due to toxic materials also contribute to problems in 
the bay. A systems model of Escambia Bay developed by Schomer 
(1975), which required many assumptions, indicated that man-
induced inputs to the system are likely to remain for a long 
time. 

Weak circulation occurs throughout the entire Pensacola Bay 
system due to low tidal energy (Ellis, 1969). Strong vertical 
stratification was found to contribute to weak circulation and 
low dissolved oxygen concentrations in bottom waters of the 
Pensacola Bay system during a study by Gallagher (1971). ~quatic 
conditions in most of Pensacola Bay were acceptable, but degraded 
conditions were found near the Pensacola waterfront (Florida 
State Board of Health, 1969, and Baseline Incorporated, 1973). ~ 
study of near-shore waters of the Gulf of Mexico, including 
limited work in the Pensacola Bay system, indicated better 
flushing in Pensacola Bay than in other components of the bay 
system (Escarosa I, 1973). 

The most massive fish kills have occurred in Mulatto Bayou 
and Bayou Texar. In Mulatto Bayou, low dissolved oxygen and 
possible algal toxicity, resulting from disturbances such as 
dredging and filling and artifically enriched watersu were 
considered major factors in the fish kills (USDI, 1969; USDI, 
1970, and Livingston et al., 1972). Bayou Texar receives silt, 
overflow from sewage lift stations, and runoff from fertilized 
lawns and is rapidly becoming a shallow system unfit for 
recreational and aesthetic purposes (Moshiri et al., 1972; and 
Hannah et al., 1973). 

Federal Involvement 

The historical responsibility of the Federal Government in 
dealing with environmental problems in Escambia Bay. led to the 
establishment of EBRS within USEPA. Federa·l involvement first 
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occurred in 1962 when the Conference on Interstate Pollution of 
.the Conecuh-Escambia River was convened by the U.S. Public Health 
service (USPHS, presently USEPA) at the request of the State of 
Florida (USPHS, 1962). The major conc~usion of the conference 
was that the pollution of interstate waters, as subject to 
abatement under the Federal Water Pollution Control Act, was not 
occurring in t.he Conecuh-Escambia River system at the time of the 
conference. Solutions to the problems were indicated to be the 
responsibility of official State water pollution control 
agencies, and assistance from the USPHS was offered. 

The Federal Water Pollution Control Administration (FwPCA 
presently USEPA) was again involved with Escambia Bay when in 
August 1969 the Southeast Region's technical assistance ~as 
requested in evaluating interstate and intrastate pollution from 
waste sources entering the Conecuh-Escambia River downstream from 
Brewton, Alabama, and Escambia Bay near Pensacola, Florida. An 
investigation of waste sources in Florida and Alabama, and a 
detailed study of the receiving waters, were conducted during the 
period of September 23 25, 1969 and October 22 - 30, 1969. 
Based on the results of these studies, a conference in the matter 
of pollution of the interstate waters of the Escambia River Basin 
(Alabama - Florida) and the intrastate portions of the Escambia 
Basin within the State of Florida, was convened under the 
provisions of Section 10 of the Federal Water Pollution Control 
Act, as amended (33 use 466 et seq). Three sessions of the 
conference were held in January 1970 (USDI, 1970a), February 1971 
(USEPA, 1971c), and January 1972 (USEPA, 1972e) • The 
recommendations of the conference are presented in AppendiK 1-2. 
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2 - SUMMARY. 

The major goal of this study was to determine methods ·of 
accelerating the recovery of Escambia Bay over and above reducing 
waste di~charges into the• bay. To ac·complish this, studies 1t1ere 
p~rform~d-in the entire.Pensacola Bay system. The study period 
was October 1972 through September 1974. 

:~EA DESCRIPTION 

Escambia Bay is part of the Pensacola Bay system which also 
includes East, Blackwater, and Pensacola Bays (Figure 4-1). The 
total surface area of the bay system is 373 km2 (144 mi 2). The 
drainage area of the bay system consists of 17,550 km2 (6;778 
miZ) in Alabama and Florida. Major tributaries to the system are 
the Escambia, Blackwater, and Yellow Rivers. 

Seasonal variation of wind, air temperature, and 
precipi ta.ti on have a significant effect on the bay system. 
Prevailing winds during the study period were from the northeast 
with velocities between 8.4 and 17.6 km/hr (4.5 to 9.5 k). 
Annual precipitation was above normal during the first year of 
the study period and about normal during the second year of the 
study period. Mean monthly temperatures were slightly higher 
than normal during the study period. 

POLLUTION SOURCES 

Pollution discharges are classified as point and non-point 
sources. Point sources include effluents from municipal-private 
domestic wastewater treatment plants and from industrial plants. 
Non-point sources include urban stormwater runoff, agricultural 
runoff, forest and swamp drainage, and runoff and groundwater 
seepage into surface waters. 

The massive quantities of point source waste previously 
discharged into the Pensacola Bay system between 1955 and 1964 
have been significantly reduced. Based on surveys by USEPA and 
its predecessor agencies, the combined quantity of waste 
discharged by the four major dischargers into the Escambia Bay 
drainage area--Container Corporation of America, Monsanto 
Chemical co., American Cyanamid Co., and Air Products and 
Chemicals plants--has been reduced between September 1969 and 
January 1975 by 40 percent for BOD5 , 71 percent for total 
nitrogen, and 96 percent for total phosphorus. Based on 
discharge limitations in NPDES permits (as of January 1975),. 
Escambia Bay received the largest portion of the BOD 5 (34 
percent) and total nitrogen (43 percent) loads discharged by 
point sources. The largest portion of the total phosphorus load 
(~4 percent) entered Pensacola Bay • 

• 
Pensacola Bay received the greatest quantity of B0D5 and 

significant amounts of total nitrogen and phosphorus from non
point sources entering the estuarine reaches of the Pensacola Bay 
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system. Escambia Bay received the lowest quantities of BOD 5 , 

total nitrogen, and total phosphorus because the bluff on the 
western shore causes most urban stormwater runoff to enter Bayou 
Texar instead of Escambia Bay. · ·· 

HYDRODYNA.MICS 

Circulation in an estuary depends on many factors including 
river inflow, tides, and wind. The relationships among these 
factors are extremely variable and complex. The estimated mean 
annual discharge into the Pensacola Bay system is 311 m3 /sec 
(11,000 cfs), and the estimated seven-day low flow that occurs 
once every ten years (seven-day, 10-year low flow), which is 
usually used to describe critical streamflow conditions, i~ 61 
m3/sec (2160 cfs). This is about 20 percent of the mean annual 
flow. 

Higher than normal river discharges occurred during the 
periods when EBRS performed field studies. The mean annual 
discharge of the Escambia River at Century, Florida from 1935 to 
1974 was 170 m3/sec (6016 cfs) and the mean annual discharges at 
this location for water years 1973 and 1974 were 293 and 190 
m3/sec (10,350 and 6,708 cfs), respectively. 

Extremely low flows occurred in the Escambia River during 
1967, 1968 and 1969. when the mean annual flows at Century, 
Florida were 120, 100 and 82 m3/sec (4,240, 3.530 and 2,895 cfs), 
respectively. Circulation in the Pensacola Bay system should 
have been considerably weaker during these years than was 
observed during the study period by EBRS because water year 1973 
was an extremely high flow year and water year 1974 was an above 
average flow year. 

Tidal energy in the Pensacola Bay system is relatively weak 
because of the low mean tidal range of 0.5 m (1.5 ft). In 
addition, there is rarely more than one tidal cycle per day. The 
tidal range also cycles approximately every two weeks from 0.8 m 
(2. 5 ft) during· tropic tides, to O. 2 . m ( 0. 5 ft) , during 
equatorial tides. Circulation is extremely weak when equatorial 
tides occur. 

Circulation in the Pensacola Bay system varied between two
layer flow with entrainment and two-layer flow with vertical 
mixing. Mean water transport over a tidal cycle was normally 
seaward in the upper layer of the Pensacola Bay system and 
riverward in the lower layer. consequently, the system was 
usually vertically stratified and there was little exchange 
between the outflowing upper layer and inflowing lower layer. A.n 
analysis using the Two Layer Model, described by Bowden (1967), 
indicated that under slightly less than average flow (148 m3/sec) 
and average tide conditions, the flushing time for the Pensaeola 
Bay system was about 34 days. The model indicated a 60 day 
reduction in flushing time was caused.by tidal mixing. If it is 
assumed that tidal ~ixing would also cause a 60-day reduction -in 
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flushing time during low flow conditions, the flushing time would 
be about 200 days when river inflow is equal to the seven-day, 
ten-year low flow of 61 m3/sec. 

Under certain meteorological conditions, current reversals 
occur in the bay; hence, inflow takes place in the upp'er layer 
and outflow occurs .in the lower layer. This means that waste 
discharges into the bay are sometimes transported riverward and 
remain in the system for a longer period than the flushing time 
suggests. Wind is probably the most influential factor in 
causing these current reversalso 

Salinity data and the August 1973 dye study indicated that 
more freshwater flows down the western sides of Escambia and East 
·Bays than the eastern sides. This appeared to be due to the 
Coriolis force which is caused by the earth 0 s rotation. 

Based on the August 1973 dye study, the L and N Railroad 
bridge pilings did not appear to significantly hinder circulation 
in upper Escambia Bay after excess pilings had been removed. The 

. dye study also indicated that the time of travel of the major dye 
''peak was 2.3 days from the mouth of the Escambia River to the 

mouth of Escambia Bay when Escambia River inflow was about 
average annual flow (190 m3/sec). 

Based on field flow estimations, about 25 percent of the 
total flow of the Escambia River basin entered the northwestern 
section of upper Escambia Bay through the Little White and 
Simpson Rivers. This freshwater inflow traveled seaward along 
the Escambia River deltag not throughout the entire northeast 
section of the upper bay. 

Discharges from American Cyanamid Co. and Air Products and 
Chemicals, Inc. plants tended to accumulate in the vicinity of 
the Air Products outfall (based on dye study results). The 
effluent from Air Products and Chemicals, Inc. stayed close to 
the shore north and south of the outfall. 

The existing Main Street Wastewater Treatment Plant ou·tfall 
terminates at a location where currents transport the effluent 
into Bayous Chico and Grande. 

Circulation in the Pensacola Bay system 
conducive to a high assimilative capacity. 
some areas were stronger than in others, 
relatively weak. Currents in the lower 
weak. 

was weak and not 
~lthough currents in 
all currents were 

layer were extremely 

Circulation in the northeast arm and in the dredged finger 
canals of 0 Mulatto Bayou was weak during June and July 1974. Dead 
fish caused an algae bloom in the unused finger canals of the 
bayou, and, later, the algae were transported to the main area of 
the bayou by wind. 
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BAY SEDIMENTS 

The composition of ~he sediment~ in the Peri~acola Baj syst~, 
and .. ·-- in northeast Gulf bays (Choctawhatchee Bay and Panama City 
bays) ~as compared·during·this.study. 

- .- , ~ '. 

sedim~nti in Escambia Bay consisted of sandy material near 
the shore grading into mud in the central portion of the bay. 
The sand shelf ended rather abruptly, with a change in slope into 
the transition zone which consisted of a sand mud mixture on a 
relatively steep slope down to the mud plain. The mud plain was 
almost flat and extended throughout the central bay area. 
Particle size classification at stations on the sand shelf was 
sand, whereas size classification at transition zone stations 
ranged from sand to clayey silt. Mud plain station sediment size 
classifications ranged from sand to clay. The sand shelf on the 
western shore was narrow and the gradient down to the mud plain 
was steep. On the eastern side of the bay, the shelf was wider, 
oyster beds were present, and the slope down to the mud plain was 
more gradual. water depth over the mud plain increased seaward. 
Mud percentage increased with water depth throughout the 
Pensacola Bay system. 

Totai phosphorus, organic nitrogen, and organic carbon 
concentrations in sediments throughout the Pensacola Bay system 
increased with water depth, and, therefore, mud content. Total 
phosphorus and org~nic nitrogen concentrations were generally 
higher in Escambia Bay sediments when compared to East Bay 
sediments. Escambia Bay tended to have slightly lower organic 
carbon concentrations than East Bay. Concentrations of total 
phosphorus, organic nitrogen, and organic carbon were higher in 
Choctawhatchee Bay and Panama City bays than in Escambia Bay. 

Volatile organic sediment material in Escambia Bay was 
distributed with highest concentrations in deeper waters. 
Escambia and East Bays have similar concentrations in like 
sediments; however, concentrations were higher in Pensacola Bay 
than in East Bay. When compared to several n~rtheast Gulf bays, 
volatile organic material in Escambia Bay sediments had a similar 
distribution. 

The area of higher BOD 5 concentrations in Escambia Bay 
sediments coincided with the zone of maximum mixing of fresh and 
saline waters. Flocculation of dissolved organics occurred in 
this mixing zon~ with ultimate deposition in bay sediments. 

Concentrations· · of BOD,s were highest near industrial 
discharges. - Compared to the. other b~ys studied, 80D 5 
concentrations in Escambia Bay sediments were not unusually high 
except around the-industrial waste_discharg~s. 

'. . . . . . ,. . . . 

Polychlorinated · biphenyl -· (PCB) leaked into the. Pensacola Bay 
system from the·Monsanto Chemical co. ·p1·ant in 1969-. _ 1\roclor 
1254 (a trade name ·of· ~- · type of PCB) -· was found in sediments 
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throughout the Pensacola Bay system, with h~gher concentrations 
in the finer sized particles. Stations with high PCB 
conceiltr~:tions include those in the channel and near the 
industrial waste discharges in the ~ortheast portion of Escambia 
Bay. This study, plus previous work (Nimmo, et al., 1975;, us
EPA, unpublished data), indicated that the Aroclor 1254 ~as being 
removed from the sediments at a rate of about 90 percent per year 
between 1969 and 1974. · 

Dieldrin was the only pesticide, among the 21 investigated, 
that was detected in Escambia Bay. use of this highly toxic 
pesticide will soon be greatly restricted. 

Eleven of the twelve metals analyzed in sediments of the 
Pensacola Bay system were most concentrated in the finer grained 
sediments. There were seven metals that had similar 
concentrations in both East Bay and Escambia Bay. These metals 
were lead, zinc, chromium, manganese, nickel, aluminum, and iron. 
Four metals--cadmium, copper, cobalt, and vanadium--had greater 
concentrations in Escambia Bay than in East Bay. Titanium was 
equally distributed throughout all bays of the system regardless 
of sediment type. 

The dredged channel in Escambia Bay acted as a sink for silt 
and clay particles and fine organics. Consequently, mud content 
and volatile organic material concentrations were higher at 
channel stations within the bay. In the Escambia River portion 
of the dredged channel, these two constituents had low values. 
Nutrient concentrations were also low in the dredged river 
channel and high in the bay channel sediments. Total phosphorus 
and organic nitrogen were higher in the.bay channel sediments 
than in sediments at stations adjacent to the channel on the mud 
plain. Metal and PCB concentrations were also higher in channel 
sediments than in the adjacent muds. 

Microbial activity (as determined anaerobically by the 
reduction of triphenyltetrazolium chloride) in the sediments of 
Blackwater Bay, East Bay, and Pensacola Bay was similar to · that 
observed in the sediments of Escambia Bay. Northeast Escambia 
Bay sediments near the industrial outfalls had microbial activity 
that was similar to sediments at other location in the Pensacola 
Bay system. Sedime~ts from the river stations and shallow bay 
stations which were high in percent sand and low in percent 
volatile organic matter had low values of microbial activity. As 
the percent volatile organics increased, a corresponding increase 
in microbial activity usually occurred until a plateau near the 
one percent level was reached. A concomitant increase in 
microbial activity with percent volatile organics was not 
observed above a one percent organic content • • 

Significant amounts of total nitrogen, and negligible amounts 
of total phosphorus, were released from Escambia Bay sediments 
during a sediment nutrient release study performed under aerobic 
conditions. The quantity of nitrogen released was directly 
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proportional to volatile organic content 3f the sediments. A 
larger amount of nitrogen was released from sediments located 
near the industrial and sewage outfalls. 

~ER QUALITY 

Total organic carbon (TOC) concentrations were uniformly 
distriputed in the waters of the Pensacola Bay system during the 
1974 study period and they consistently exceeded 2 .• O mg/1 (a 
maximum concentration to avoid nutrient enrichment, derived from 
Water Quality Criteria, 1972). Based on limited data, total 
organic carbon concentrations in Escambia Bay appe3red to 
decrease by 12 percent between 1969 and 1974. Pensacola and 
Choctawhatchee Bay systems had about the same TOC concentrations 
under similar hydrological conditions in 1974. 

Total nitrogen concentrations in the waters of Escambia Bay 
were significantly higher than in the rest of the Pensacola Bay 
system during 1974. Escambia Bay had mean total nitrogen 
concentrations that exceeded 0.360 mg/1, a recommended maximum 
level to avoid nutrient enrichment in marine waters {Water 
Quality Criteria, 1972), during 10 of the 12 surveys performed in 
1974. The remainder of the Pensacola Bay system had mean 
concentrations lower than this value. Total nitrogen 
concentrations in the Pensacola Bay system were significantly 
higher than those in Choctawhatchee Bay under similar 
hydrological conditions in 1974. Total nitrogen concentrations 
in• upper Escambia Bay appeared to decrease by 50 percent between 
1969 and 1974, based on a two-day survey in 1969. 

Total phosphorus concentrations were also distributed 
uniformly throughout the Pensacola Bay system in 1974, and they 
were consistently below the 0.05 mg/1 recommended maximum level 
to avoid nutrient enrichment in marine waters (Water Quality 
Criteria, 1972). Based on limited data, total phosphorus in 
Escambia Bay appeared to decrease by 75 percent between 1969 and 
1974. Choctawhatchee and Pensacola Bay systems had about the 
same total phosphorus concentrations under•similar hydrological 
conditions in 1974. 

A nonparametric statistical classification procedure was used 
to combine total organic carbon, total nitrogen, and total 
phosphorus data into a single value desi~nated the Principal 
Nutrient Index (PNI). A PNI value of 9.0 (based on statistical 
manipulation of 2.0 mg/1 total organic carbon, 0.36 mg/1 -
-total nitrogen, and 0.05 mg/1 - total phosphorus) was used to 
distinguish between excessive nutrient enrichment and acceptable 
aquatic conditions. During the September 1969 survey, 91 percent 
of the PNI values in Escambia Bay were greater than 9.0. The 
mean PNI value of pooled data for upper Escambia Bay during the 
summer of 1974 was 10.6, which was a 41 percent decrease from the 
1969 value. Values of PNI near waste discharges and in Bayou. 
Texar and Mulatto Bayou were higher than those at adjacent 
locations. 
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Dissolved oxygen concentrations in Escambia Bay appeared to 
improve between 1969 and 1973 through 1974. The high diurnal 
variation in dissolved oxygen observed in 1969 was not observed 
in 1973. During the 1974 study period, there were two periods of 
low jissolved oxygen, one in the early spring and another in late 
summer. The period in early spring occurred after high river 
inflows and the one in summer.occurred when salinities in the 
system were high and river inflow was low (indicating poor 
flushing). During both periods lower bottom dissolved oxygen 
concentration occurred near the industrial discharges in 
northeast Escambia Bay (Station EGLY). The available data for 
Pensacola Bay during 1974 indicated that low dissolved oxygen 
concentrations in Escambia and East Bays during the spring of 
1974 were not caused by a water mass from Pensacola Bay entering 
these systems. Benthic oxygen demand from the sediments appeared 
to be a significant factor in causing low bottom dissolved oxygen 
concentrations. 

Vertical stratification in the system was observed in the 
salinity data and also in the dissolved oxygen data. Bottom 
dissolved oxygen concentrations were always lower than surface 
concentrations. This occurred because the dissolved oxygen 
removed from the lower layer by benthic demand was not 
continuously replaced when the system was stratified, since there 
was very little exchange between reaerated upper layer water and 
lower layer water. 

Based on dissolved oxygen concentrations measured in East 
Bay, low dissolved oxygen concentrations occur during critical 
periods (high temperatures, low river inflow) in bays that do not 
receive direct point source waste discharges. Consequently, due 
to naturally poor circulation and non-point source discharges in 
the Pensacola Bay system, the assimilative capacity of the system 
with respect to oxygen resources should be extremely limited. 

Ultimate BOD values 
approximately the same 
concentrations in northeast 
outfalls were higher than in 

during the 1974 study 
as 1973 values. 

period were 
Ultimate BOD 

the industrial Escambia Bay near 
the Escambia Rivero 

Total and fecal coliform densities were greatest in the 
Escambia River and upper Escambia Bay. These densities decreased 
as the river water dispersed into the upper bay and diminished 
progressively in a seaward direction. Natural die-off and 
increasing salinity also contributed to decreased bacterial 
densities. Total and fecal coliform densities were higher 
following periods of heavy rainfall and increased river flow, 
which indicated that the higher densities observed were due to 
runoff and swamp drainage. All of the Class III waters 
(recreation fish and wildlife) in the Pensacola Bay system 
except the tributaries, were within the mean total coliform and 
fecal coliform limitations specified in the Florida water quality 
standards. 
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Waters in Escambia Bay and East Bay complied (in most 
instances) with the mean coliform shellfish standard in areas 
opened to harvesting oysters. Violations of the maximum standard 
occurred more than ten percent of the time at most stations in 
class II waters :(shellfish harvesting) • 

- . ~ 

The highest turbidities in Pensacola Bay system waters were 
measured during winter and spring when ra'inf all in the drainage 
area. was high, and the lowest values were measured in summer 
during low river inflow periodso Higher turbidities were 
measured in the Conecuh-Escambia River than in the Blackwater and 
Yellow Riverso This occurred because most of the Conecuh
Escambia River drainage basin is an area with clay soilso Most 
of the drainage basins of the Blackwater and Yellow Rivers are 
areas with sandy soils. Mean turbidities in Blackwater and East 
Bays were considerably lower than those in Escambia Bay. None of 
the turbidity values measured in the bays during the 1974 surveys 
exceeded the state of Florida water quality standard of 50 jtu 
for Class II and III waters. 

Point sources of waste contributed the greatest portions of 
the BOD 5 , total nitrogen-, and total phosphorus loads to the 
Pensacola Bay system (based on allowable discharges in· NPDES 
permits in effect during January 1975 and critical ( 60-day, 10-
y~ar) low flows in the rivers tributary to the bay system, and 
average annual non-point discharges). Tributary rivers and non
point sources of waste followed point-sources with decreased 
pollutant contributionso Low flow conditions were used to 
determine the pollutant loading from tributary rivers because low 
flow periods generally occur in late summer and early fall when 
the water temperature of the bays is highest, the bottom 
dissolved oxygen concentrations lowest, the chlorophyll a 
concentrations (phytoplankton) highest, and when most of the fish 
kills occur. Under allowable discharges in NPDES permits in 
effect during January 1975 and low flow conditions, it was 
estimated that 38, 41, and 21 percent of the BOO 5 loads 
discharged into the Pensacola Bay system were from tributary 
rivers, point sources and non-point sources,.respectively. At a 
later time, when final NPDES limitations will be in effect, and 
under low flow conditions, it is estimated that 50, 22, and- 28 
percent of the BOD 5 loadings will be from tributary rivers, point 
sources, and non-point sources, respectively. Point source 
discharges will still be the greatest contributor of total 
phosphorus, 45 precent, when final NPDES effluent limitations are 
in effect. Accordingly, the theory held by many, that point 
source discharges are insignificant compared to contributions 
from tributary rivers and non-point sources, is incorrect. 

PLANKTON 

Plankton studies were performed by the University of West 
Florida (UWF) and EBRS in the Pensacola Bay system. The 
University•s,work_on primary productivity indicated that Escambia 
Bay and East Bay had similar production. Comparing Escambia Bay 
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with Port Royal Sound; South Carolina·, shows· that Escambia Bay 
was several times less productive .• · Escambia· Bay, when compared 
to several systems throughout the Gulf-Coast, had a· low primary 
productivity •. · All·· counts: of, ·a~d · seasonal succession of, 
phytoplankton were similar in Escambia-Bay and·East-Bay; however, 
because of river inflow, Escambia Bay had a less uniform 
distribution of phytoplankton than East Bay~ 

Seasonal trends and total counts of zooplankton were similar 
in Escambia and East Bays. No differences were noted between the 
bays within the dominant groups of organisms. Acartia tonsa was 
the dominant organism in both bays. 

Chlorophyll ! concentrations were compared throughout the 
Pensacola Bay system. Escambia Bay had higher concentrations 

.than other bays in the system, with concentrations higher in the 
.upper estuary and decreasing toward the Gulf inlet. Mulatto 

. Bayou and Bayou Texar had the highest concentrations of 
chlorophyll! in the bay system and most of the time bloom 
conditions were present. 

FISHES 

Investigation of the fish fauna was directed toward 
developing a pertinent and reproducible data base for future 
assessment and to ascertain the present status of the finfishes 
and penaeid shrimps. 

During the year, a total of 79,373 fishes, representing 57 
species and 32 families, was taken in the otter trawl and seine 
collections at 15 stations throughout the estuary. The average 
trawl catch was 568 individuals per collection. 

The dominant pelagic fishes in both the trawl and seine 
collections were the bay anchovy (Anchoa mitchilli), Gulf 
menhaden (Brevoortia patronus), striped anchovy (~ hepsetus), 
tidewater silverside (Menidia beryllina), and Atlantic bumper 
(Chloroscombrus chrysurus); whereas the most abundant benthic 
species were the spot (Leiostomus xanthurus), Atlantic croaker 
(Micropogon undulatus), and sand seatrout (Cynoscion arenarius). 

An additional fifty other species were represented in the 
catches. 

Fish kills are visible indications of conditions of poor 
water quality. In the past, pollution-caused kills were linked 
with excessive amounts of nutrients, polychlorinated biphenyls, 
sewage, oils, phenols, toxic metals, pesticides, and other 
industrial by-products. In general, reductions in industrial 
waste discharges paralleled similar declines in the number of 
fish kills. From 1970 through 1974, the frequency of fish kills 
in Escambia Bay and associated bayous dropped by 86 percent; in 
the entire Pensacola Bay system, the number of kills was reduced 
by 75 percent. In addition, there were no massive kills in the 
Pensacola area in 1974. 



Freshwater angling in the lower Escambia River and delta 
tributaries is a popular sport. The most sought after and most 
frequently caught species were bluegill (Lepomis macrochirus), 
redear sunfish (L. microlophus), and largemouth bass (Micropterus 
salmoides). Based on a comparison of the catch rates between the 
1970 and 1974 creel surveys (both approximately 1.0 fish per 
angling ·hour), there has been no significant improvement in this 
fisheryo 

An analysis of the diversity of the fish communities provided 
a te·chnique for ascertaining the effects of pollution or 
environmental stress. In Escambia Bay 0 species diversity 
(Shannon-Weaver formula, H0 ) was inversely correlated with the 
nutrient concentrations (PNI) in the water column. In other 
words, higher nutrient concentrations contributed to lower 
species diversity, whereas low nutrient levels resulted in higher 
species diversity in various areas of the bay and bayous. 
overall, nutrients contributed 42 percent of the variance of 
diversity. It is apparent that further reductions in waste 
discharges will contribute to the well-being of fish populations. 

Both the relative abundance and species diversity of the fish 
populations in Escambia Bay were similar to, and in some 
instances superior to, many estuaries in the northern Gulf of 
Mexico. In general, the finfish populations and the nursery 
grounds (for fishes) were judged to be in an intermediate stage 
of recovery. 

The decline in shrimp fishery was attributed to the 
deterioration in the bottom habitat by various pollutantso 
However, persistent pollutant residues in the sediments, such as 
PCB, and associated materials in the water column continue to 
obstruct the development of a viable shrimp fishery. Further 
leaching of various foreign substances from the sediments should 
lead to improved conditions on the bottom. At present, both the 
shrimp fishery and nursery grounds are in the early stages of 
recovery. 

In some estuaries, the bottom environment might be altered to 
improve conditions. In Escambia Bay, an intensive study of 
utilization of two major substrates (compact shell and soft mud) 
revealed that both bottom areas were quite productive. Large
scale changes in the existing substrates, at least in the open 
bay, ·would not enhance bottom nursery habitat for young fishes 
and pena~id shrimps. 

~istorically, the anadromous striped bass (Merone saxatilis) 
inhabited the waters of Escambia Bay and River. The feasibility 
of re-establishing this valuable sport fishery was enhanced due 
to the overall improvement in environmental quality. In April 
1975, five million fry, descendants of the famed striped bass 
population in the tail waters of the Santee-cooper Reservoir in 
South Carolina, were stocked in the tributary streams of the 
lower Escambia River. 
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BENTHIC MACROINVERTEBRATES 

Ben.thic macroinvertebrates at sand shelf, mud plain, and 
transition zone stations were compared for biomass, species 
number, and numbers of individuals. · All three parameters 
increased from mud to transition to sand stations. The same 
trend applied for diversity (Shannon - Weiner formula, H'); · that 
is, H' increased from mud to transition to sand. There was no 
significant difference within sand shelf stations between values 
for biomass, species number, number of individuals, and diversity 
for the upper bay compared to the lower bay and for the east side 
compared to the west side. The same is true for the transition 
zone and mud plain stations. In all cases except one, the winter 
samples within like sediments had higher biomass, species 
numbers, and numbers of individuals than did the summer samples. 
Biomass was higher in the summer at sand shelf stations. 

Oyster bed stations had the highest number of species, 
diversity, and biomass of any other habitat in Escambia Bay. 

Grass beds were the second most productive habitat in 
Escambia Bay. East Bay grassbed sample data were similar to the 
data for an Escambia Bay grassbed. 

Near the Northeast Wastewater Treatment Plant discharge, the 
assemblage of organisms observed was similar to that found in 
other sediments with similar physical characteristics. However, 
samples at this station were taken a year later than those at 
comparable sediment stations, and the annual variation must be 
considered in evaluating the data. 

At the industrial discharge stations, there was a shift in 
species types from mullusca and crustacea to polychaete worms. 
The species number, biomass, and numbers of individuals of 
organisms around the industrial discharges were altered only in a 
narrow band nearshore at the discharge from Air Products and 
Chemicals, Inc. 

Deep water mud sediments in Escambia, East, and Pensacola 
Bays generally had similar assemblages, except Pensacola Bay 
which had two high salinity species that were not found in the 
other two bays. 

The high salinity area assemtlage sampled in Santa Rosa Sound 
produced by far a higher number of species, biomass, diversity, 
and number of individuals than found in the Pensacola Bay system. 

Escambia Bay had diversity (H') values lower than values from 
Hillsborough Bay and Galveston Bay within comparable mud 
sediments O during the summer, indicating stressed 
macroinvertebrate populations in Escambia Bay. 

In general, Escambia Bay sediments supported a population of 
benthic macroinvertebrates similar to that in East Bay. 
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BENTHIC MACROFLORA 

Seagrasses are an especially important component of an 
estuary, since they function as a nursery ground for finfish .and 
shellfish. There has been extensive vegetation loss throughout 
the Pensacola Bay system. All seagrasses (Thalassia and 
Halodule) were gone except one bed.on the northeast shore. of. East 
Bay, and this bed has diminished significantly •.. The shoreline 
near this bed is the least altered by m~m in the system an.d seems 
to have the least beach erosion. A persistent fres}1water specie, 
Vallisneria americana, is growing well in Blackwater. Bay but 
declined in upper Escambia Bay prior to 1974. However, in 1974 
and 1975, there has been an expansion of Vallisneria in the 
Escambia River delta area. 

Major causes of this vegetation loss were sewage and 
industrial waste discharges, dredging and filling, beachfront 
alteration, and changing watershed characteristics. In the 
Pensacola Bay system many factors have synergistically affected 
the entire system with certain factors having an increased local 
effect. For instance, the loss of vegetation around the 
Northeast STP was caused first by laying the discharge pipe 
directly through the bed and later by sewage effluents. ~long 
the southern shore of East Bay, bulkheads -and groins likely 
caused changes in nearshore water movements and, therefore, 
erosion of seagrass beds. Industrial discharges, no doubt, 
caused the loss of vegetation in the northeast section of 
Escambia Bay since these effluents remain near shore in that 
area. Dredging and filling of the Port of Pensacola caused 
turbidities · which affected the vegetation in addition to th€ 
actual removal of the grassbeds in some instances. 

In neighboring Santa Rosa sound, 
relatively stable. This area should 
however, and every effort should 
int~grity of these seagrass beds. 

Transplants of Halodule wriqhtii 
introduced into Escambia Bay during 
One-hundred plugs of li• wrightii 
sites in depths from 0.3 to 1.0 m. 

seagrasses have remained 
be considered as endangered, 

be made to preserve the 

were taken from East Bay and 
July and September 1974. 
were placed at each of four 

Observation of the plants in May 1975, after overwintering, 
revealed green leaves on 37 percent at one site, 10 percent at 
another site, and two sites were covered with 12 cm of sand. 
Additional leaves may have developed later in the spring as water 
temperature increased. In June 1975, additional transplanting 
was performed at two new sites and near two old sites. one month 
after transplanting, green leaves were observed on 23, 43, 61, 
and 78 percent of the plugs. Continued evaluation of the 
revegetation program will be performed ; by._ the . Bream Fisherman 
Association of Pensacola·• and a UWF student as a_ special course 
project. 
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3 - CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

As evidenced by an improved dissolved oxygen regime, a 
reduction in frequency and intensity of fish kills, and 
attritional losses of·toxic materials from the sediments, aquatic 
conditions in Escambia Bay were considerably improved during 1973 
and 1974. These improvements resulted from a combination - of 
higher than normal annual river inflows and accelerated pollution 
abatement efforts. conditions will continue to fluctuate as a 
function of freshwater inflow, but overall quality can be 
expected to improve further as point source waste inputs are 
reduced. In addition to waste reduction, restoration techniques 
such as revegetation of marine grasses, relocation of waste 
discharge sites, stocking of striped bass, and implementation of 
an areawide water quality management plan will protect gains made 
in improved aquatic conditions. The following conclusions 
elaborate further (including reasons for rejecting certain types 
of restoration techniques such as selective dredging and 
tributary flow pattern alteration). 

Environmental QualitX 

• Physical and chemical characteristics of sediments from 
Escambia Bay are similar to sediments from other Florida 
bays. Finer grained sediments with the highest 
concentrations of organic material, nitrogen, and 
phosphorus occurred at mud plain locations in each bay 
at deep water depths. Most of the particulate material 
entering the Pensacola Bay system from point and non
point waste sources and tributary rivers are retained in 
the system. However, this material is distributed 
throughout the bays before sedimentation occurs. Thus, 
the effects of the waste discharges are bay-wide. 

• Based on all water quality data collected, aquatic 
conditions are worse in Escambia Bay than in the other 
bays of the Pensacola Bay system and Choctawhatchee Bay. 
conditions appear to have improved in upper Escambia Bay 
based on decreased nutrient concentration between a two
day study in 1969 and studies performed in 1973 and 1974 
under similar hydrological conditions. 

• Nutrient enrichment was greatest in Mulatto Bayou and 
Bayou Texar, and algal blooms occurred there during the 
summer months. 

• B~sed on rates of primary production, phytoplankton cell 
counts, and zooplankton counts, during 1973 and 1974, 
Escambia Bay and East Bay were similar to othe:r northern 
Florida bays. 
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• Estuarine waters were functioning as productive 
nurseries for young fishes. The most productive nursery 
grounds for finfishes were in the semi-protected bayous 
and not in the open bays. The dominant fishes in 
Escambia Bay were anchovies, clupeids 6 and scianids. 
Similar faunal assemblages are found in other nearby 
estuaries of the northern Gulf of Mexico. Annual shifts 
in the number of species of fishes were related to 
seasonal changes. 

• overall, the condition of the fish populations and 
fishery was judged to be in an intermediate recovery 
stage, whereas, the penaeid shrimp nursery and fishery 
showed indications of an early stage of recovery. No 
improvement was noted in the freshwater sport fisheries 
on the lower Escambia River between 1970 and 1974. 

• Based on limited sampling in East Bay, macroinvertebrate 
species found in a given type of sediment are similar in 
both Escambia Bay and East Bay. 

• Escambia Bay sediments support stressed populations of 
benthic macroinvertebrates. 

• Algal blooms in the partially constructed finger canals 
of Mulatto Bayou are intensified by weak circulation. 

~ses of Environmental Problems 

• Because of poor circulation and · flushing charac
teristics, the assimilative capacity of the Pensacola 
Bay system is extremely limited and the bay is barely 
able to assimilate natural inputs of nutrients and 
oxidizing materials. 

• Circulation caused most of the discharge from the 
American Cyanamid plant to be transported north toward 
Floridatown instead of seaward during the September 1974 
survey. Effluent from the Air Products and Chemicals 
Inc. plant remained concentrated in the near~hore zone 
north and south of the discharge point during the August 
1974 survey. Both effluents entered Mulatto Bayou. 

• Critical aquatic conditions in the Pensacola Bay system 
occur in late summer,when: 

1) The system is.vertically stratified and oxygen is 
not transported from the upper layer, which 
undergoes reaeration, to the lower layer which must 
satisfy the benthic oxygen demand. 

2) water temperature is highest which increases the 
rates of biological growth processes. 
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3) Low river inflows occur which reduce flushing and 
weaken circulation. 

4) Low turbidities promote phytoplankton growth. 

• Point source wastewater discharges are the major cause 
of poor aquatic quality conditions during late summer. 
Non-point sources and tributary river inflow also 
contribute to poor aquatic quality conditions. .. Although nutrient levels decreased 
1973-1974, nutrient enrichment still 
Bay. Nutrient concentrations during 
exceeded the levels recommended 
Criteria (1972) for marine waters. 

between 
exists in 
1973-1974 
in Water 

1 969 and 
Escambia 
usually 
Quality 

In the past, nutrient enrichment in the Pensacola Bay 
system caused high phytoplankton concentration during 
summer months and contributed to benthic oxygen demand. 
Phytoplankton were a food source and attracted numerous 
fish (Menhaden) into areas where phytoplankton 
concentrations were high. Phytoplankton respiration and 
benthic oxygen demand depressed dissolved oxygen 
concentrations and caused fish kills. 

o Tributaries were the major source of total and fecal 
coliform bacteria to the Pensacola Bay system. Wastes 
discharged from the Pensacola sewage treatment plants 
did not contribute significantly to coliform densities 
observed in Escambia Bay or Pensacola Bay except in the 
vicinity of the outfalls. The potential for the 
presence of pathogens based on coliform densities was 
greatest in the tributaries, bayous, northern Escambia 
Bay, and Blackwater Bay. 

• Under aerobic conditions, significant amounts of total 
nitrogen, and negligible amounts of total phosphorus, 
were released from Escambia Bay sediments. The highest 
amounts of nitrogen were released from sediments located 
near American Cyanamid and Air Products and Chemicals 
Inc. plants and Northeast Wastewater Treatment Plant 
outfalls. 

Diversity of the fish communities was inversely related 
to nutrient content in the water column. That is, 
species diversity was depressed in areas with high 
nutrient concentrations, whereas diversity was improved 
in waters with low nutrient levels. The numerical 
distribution of the fishes and penaeids was not related 
to the major point sources of pollution in the upper 
bayo 



• The decline in the shrimp fishery, since 
Pensacola Bay system is attributed 
pollutant residues in the sediments. 

1970, in the 
to persistent 

• Man's influence (dredge and fill activities,· waterfront 
alterations, and waste discharges) appears to be the 
cause for the reduction of seagrasses. 

Restoration 

• The circulation of upper Escambia Bay improved after the 
excess pilings under the Land N Railroad bridge were 
removed in 1970. 

• There is no evidence that diverting freshwater into the 
Little White and Simpson Rivers would change the flow 
pattern in the vicinity of Floridatown and improve water 
quality. The possibility exists that such changes could 
damage a productive fishery. 

• The soft mud and compact shell bottoms are nursery 
grounds for young fishes. Major changes in either 
substrate would not speed up the recovery processes. 

• Techniques for transplanting Halodule wriqhtii (shoal 
grass) ·have been developed. The best period for 
trarisplanting Halodule wriqhtii is late May or early 
June; however, transplants can live through the winter 
when planted as late as September. The plug method of 
transplanting (as used in this study) cannot be 
evaluated in less -than two to three years si nee the 
plant will be living on the original soil during the 
first ohe or two years. 

• It was not possible to evaluate the success of the 
initial stocking of striped bass in the lower Escambia 
River because of the projects termination. 
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RECOMMENDATIONS 

1 • 
,. . · .. 

An areawide· pollution abatement and 
should continue to _be de_veloped for 
·system and should be adopted._. The 
should: · · 

management plan 
the Pensacola Bay 
planning process 

• Prohibit municipal-private domestic wastewater 
discharges into Escambia and Pensacola Bays, their 
tributary bayous, and the lower Escambia River 
other than the discharge · fro·m the Main Street 
Plant, which shall receive advanced waste treatment 
and not exceed 77,500 m3 /day (20 mgd). 

• Allow only existing municipal-private domestic 
wastewater discharges into East and Blackwater 
Bays, their tributary bayous, and the lower Yellow 
and Blackwater Rivers after advanced waste 
treatment has been provided. 

• Not modify the final effluent 
currently issued NPDES · permits 
stringent effluent· limits~· 

1 imi ta ti ons of 
to reflect less 

• Prohibit· new industries from discharging 
wastewaters into the Pensacola Bay system and the 
lower reaches of tributary rivers. 

• Provide for the use of 
wastewater disposal, such 
where practical and where 
supplies are not endangered. 

alternate 
as land 
potable 

methods of 
application, 
groundwater 

• Formulate comprehensive land use management 
practices (stressing preservati_on of environmental 
quality) for Escambia and Santa Rosa Counties in 
order to address the control of non-point sources. 

• Develop and design an integrated physical, 
chemical, and biological ambient and waste source 
monitoring program. 

2. The Main street outfall should be extended to discharge 
about 1830 m from shore to improve dispersion of the 
waste. 

3. Effluents from American Cyanamid Company and Air 
Products and Chemicals, Inc., should be discharged 
thro'llgh outfalls extended to the vicinity of the barge 
channel in Escambia Bay. The American Cyanamid plant 
outfall would have to be extended about 1920 m. 

4. A detailed evaluation of the. effects of open water 
disposal of dredged material on the environment, which 
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includes a cost-benefit 
environmental damage, 
water spoil disposal is 
Blackwater Bays. 

analysis containing the cost of 
should be performed before open 
allowed in Pensacola, East, and 

s. No open water disposal of dredged material should be 
allowed· . in Escambia Bay. No · 'dredging should be 
perform~d iri Escambia Bay during June through October. 

6. contained spoil areas with discharges into the Pensacola 
Bay syste~ shoµld be designed to minimize the discharge 
of fine sedimept materials into the receiving waters. 

7. A stripeq bass fishery should be established in the 
Escambia Rive~ under the auspices of a government agency 
to augmen~ the sport fishery and to better utilize the 
abundant forage base. 

8. Research grants, from the Environmental Protection 
Agency and others, should be be awarded for revegetation 
of seagrass~s in Escambia Bay in May-June, 1976. 

9. The produ9tive nature of the bayous, as 
young fishes, should be recognized, 
protected in the Pensacola Bay system. 

a habitat 
enhanced, 

for 
and 

10. Partially constructed finger canals in Mulatto Bayou 
should be sealed off from the remainder of the bayou. 

1 1 • The deep 
eliminated 
future. 

borrow pits in 
if fish kills 

Mulatto Bayou should be 
occur in the Bayou in the 

12. Every effort should be made to preserve the integrity of 
the seagrass beds in East Bay and Santa Rosa sound. 
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4 - AREA DESCRIPTION 

The Pensacola Bay system is located in Escambia and Santa 
Rosa Counties in the extreme northwestern portion of the State of 
Florida (Figure 4-1). The river systems that feed the bay have 
extensive drainage areas totaling 17,550 kmZ (6~778 mi 2 ). The 
Escambia, Yellow, and Blackwater Rivers, which are the major 
tributary rivers, extend to the northeast into Alabama. Most of 
the Escambia River drainage basin is in Alabama, and only the 

,upper reaches of the Yellow and Blackwater River basins are in 
Alabama. 

The area adjacent to the Pensacola Bay system that drains 
directly into it is 828 km 2 (320 mi2), and the land use of this 
area are about 7, 74, and 19 percent agricultural, forest, and 
urban-residential, respectively. The rest of the drainage area 
has agricultural and forest land use. 

The rivers draining into the Pensacola Bay system have been 
considered point sources discharging into the estuarine reaches 
of the system. Thus, the study area of this report is the 
Pensacola Bay system. 

CLIMATOLO~r 

Climatic conditions have a significant effect on aquatic 
systems. Winds, air temperature, and precipitation are ~enerally 
seasonal with short-term variation due to local disturbances. 

Wind velocity and direction can affect a body of water like 
the Pensacola Bay system in a number of ways. Winds can cause 
water to "pile up" on one side of the system and in this way 
reverse normal circulation patterns. Wind velocity is an 
important factor with respect to reoxygenation; high velocity 
wind transfers dissolved oxygen into the water at a rapid rate. 
Conversely, high wind velocity may resuspend sediments ~hich can 
exert a considerable oxygen demand on the water column. 

Prevailing winds were from the north at P~nsacola Regi~nal 
Airport (Table 4-1). The data were obtained from U.S. Department 
of Commerce (1972 to 1974, a). During October 1972 through 
September 1973 the prevailing winds were from the north (34 
percent of the time). Winds were from the south and east about 
22 percent of the time. West winds occurred only 16 percent of 
the time ~nd were the least frequent. Calm conditions occurred 
5.2 percent of the time. During October 1973 through September 
1974, winds from the north and south occurred about 29 percent of 
the time. Winds from the east and west occurred 21 and 12 
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Figure 4-1. Map of drainage area. 
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ldbln 4 - 1. Fr~qu~nc/ distributions OL wind directiou ~nd velo;ity at 
Ponsacold Segional Airport. 

Cirection 

N (315 t.o 4 5:) 

E ( 4G to 135) 

s ( 1Jb to 225) 

ii ( 2 26 t'.J 315) 

CALN 

Velocity 
(km/hr) 

CALM 

1 • L to 8. 3 

d. 4 to 1 7. 6 

11. 1 to i u. 8 

>2 6. Y 

nat.e 

Oct. 1972 to Sep •. 1':J73 Oct •. H73 to Sep. 1974 
?err:~nt o[ ~irn0 

34.2 ""'" , L- 'J. ~ 

22. o ..! 1. 2 

21.7 29. :l 

1t1. 1 7.S 

'). 2 7.5 

( knots) 

5.2 7.5 

~ • 5 to 4.5 1:.3 12. 2 

4.o to J.$ 54.5 5 2 •. l 

J.6 to 14. :i 23.1 .i 4. 1 

> 1-1. 6 ,; • '3 3. 'i 
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percent of the time, respectively. Calm conditions existed 7.5 
percent of the time. Data were not available to determine if the 
above conditions were normal. 

The frequencies of wind velocities were similar during both 
periods, and velocities between 8.4 and 17.6 km/hr occurred 
slightly more than 50 percent of the time (Table 4-1). 

Wind roses for conditions at Pensacola Regional Airport 
(Figure 4-2) indicate that winds with velocities between 8.4 and 
17.6 km/hr occurred with the highest frequency in every 
direction, and that north and south winds generally have higher 
velocities than east and west winds. Winds from the northeast 
with velocities between 8.4 and 17.6 km/hr were the most frequent 
during both periods. 

Mean wind velocities were about normal during the period .hen 
studies were performed by the Escambia Bay Recovery Study (Table 
4-2). Lowest wind velocities (about 11 km/hr) normally occurred 
in July and August. During both years of the study period, mean 
wind velocities were slightly above normal in July and slightly 
below normal in August. Thus, the energy contributed by wind for 
circulation and reoxygenation was lowest during the summer months 
when critical conditions,· with respect to dissolved oxygen, 
normally occur. 

Precipitation 

Surface water and groundwater dischar~es into rivers and 
estuaries are controlled by precipitation. The precipitation at 
Pensacola, Florida, and Andalusia, Alabama, (U.S. Department of 
Commerce, 1972 to 1974, b) is presented in Figure 4-3. Normal 
annual rainfall for Pensacola and Andalusia was 152 cm (60 in) 
and 145 cm (57 in), respectively. At Pensacola, Florida, during 
the period october 1972 to September 1973, the total annual 
rainfall was above normal at 188 cm (74 in), and during October 
1973 to September 1974, the total annual rainfall was lower than 
normal at 140 cm (55 in). At Andalusia, Alabama, during October 
1972 through September 1973, total annual precipitation .as 
greater than normal at 196 cm (77 in), and during October 1973 
through September 1974, total precipitation was 152 cm (60 in) 
which is greater than normal. Thus, the total annual rainfall 
during the first year of the study period was significantly above 
normal and during the second year about normal. 

Air Temperature 

Air temperature controls water temperature, which has a 
profound effect on the aquatic systems in an area. The 
saturation concentrations of dissolved gases in the water and the 
rates of respiration of organisms in the·ecosystem are also 
affected by temperature. Mean monthly air temperature data for 
the Pensacola Regional Airport are presented in Figure 4-4 (U.S. 
Department of commerce, 1972 to 1974, b). Normal mean monthly 
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October 1972 - September 1973 

October 1973 - September 1974 

153 observations of Calm 

~ 

~100 

' :i 75 
.!! 
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> 
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.c 
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0 o ..... .....,i.a..11:111. 
1-4 10·14 

5-9 15-24 
Wind Speed (mph) 

(Observations every three hours) 

221 observations of Calm 

Figure 4-2. Wind roses 
for October 1972 
September 1974. 

at Regional Airport, 
to September 1973, 

Pensacola, Florida 
and October 1973 to 
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·'!able 4 - 2. ri,_!.:ill u1lJ:1t_;1 ... y :.,:ind velocities (krn/t,r) ,~,;.. at Pensacola 
:·_(:•JirJndl .;iq_,o;::t. 

Month 

1970:: to H73 1'173 tJ 197:. 1941 to 197J* 

C c t o ::.h~ r 1 J. 2 1 2. 1 1 i. 9 

Nov,! ;~i ,er 1 ) • S 1 J. 2 12. 9 

[eCCill~ler , j • ;: 17.2 14. 5 

Janai.iry 1 j. 6 1 J. ) 1 4. 3 

February , '.). 4 1S. 'j 1 5. 1 

March 1 7. 2 1 5. J 1 s. 3 

April 1}.9 1 5. 9 15. 1 

May 1 'J. 1 1 4 • 2 13. d 

June 1 2. 2 1 2. 7 , 2. 1 

July 1 1 • 1 1 1 • 1 1 '.1 • d 

Aug u~,t 9.S Y.B 1 J. 5 

Sept•Jmucr 1 3. 2 1 3. 5 12. 4 

Yei:l r 1 4. 3 1 3. 7 13. 4 

--------------- ·------------------------------------------------------
* Nurmals 
* * k 111/ hr X (. • t- 2 ~ = m [..I h 
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Figure 4-4. Mean monthly a•ir temperature at Regional Airp~rt, 
Pensacola Florida for October 1972 througb September 1974. 

4-7 



temperature data for the period of 1934 through 1973 are als~ 
presented in the figure. Normally, January is the coldest month, 
with a mean temperature of about 12°c, and the highest mean 
temperature of about 27°c occurs in July and August. Mean 
monthly temperatures during October 1972 through September 1974 
followed the same trend as the normal mean temperature, but ~ere 
usually slightly .higher. 

POPULATION 

The population of Escambia and Santa Rosa counties is 
expected to more than double between 1970 and 2010. Population 
trends for this area between 1900 and 2010 are shown below: 

Thousand persons (from Henningson, et al., 1975) 

1940 

91 

ECONOMY 

1950 

131 

1960 

203 

1970 

244 

1980 

327 

1990 

427 

2010 

570 

Pensacola Bay is an excellent, easily defended harbor and due 
to this, a military base and the City of Pensacola developed on 
its shores. In the late 1800's, Pensacola was a world timber 
center. Unfortunately, due to poor reforestation practices, this 
industry diminished in importance. Reforestation of the land led 
to the development of the paper industry in the area. 
Historically, agriculture and commercial fishing were extremely 
important to the economy of the area, but, at the present time 
manufacturing has surpassed them in importance. The Naval Air 
Station at Pensacola has been and is an important part of 
regional economy. 

The proximity of Pensacola to the Gulf of Mexico and the 
abundance of.historical landmarks has made this. area a tourist 
attraction. The beautiful beaches and water resources of the 
area have contributed to the development of motels, restaurants, 
recreational related and travel oriented businesses. 
Unfortunately, Pensacola fell from the fifth to the thirteenth 
most visited city in Florida between 1961 and 1970. This 3dverse 
effect on tourism is believed to have been caused by a decline in 
water quality (Henningson, et al., 1975). 

The. economy of the area is characterized by a lack of 
industrial diversification, because there are only four major 
classifications of industries in the area: chemicals, lumber and 
wood products, food products, and stone, clay, and glass. These 
industries employ about 7,200, 2,400, 1,000 and 800 persons, 
respectively, (1967 census of manufacturing, p. 10-15, cited by 
Henningson, et al., 1975). The Pensacola Naval Air Station and 
outlying bases employ about 19,000 military and civilian 
personnel. Thus, of the 65,500 persons from this area that had 

4-8 



non-agricultural employment in 1969 (Henningson, et al., 1975), 
22 percent or 14,300 were employed in manufacturing and 29 
percent were employed by the military. Other employers besides 
industry and the military include retail stores, construction, 
and tourist-oriented trades and services. 

RECREATION 

Outdoor recreational opportunities in the Pensacola area are 
centered around water-borne and water-related activities. Water 
bodies available for recreation includ·e large portions of the 
estuarine zone and the coastal waters of the Gulf of Mexico. 
These waters have become increasingly important as recreational 
resources because of the nearness of the major population center 
in northwest Florida. Popular features that attrac·t people, both 
residents and•visitors, include renowned, white-sand beaches, 
sparkling blue waters, picturesque bays, and mild climate. 

Outdoor act.ivities, enjoyed by all age 
similar in type, but often not in degree, 
sundrenched estuarine and coastal waters 
usage includes: 

Boating (sail, motor, canoe) 

swimming and wading 

Fishing (boat, pier, beach, and jetty) 

Water skiing and surfing 

scuba diving and snorkeling 

Picnicking and camping 

.groups, are generally 
to those in other 

of Florida •. Specific 

Other shoreline activities (sunbathing, shelling, hiking, 
bird watching) 

Waterfowl hunting 

Aesthetic enjoyment. 

The four most popular activities enjoyed by all age groups 
are, swimming, sunbathing, boating, and fishing. Sailing has 
become increasingly popular, and a number of sailboat regattas, 
both local and regional.in scope, are held in Pensacola Bay and 
offshore waters during the warmer months. In Florida, fishing 
was recently cited as the main reason that tourists return, but 
precise information is lacking on the 'monies generated by sport 
fishing activ~ties in this area. During the warm summer months, 
crowds of people participate in swimming, sunbathing, and related 
shoreline activities. · 
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In Escambia Bay, outdoor activities largely center around 
boating and fishing. Beach activities are limited, partly due to 
the lack of access points and to the less attractive brownish
sand shoreline that must compete with the famous Gulf beaches. 
saltwater sport fishery in thP. bay and bayous and the popular 
freshwater fishery on the lower Escambia River and delta streams 
are major recre.ational outlets. In the fall, duck h11nting is 

_ ~ctively · p1:1rsued along .the shores· and backwaters of the river. 

Numerous. water-oriented services and industries in the 
Pensacola area are dependent on the tourist industry, 
part_i.cularly tho_se near -the beaches •. Included in this category 
ar.e, ,nqmer_ous .motels, restaurants, -boa~ agencies, marinas, tackle 
shops, charter boats, gasoline . ·stations, and other related 
services., -In turn, outdoo.r activities that. attract people· are 
-interwoven and dependent on maintaining .. ,.conditions of good wat'er 
quality. 

SPORT AND COMMERCIAL FISHER~ 

sportfishing in the Pensacola area may be divided, for 
discussion purposes, into three contiguous aquatic zones: Gulf 
water.~, estuarine waters, and fresh waters. Fishermen mu st 
travel .offshore, well beyond the sight of land to reach the more 
successful _ red snapper, grouper,. and billfishing grounds • 

. . Billfishing i~ becoming increasingly :popular and the established 
Pe.nsacola -International Billfishing · Tournament is held each 
summer. In the inshore or coastal waters, those with smaller 
boats · ac-ti v:ely · pursue the king mackerel, an extremely popular 
game and foodfish, from late spring until fall. Trolling ~ith 
feather jigs and cigar minnows is a favorite and successful 
method -for catching kings. In. April, the fishing season is in 
fuil swing by the time the cobia ('known locally as the ling) pass 
the area on· their. annual westwar.d migration to Mississippi 
waters. Other species that are take_n while trolling or casting 
include ladyfish, Spanish mackerel, and occasionally, dolphin, 
wahoo, and sailfish. .some spearfishing for groupers, flounders, 
and sharks occur around reefs and wrecks such as the u. s. s. 
Massachusetts which was sunk outside Pensacola entrance in 1922 
during a demonstration of railroad artillery. Surf and pier 
fishermen take w~iting ,(Menticirrus spp.) , pompano, red drum, 
bluefish, and black qr·:um; in addition to these species, king and 
Spanish .mackerel and. cobia are caught near the end of the beach 
pier. 

In the estuarine waters of the bays, sounds, and bayous, the 
most sought after speciE;!s is the speckled seatrout (or speck). 
Numerous fishermen will usually be found spin casting with jigs 
or lures or fishin~·with live~shrimp over the grass beds for this 
popular fish. The best fishing period is late spring to early 
summer. In Escambia Bay, the Land N Railroad trestle, which 
spans the bay, .is a favorite fishing site for specks in the fall 
and winterc 
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During the warmer months. schools of Spanish mackerel, 
crevalle jack. ladyfish. and Atlantic bonita. are found in the 
ope~ waters of the estuary. Spin casting and trolling are the 
most used fishing methods for these pelagic fishes. Other sport 
fishes. that mainly frequent the more salin~ portions of the bays 
and bayous. include flounders. red drum. striped mullet, king 
mackerel. spot, spadefish. sheepshead. and pompano. The mullet 
is a fine food fish that is rarely taken by hook-and-line, but 
when schooling. they are readily caught with snag hooks or cast 
nets. 

In Florida. when replacement bridges are built, the old 
structures are usually converted to stationary fishing platforms. 
such as the Pensacola Bay (three-mile bay bridge) and Santa Rosa 
Sound bridges. Maintaining old bridges for fishing purposes is 
not the case in some coastal states. Many avid bridge fishermen, 
often in family groups. travel long distances in order to bottom 
fish for white trout. Atlantic croaker. sheepshead, speckled 
seatrout. and flounder. Bridge fishing is such a popular and 
enjoyable pastime that many individuals camp and fish all night 
from these structures. 

Lower reaches of the rivers, such as Escambia. Blackwater, 
Yellow. and East Bay Rivers; are frequented by freshwater fishing 
enthusiasts. The largemouth bass, warmouth. channel catfish, red 
ear, and spotted sunfish form the bulk of the catches. The last 
two species are more readily known in this region by their 
colorful vernacular names, whith are "shell cracker" and "stump 
knocker," respectively. Results of two recent,creel surveys on 
the lower Escambia River are analyzed in Chapter 10. 

Although there are no statistics on the marine sport 
fisheries of the Pensacola area, the value and magnitude of this 
resource can be inferred from regional figures for the eastern 
Gulf of Mexico (Deuel, 1973). In the 1970 saltwater angling 
survey, the eastern Gulf was defined as the area along the Gulf 
coast from the Florida Keys to the Mississippi River Delta. 
The estimated number of saltwater fishermen and their catches 
were: 

Number of fishermen 

Number of fishes caught 

Total weight of fishes 

Fishing a~ 
Ocean Estuarx Total 
------------Thousands-----------------

633 

42,352 

111,177 

915 

146,336 

222,943 

188,888 

334,120 

There was no fi~m total for the number of fishermen, because some 
anglers fished fn both areas. However, approximately 1.5 million 
individuals participated in saltwater sport fishing in the 
eastern Gulf in 1970 and caught an estimated total of 189 million 
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fishes; the average catch rate was 122 fishes (or 216 lbs) per 
angler per year. Of the total saltwater catch, 78 percent of the 
fishes were caught in various bays, sounds, and tidal rivers of 
the estuarine zone. A recent survey revealed that a total of 
349,000 private recreational boats were used in saltwater fishing 
in the Gulf of Mexico from November 1972 through October 1973 
(Ridgely, 1975). 

From different regions of the country, it has been estimated 
that 65 to 90 percent of the species in the·commercial landings 
are estuarine-dependent (Sykes, 1968). Estuaries provide an 
essential and irreplacable habitat for finfish and shellfish 
species at various phases of their life cycle. 

The importance of commercial fisheries to the economy of the 
Pensacola area can be judged from records of commercial landings 
in Escambia County during the past ten years (Florida Department 
of Natural Resources, 1964-72 and U.S. National Marine Fisheries 
service, 1974). Annual landings are comparable in terms of 
either dollars or weights, or both (Figure 4-5). However, 
weights are generally preferred for evaluatin3 fluctuations and 
trends because poundage is less influenced by inflationary 
increases than are dollars. 

Not all of the finfishes in the landinqs by county were 
caught in nearby estuarine and coastal waters. some may have 
been taken in distant waters, such as off Louisiana and Campeche, 
Mexico. However, more precise yields by area are kept for 
selected valuable species, such as shrimp and oysters. 

Annual poundage of finfish and shellfish in the commercial 
landings of Escambia County steadily increased from a low of 3.2 
million pounds in 1966 to a 10-year high of 5.6 million pounds in 
1973. The five-year annual catch in the 1969-73 period 
represented a 21 percent increase over the previous 196ij-68 
period (Table 4-3). 

The composition of the commercial landings in Escambia county 
in 1973 was: 

Species Pounds 

Fishes 4,649,294 

Blue Crab 69,451 

Spanish lobster 62 

Oysters 7,287 

Shrimps (heads-on) 906~133 

Squid 12,516 
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Figure 4-5. Trends in the commercial landing of finfish and 
shellfish in Escambia County, Florida, 1964-1973. 
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An additional 25,659 lbs of oysters were harvested from the 
beds in East Bay and landed in Santa Rosa County. Although the 
political boundary of Santa Rosa County encompasses the eastern 
half of Escambia Bay, all of East Bay, and portions of Pensacola 
Bay, 95 percent of the total catch from the Pensacola Bay system 
and adjacent offshore waters were landed in Escambia County. 
Therefore, the values presented in Figure 4-5 and Table 4-3 for 
the Pensacola area were depressed by roughly five percent. 

During the past 10 years, the dollar value:of · the landings, 
which represented monies paid to the fishermen or wholesale 
value, increased from 643 thousand dollars in 1964 to 2.1 million 
dollars in 1973. This was more than ·a three~fold increase. 
However, no adjustments were· made for inflationary increases 
since 1964. Processing, distribution and retailing create a t~o
fold increase in the retail price over the wholesale or dockside 
value. Thus, the commercial fishing industry generated over four 
million dollars in the local economy in 1973. 

'!able 4 - J. 1'otal ccmmeccial landin9s ot finfish and shellfish in 
Escambia county, Florida from 1964 thr:ough 197.1. 

-----------------------------------------------------------------

196 4 

1965 

1966 

196 7 

1968 

196 9 

1970 

1971 

197 2 

197 3 

Annual average 

five-year average 
( 19 6 4- 1 9 6 8) 

Five-year: avcr~ge 
( 19 6 9- 197 3) 

Lan:1ings 

Pounds Dolldr:s 

3,367,085 643,874 

3,480,821 772,822 

3,170,07.5 88'3,475 

3, 291, 330 923,668 

4,119,232 1,191,7.18 

3,626,58:3 1,039,101 

3,915,52(} 1,039,607 

3,916,0C·7 1,395,483 

4,968,878 1,757,793 

5,644,743 2,115,015 

3,950,028 1,176,258 

3,485,709 88~,258 

4,414,347 1,469,4CO 

-------------------------------------------------------------------
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5 - POLLUTION SOURCES 

. POINT SOURCE DISCHARGES 

Introduction•. 

An aquatic .estuarine - ecosys.tem · must ·have external0 energy 
sources t.o function at a productive ·level. •,For· each estuary 
there is an optimum productivity level-based on. the bathymetry, 
hydrodynamics and climatology of the .system. At this level, 
energy sources are utilized without causing, water ... · ·quality 
problems such as depressed dissolved oxyqen. In some cases, 
waste discharges may provide energy sources that increase the 
productivity of a system to its optimum level; unfortunately, in 
the majority of cases, waste discharges cause over-production 
that results in water quality problems. Thus, a knOw'ledge of 
waste discharges into the Pensacola Bay system is extremely 
important in evaluating the condition of the system. 

Although the study area is the estuarine reaches of the 
Pensacola Bay system, information on waste discharges for the 
entire drainage area of Escambia Bay will be provided in this 
chapter. 

Methods 

Specific surveys of point source discharges were not 
performed by the Escambia Bay Recovery Study. The data discussed 
in this section were plant self monitoring reports obtained from 
the Florida Department of Environmental Regulation (FDER), 
Regional Office, Gulf Breeze, Florida; compliance monitoring 
conducted by the u.s. Environmental Protection Agency (USEPA) and 
its predecessor agency, the United States Department of Interior, 
Federal Water Pollution Control Administration (USDI, FWPC~). 

Results 

General 

There are a total of 23 significant (wastewater flow greater 
than 378 m3 /day or 0.1 mgd) municipal-private domestic point 
sources and 10 significant industrial point sources discharging 
into the Pensacola Bay system and its tributaries, the Escambia, 
Blackwater, and Yellow Rivers. The locations of these point 
sources are shown in Figure 5-1 • 

. To control point source discharges, the National Pollutant 
Discharge Elimination System (NPDES) was established by Public 
Law 92-500 (92nd congress 5.2770, October 18, 1972, Federal Water 
Pollution Control Act Amendments of 1972, Section 402). Under 
this system, permits are issued to each point source specifying 
the· quantities of pollutants that may be discharged into surface 
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Hlr.llCIPAL POINT SOURCE FACILITIES 
J.\'DUSTR!AL POIST SOURC[ fAClLITIES 
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Figure 5-1. Map of location of point sources. 
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waters. Most of the permits issued contain interim and final 
effluent limits. The interim limits usually reflect th€ amount 
of waste water discharged when the permit was issued. The final 
limits are designed to reduce plant dischar~es to an amount that 
can be obtained after best practical treatment for a given 
industrial wastewater or to a lower amount in areas where:water 
qu_ality problems exist. Final effluent limits become effective 
after the discharger has had adequate time to construct 
facilities to meet the limits. The period of time required to 
meet the final limits is determined when the permit is issued. 
Information concerning NPDES permits for principal point sources 
discharging into the Pensacola Bay system· and its tributary 
rivers is presented in Appendix 5-1. 

Information on all significant point sources of waste in the 
tributary area to the Pensacola Bay system is provided in 
Appendices 5-2 and 5-3 for industrial dischar~es, and Appendix 5-
4 for municipal-private domestic discharges into all rivers and 
bays. 

Principal Industrial Point Sources 

Container Corporation of America 

The Container Corporation of America, Brewton, Alabama, 
integrated kraft mill began operation in December 1957 with an 
average daily production of 272 MT/day (300 tons/day) (Alabama 
water Improvement Commission 1962), and production increased to 
1043 MT/day (1150 tons/day) of paperboard in 1975, of which 
approximately 50 percent is bleached (USEPA compliance monitoring 
report for January 1975 study). 

Wastewaters from this facility are from the unbleached pulp 
process, bleach plant, and wood yard. Unbleached pulp process 
wastewaters are treated in a clarifier, liquid oxygen applicator, 
aeration basin, and oxidation pond; and then they flow through a 
creek, swamp, and six natural lakes before discharging into the 
Conecuh River, about 80 km (50 mi) upstream of Escambia Bay. 
Bleach plant and woodyard effluents go directly to the creek, 
swamp, and lake system. Sanitary wastewater~ are discharged into 
the clarifier to provide nutrients for treatment of unbleached 
pulp process wastewaters. 

Effluent loadings from the Container corporation of America 
Mill have decreased between 1969 and 1975 (Table 5-1). Using 
196J as a base, the BOD 5 effluent load discharged into the 
Conecuh River decreased between 1962 and 1969. The 8OD 5 loading 
was 30 percent less than the 1969 base during the January 1975 
survey. 
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Monsanto Chemical company 

The Monsanto Chemical company Pensacola Plant began 
manufacturing nylon in December 1953 (USEPA, 1972a). Nylon 
production increased by 300 percent during the period 1953 
through 1962 and by an additional 400 percent during 1963 to 
1972. The principal products of the plant include nylon 
intermediates and finished nylon. 

concentrated wastes generated at the plant.are collected in a 
separate system and disposed of by deep well injection. other 
waste streams, reported by the company to contain cooling water 
and materials from spills, are discharged through two outfalls 
into the Escambia River. The north outfall receives effluents 
from the yarn manufacturing area and the research and development 
building. The main outfall receives effluents from the remainder 
of ·the plant. sanitary wastes are treated by a primary treatment 
plant and then discharged into a lagoon, which supplies makeup 
water for cooling towers • 

. In the past, Monsanto Chemical Company Pensacola Plant 
discharged a large quantity of waste into the Escambia River. 
The chemical oxygen demand load discharged by the Pensacola Plant 
from 1954 to 1972 is presented in Figure 5-2 (Monsanto Chemical 
Corporation self monitoring data). An extremely high average 
annual load of 61,200 kg/day (135,000 lbs/day) was discharged 
into the .Escambia River in 1955. The waste load decreased until 
1959, and then increased until 1963, when a peak average annual 
load of 33,100 kg/day (73,000 lbs/day) was discharged. Waste 
injection wells were installed after 1963 and the discharge to 
the Escambia River decreased steadily after that time. 

The five-day biochemical oxygen demand (80D5 ) load discharged 
by the Pensacola Plant has decreased by 92.6 percent bet#een 
September 1969 and January 1975 based on USEPA monitoring studies 
(Table 5-2). Mean monthly BOD 5 waste loadings (self-monitoring 
data) indicate discharges vary considerably, but a general 
downward trend is evident (Figure 5-3). The exception to this is 
relatively large discharges in May and July 1972, and small 
discharges in September and November 1972, and January 1973. 

Total nitrogen and phosphorus discharges have decreased by 
93.8 and 96.5 percent, respectively, between September 1969 and 
January 1975, based on USEPA monitoring data (Table 5-2). Mean 
monthly self-monitoring data (Figure 5-4) indicated the quantity 
of total nitrogen discharged was relatively constant during 1971 
through 1974. During the same period, the mean monthly total 
phosphorus effluent load was extremely variable and no trends 
were obvious. 
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Table 5 - 2, Summary of data collected ~t Mons1nto :bemical Co,, Amaric1n :y1n1mid :3,, ¼nj Air Products 1nd :hami=als, In=, 
by the U, 5, Environmental Protection Agency and its predecessor agencies, 

Date 

!ION SANTO :UEMICllL 

Sep, 1953 

ear. 1972 

Feb. 1974 

Jan. 1975 

AMERICAN CYANAtllD 

Sep; 1953 

Kar. 1,;J;.i 

Feb, 197 4 

Jan, 197 ':> 

AIF. 1.'nOCUC1'$ AND 

Sep, 1%9 

Mar. 1972 

Jan, 1975 

Plow 

tcmd (1) 
(mgd) 

co. 

19t!. 7 
(52. 5) 

1n.2 
(33.6) 

112, 4 
(29. 7) 

79.5 
(21. 0) 

co. 

1 7, C 
(4. 5) 

2G.4 
(':>.!.I) 

16. 3 
(4. 3) 

16,4 
(4. 33) 

CHEMICALS 

19,7 
(5. 2) 

6,8 
(1. 8) 

3,8 
( 1 • C) 

BOD5 rss 

kg/day J change k~/day I ch1nge 
(ppd) (ppd) 

456) 
(1G10C) 

526 -88,5 603 
( 1160) (133')) 

943 -79,4 1Y25 
(2_']8)) (4240) 

339 -n.6 
(746) 

2020 
(445'.') 

29J:' +:. 4. ') 46) 
(6390) ( 1020) 

152-J - 2 s. '.l 366 
(3350) (8•:61 

32ao +62,0 32 9 
(724J) (72 5) 

130 
(290) 

84 -35.G 12 ,. 
l 105) (26 CI 

29 -18,0 26 
(64) (Sd) 

Total-Nitrogen rot:11-Phosphorus References 

k-J/day % change kg/lay i chauge 
(ppd) (pp:l) 

1452 19 1 OSDI, 1970 
(32(:,) (4211 

3)3 -79.1 27 -85.7 OSEPA, 197 2:l 
(6681 (6(.J 

263 -8 1. 9 20 -09.3 USEPA, compliance 
(5801 (4S) m:>nitoring report 

90 -93,8 6,7' -96,5 USEPA, compli:1.n=e 
I 1981 ( 14. 7) m:>nitoring report 

22c: 1.0 USDI, 1970 
(lli:15C) (3. 0 I 

J 

175j -:2 J .o 3,0 USE PA, 1972b 
(385C·) (6. J) 

127C -!i2. 0 ·US EPA compli:1.nca 
(2 oC:) monitoring report 

14 80 -33,C USEPA, complian=e 
( 32 6J) monitoring re port 

2:,6:} 145 USDI, 1970 
(56 5:,1 (32J I 

14 5: -43,G 18 -89.G US~PA, 1972c 
(319J} (39) 

5~u -7 ti. J 7 -95,:) USEPA, compliince 
l 12 2G) ( 16) monitoring report 

------------------------------------------------------------·--------------------·----------------------------------------------
(1) thousand cubic meters per day 
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American Cyanamid company 

The American Cyanamid company, Santa Rosa Plant, has produced 
acrylic polymer from acrylonitrile and methyl-methacrylate 
monomers since 1958. The monomers are reacted, wastie:d, stored, 
and, when needed, dissolved in sodium thiocyanate solvent. The 
dissolved polymer is passed through spinnerettes which produce 
continuous fibers. The solvent is separated from the fiber by 
countercurient washing with water. Solvent recovery is built 
into the manufacturing process, and more than 99 perc~nt of the 
solvent is recovered and reused. The fiber is then subje-cted to 
further mechanical processes of crimping, cutting, and bailing. 
Fiber production in September 1969 was about 103 MT/day (114 
tons/day) (USEPA 1972b) • Fiber production was about 107 MT/day 
(118 tons/day) in March 1972 and increased to 122 MT/day (135 
tons/day) in 1974 and early 1975. 

/ 

Treatment facilities ·at· the plant consist of two 1. 6 ha (4. O 
acre) baffled lagoons. The ·influent to the lagoons is composed 
of process and primary treated sanitary wastewaters. Sanitary 
wastes receive preliminary treatment through~ manual bar screen 
and two Spirahoff units. ' The effluent iif' dischar~ed into 
Escambia Bay through a 1524 m (5000 ft) submerged outfall.wi~h 
·three diffusers spaced ~t intervals of 183 m (600 ft). under'the 
terms of the American Cyanamid company NPDES permit. (No. 
FL0002593), their facility shall commence discharging into a deep 
well disposal system by May 31, 1975. This deep well will be an 
interim method of waste disposal. This company is required to 
perform treatability and pilot plant studies for surface 
treatment of the total plant waste by March 31, 1978. 

Four studies of the American Cyanamid Plant were performed by 
USEPA and its predecessor agencies (Table 5-2). The BOD5 
discharge loading from the Santa Rosa Plant increased by 62 
percent between the September 1969 and January 1975 surveys. The 
total nitrogen load discharged by the plant decreased by 33.0 
percent between the same surveys. 

Monthly average effluent data from 1971 through 1974 for 
BOD 5 , total nitrogen. and total phosphorus and cyanide indicated 
the discharge varies considerably. 

The monthly average BOD5 waste loading from the plant was 
very erratic and there was a decrease in the discharge in late 
1974 (Figure 5-3). 

Total nitrogen discharges by the plant were relatively 
constant between October 1971 and September 1974 (Figure 5-4), 
with the exception of an extremely high mean monthly discharge in 
October 1973. The quantity of phosphorus discharged by this 
plant was extremely small (Figure 5-5). The quantity of cyanide 
discharged by the plant decreased drastically between late 1971 
and early 1972 (Figure 5-6), and remained relatively low 
thereafter. 
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Air Products and Chemicals, Incorporated 

The Escambia Plant was constructed in 1955, and it produces 
ammonium nitrate, ammonia, nitric acid, amines, urea, 
dinitrotoluene, and polyvinyl chloride. In 1970, methanol and 
mixed fertilizer (NPK) plants at this facility were closed. 

The wastewater treatment system at the plant consists of a 
3.2 ha (8.0 acre) anaerobic lagoon, followed by four aerobic 
lagoons with a total area of 29.4 ha (72~5 acres), and finally 
discharges into Escambia Bay. The plant has a serious problem 
with contaminated groundwater, which accounted for 50 percent of 
the total nitrogen in the'plant effluent (USEPA, 1972c). The 
plant has reduced this problem by improved housekeeping and by 
intercepting contaminated groundwater before it enters tbe lagoon 
system. 

Based on u. s. · Envir·onmental Protection Agency studies, BOO 5 , 

total nitrogen, and total phosphorus have been reduced by 78, 78, 
and 95 percent, respectively, between September 1969 and January 
1975 (See Table 5-2). 

Company self-monitoring data again indicated the effluent 
loads from this plant were variable. Mean monthly BOD5 effluent 
loads discharged in 1973 and 1974 were much lower than the 1971 
effluent loading (Figure 5-3). 

The mean monthly total nitrogen loads discharged were 
extremely high during the last half of 1970 and 1971 ·(Figure 5-4) 
and decreased steadily after- April 1974. 

Monthly average total phosphorus discharges by the plant were 
extremely erratic between June 1970 and September 1974 (Figure 5~ 
5) • 

Gulf Power corPoration 

The Gulf Power Corporation steam plant is located 5.3 km (3.3 
mi) upstream of the· mouth of the Escambia River. This fossil 
fuel electric generating plant produces 10,791 MWH of electricity 
(application for corps of Engineers Discharge Permit - EPA, NPDES 
permit - dated July 13, 1971). The effluent consists of 1.09 x 
106 m3/day (288 mgd) of cooling water, 16.3 x 103 m3/day (4.3 
mgd) of ash sluice water, and 21.9 x 103 m3/day (5.8 mgd) of 
cooling tower blowdown. Under the conditions of the NPDES permit 
(No. Fl0002275) issued to this plant, off-stream cooling 
facilities for the entire discharge are to be operational by 
February 26, 1976. 
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U.S. Naval Air Station, Pensacola 

A primary mission of the Naval Air Station (NAS) at Pensacola 
is to overhaul and rework aircraft, including air frames and 
aircraft engines (USEPA, 1972d). The base population of 
approximately 16,755 people includes naval personnel,. dependents, 
and civilians. 

The wastewater treatment plant provides the equi1rp.lent ._ of 
secondary treatment for all domestic and industrial wastes from 
the station (USEPA, 1972d) • This system includes- an old -primary 
plant, which treated the domestic wastes prior to constr11ctt~~-<:>f 
the pre·sent 3. O mgd combined treatment plant o The . was:tewater 
flow is about two-thirds domestic and one-third industrial.. The 
Navy plans to i~crease the old primary portion of the wastewater 
treatment plant to 9.5 x 103 m3/day (2.5 mgd). Before the 
existing waste treatment plant began .operation, several waste 
streams (with. and without treatment) discharged into Pensacola 
Bay from various locations around the station. At the present 
time, the effluent is discharged into Pensacola Bay through a 
submerged outfall line, 61 cm (24 in) in diameter and 732 m 
(2,400 ft) in length. 

In March 1972, the USEPA (1972d) collected a single 24-hour 
composite sample at the polishing pond discharge (prior to 
chlorination) of this facilit·y. The organic load discharged from 
this facility was 42 lbs/day of BOD 5 , 988 lbs/day of COD, 382 
lbs/day of organic carbon and 146 lbs/day of oil and grease. 
Metal ,analyses showed that the discharge into Pensacola Bay also 
contained 1.3 lbs/day of total chromium, 0.7 lbs/day• of 
manganese, and 0.7 lbs/day of zinc. The daily discharges also 
contained O. 2. lbs of phenqls and O. 3 lbs of cyanide •. The metal, 
phenol, .and cyanide loadings are relatively small and should not 
significantly contribute to the concentration of these substances 
in Pensacola Bay. 

U.S. Naval Air Station, Whiting Fiel1 

The treatment facility at the Naval Air Station, Whiting 
Field, Milton, Florida, was constructed in the 1940 1 s. Treatment 
consists of grit removal, primary clarification, standard rate 
trickling filter, secondary clarification, chlorination,. and 
aerobic sludge digestion. The effluent is discharged into Clear 
Creek, a tributary of the Blackwater River. 

~rincipal Municipal-Private Domestic Point Sources 

City of Pensacola, Main Street Plant 

The Main street Wastewater Treatment Plant-serves a majority 
of the population in the Pensacola metropolitan.area. rhis 
activated sludge secondary treatment plant was designed for a 
sewage flow of 34. 0 x 103 m3/day (9. O mgd) , : and presently serv_es 
a population of 55,000 and numerous industries ,(Table . 5--3). 
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Treatm~nt provided at the plant consists of screening, 
pr~aeration, grit removal, primary settlin~, activate1 sludge 
aeration, secondary SEttling, chlorination, anaerobic digestion, 
vacuum filtration of sludge, and sludge disposal in a landfill. 
The effluent is discharged through a 121 cm (48 i~) diameter 
submerged outfall line which extends 853 m (2,800 ft) into 
Pensacol3 Bay. In addition to receiving domestic waste, the Main 
Street Treatment Plant receives between 7.6 x 103 and 11.3 x 10 3 
m3/day (2.0 and 3.0 mgd) of industrial waste (USEPA, 1972d). 

In March 1972 a survey of the plant by the USEPA (1972d) was 
performed. Operating reports indicated that the plant was 
providing 80 to 90 percent treatment at that time. Based on one 
composite sample, 800 kg/day (1800 lbs/day) of BOD5 , 1300 kg/day 
(2900 lbs/day) of total suspended solids, 1100 kg/day (2400 
lbs/day) of total nitrogen, and 290 kg/day (633 lbs/day) of total 
phosphorus were discharged. 

The mean monthly BOD 5 and TSS waste loads discharged by the 
Main Street Wastewater Treatment Plant in 1973 and 1974, based on 
self-monitoring data, were extremely variable. The annual 
average BOD 5 loads discharged in 1973 and 1974 were 570 kg/day 
(1263 lbs/day) and 870 kg/day (1920 lbs/day), respectively; and 
the ranges of BOD 5 discharges were 157 to 1035 kg/day in 1973 and 
547 to 1298 kg/day in 1974. Removal levels of BOD5 were 92.9 
percent in 1973 and 88.2 percent in 1974. In 1973 the mean 
annual suspended solids discharge was 940 kg/day (2080 lbs/day) 
and in 1974 the mean annual load discharged was 1120 kg/day (2460 
lbs/day). Between February and September 1974, an average of 230 
kg/day (510 lbs/day) of nitrate nitrogen and 160 kg/day (350 
lbs/day) of total phosphorus was discharged. The mean flow from 
the plant during 1974 was 34.0 x 103 ml/day (9 mgd). The plant 
reported exceptionally high flows for June through November 1974 
due to high industrial discharges (letter from D. M. Heath, 
Department of Public Utilities, City of Pensacola, Florida, 
February 12, 1975). 

To serve the future population of the Pensacola area, the 
City of Pensacola is planning to expand this plant to 75.6 x 10 3 

m3 /day (20 mgd) and provide advanced waste treatment. Plans al·so 
include the extension of the outfall line in Pensacola Bay 
(letter from D.M. Heath). 

City of Pensacola, Northeast Wastewa~er Treatment Plant 

This wastewater treatment plant began operation in 1962, and 
serves a population of approximately 11,000. The design flow of 
the plant is 3.8 x 10 3 ml/day (1.0 mgd). The waste undergoes 
screening, preaeration, grit· removal, primary settling, 
biological treatment using trickling filters, chemical treatment, 
secondary settling, effluent chlorination, and disposal throu~h a 
550 m (1,804 ft) outfall line discharging into Escambia Bay just 
south of Devils Point in 1.4 m (4.5 ft) of water (NPDES permit 
application). · 
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Table 5 - 3, 
plant. 

Maior industrial discharges tc the Main Street wastewater treatment 

Industry 

Aqrico ChPmical Co. 

Armstronq Cork co. 

Ashland Chemical Co. 

Beasley Packing Co. of Florida, Inc. 

Borden Co. 

Escambia ireatinq co. 

Florida Sausage co., Inc. 

Gulf Coast Platinq, Inc. 

Pepsi-Cola nottling co. of Florida, Inc 

Tenneco Chemicals, Inc. 
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Pretreatment 

Lime treatment - holding pond 

Solids Removal - Neutralization 

Holding Pond 

Holding (Evaporation) Pond 

Solids Removal - Neutralization 



The effluent from the Northeast wastewater Treatment Plant 
was sampled by the U.S. Department of Interior (1970) in 
September 1969, and 207 kg/day (457 lbs/dayt of BOD 5 , 765 kg/day 
(1,688 lbs/day) of total nitrogen, and 97 kg/1ay (213 lbs/day) of 
total phosphorus were measured. In the report on the above study 
the flow was estimated at 3.8 x 10 3 m3/day (1.0 mgd) but the City 
of Pensacola claimed that the flow was about 1.9 x 103 m3/day 
(0.5 mgd) during the study (USDI, 1970). Another survey was 
conducted by USEPA (1972d) in March 1972 and indicated the 
discharge contained 159 kg/day (351 lbs/dayl of BOD 5 , 60 kg/day 
(132 lbs/day) of total suspended solids (TSSt, 87 kg/day (191 
lbs/d~y) of total nitrogen, and 25 kg/day (56.lbs/day) of total 
phosphorus. The effluent flow of the plant was 1.9 x 10 3 m3/day 
(0.5 mgd) during this study. 

Based on self-monitoring data, the mean annual BOD5 and TSS 
levels in the effluent were 82 kg/day (181 lbs/day) and 101 
kg/day (223 lbs/day), respectively, in 1973; and 154 kg/day (340 
lbs/day) and 161 kg/day (355 lbs/day), respectively, in 1974. 
The average degree of BOD 5 removal was 92.5 percent in 1973 and 
84.2 percent in 1974 

The Northeast Wastewater Treatment Plant is being enlarged to 
treat 1.85 mgd. A higher degree of treatment than secondary will 
be provi1ed and by June 30, 1975 the plant will only be allowed 
to discharge 53 kg/day (116 lbs/day) of BOD5 and TSS, 63 kg/day 
(139 lbs/day) of total Kjeldahl nitrogen, and 15 kg/day (32 
lbs/day) of total phosphorus (NPDES permitt. The NPDES permit 
for this plant also states that operation of this plant will be 
discontinued when the Main Street Sewage Treatment Plant can 
serve this area on or before June 30, 1977. 

City of Milton wastewater Treatment Plant 

This 6.4 x 103 m3/day 
treatment plant was placed in 
consist of grit removal, 
trickling filters, secondary 
anaerobic sludge digestion. 
into the Blackwater River. 

(1.7 mgd) secondary wastewater 
operation in 1955. Treatment units 

primary clarification, high-rate 
clarification, chlorination and 
The plant effluent is discharged 

The USEPA (1972d) collected a 24 hour composite sample from 
this pla~t in March 1972, when the average flow through the plant 
was 3.8 x 103 m3/day (0.99 mgd). Analysis of the samples 
indicated that the amount of BOD 5 , TSS, total nitrogen, and total 
phosphorus loads discharged were 180, 98 103, and 35 k,g/day (396, 
215, 227, and 78 lbs/day), respectively. 

The quantity of waste discharged by the plant for a portion 
of 1974 (January through June, and August) based on self
monitoring data indicates that the BOD 5 load discharged has 
increased considerably since 1972 and the TSS load discharged has 
remained the same. The mean effluent flow during this period was 
4.9 x 103 m3/day (1.3 mgd) which was 76 ·percent of design flow. 
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The mean B0D 5 discharge load was 299 kg/day (659 lbs/day) with a 
range of mean monthly values from 200 to 387 kg/day (441 to 854 
lbs/day), and the mean monthly TSS effluent l~ad was 99 kg/day 
(218 lbs/day) with a range from 46 kg/day (101 lbs/day) to 176 
kg/day (387 lbs/day). 

Other Significant Point Sources 

The three industrial and twenty municipal-private. domestic 
point sources not discussed in the previous sections are 
described in Appendices 5-2, 5-3, and 5-4. 

Discussion 

The Pensacola Bay system and its total drainage area receives 
a consi1erable quantity of waste from man-associated point 
sources (Table 5-4). The total amounts of waste that can be 
discharged, based on present NPDES permit limits (in effect 
during Janaury 1975) or estimated permit limits for sources where 
permits have not been issued, are 10,198 kg/day (22,480 lbs/da~ 
of BOD 5 , 11,796 kg/day (26,000 lbs/day) of TSS, 5,474 kg/day 
(12,070 lbs/day) of total nitrogen, and 1,368 kg/day (3,016 
lbs/day) of total phosphorus. 

sixty percent, or 6120 kg/day (13,490 lbs/day), of the total 
quantity of BOD5 discharged, entered the estuarine reaches of the 
.system. The forty percent . of the B0D 5 discharge that entered 
freshwater reach~~, travels at least 50 km (31 mi) before 
arriving at the estuarine reaches and should be assimilated in 
the river. Escambia Bay received 34 percent of the total 
quantity of B0D 5 discharged by point sources to the system and 
Pensacola Bay received 17 percent. 

The estuarine reaches of the Pensacola Bay system received 30 
percent, 3,S40 kg/day (7,800 lbs/day), of the total quantity of 
TSS discharged by point sources. The Conecuh River received 69 
percent of the total TSS discharge by point sources, 8,193 kg/day 
(18,062 lbs/day), and this consisted mainly of the effluent from 
the container corporation of America paper mill which may 
discharge 4,490 kg/day (9,900 lbs/day). 

Most (79 percent) of the total nitrogen received 
Pensacola Bay system is discharged into the estuarine 
Of this, .43 percent .is discharged by point sources into 
Bay and 24 percent into Pensacola Bay. 

by the 
r'=:!aches. 
Escambia 

Sixty-four percent 
the system is received 
receives 44 percent of 
.lbs/day). 

of the total phosphorus discharged into 
by estuarine reaches. Pensacola Bay 

the total discharge, or 602, kg/d:iy (1,330 

Most of the discharges to the freshwater reaches of the 
Pensacola Bay system occur at·a distance of at least 50 km (31 
mi) upstream of the estuarine reaches of the system. Based on 
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1able 5 - 4. Summary of industrial and domestic - municipal point sour=es of:~ischarge into the 
Pensacola Bay system by dr-ainaye ar-ea. 

------------------------------------------------------------------------------------------------Total 
Suspended rotal rotal 

·trainage Area BOD5 Solids Nitrogen Ph.osphorus 

-------------- -------------- -------------- --------------Load Pee-cent Load Peccent Load Pe~c.ent Load Percent 
(kg/day) ( %) ( kg/day) (%) (kg/day) (%) (kg/day) (%) 

. . -----------------------------------------------------------------------------------------------
Conecuh River 3865 38 8193 59 1019 19 439 32 

Escambia River 511 5 11 3 1 271 5 39 3 

Elack'l.ater River 312 2 312 3 243 4 1(',4 8 

Yellow River 170 2 170 1 132 2 57 4 

.Escamhia Bay 3432 34 1039 9 2351 .4 3 63 5 
. 

Pensacola Bay 1685 17 1685 14 1308 24 002 44 

Santa Etosa Sound ( west <-.:!n d) 223 2 284 2 150 3 64 5 

----- ----- ----- -----
l'Otdl ky/day 10198 11796 5474 1368 

(ppd) (22480) (26000) (12:)70) (3016) 



the low concentrations of pollutants at the upstream end of the 
estuarine reach, these discharges appear to be assimilated .in.ihe 
rivers before they enter the estuaries. Consequ~ntly, ~at~r 
quality problems in the bays appear to be due to discharges 
entering the estuarine areas directly. 

filW-POINI' SOURCES 

Non-pqint sources of pollution into the Pensacola Bay system 
consist of: 1) urban stor~ water runoff; 2) agricultural. runoff; 
3) forest and ~wa~~ drainage and runoff; and 4) groundwater 
seep~g~,~ .in to stq:f ace waters. The first three categories are 
slug· type di$charges that occur during rainstorms. Urban storm 
water runoff usµ~lly contains substantial quantities of suspended 
solids, oxygen demanding materials, nutrients, bacteria, oil, 
grease, and miscellaneous debris such as sticks and paper. The 
pollutant load in urba~ storm water runoff depends on the amount 
of the above materi~ls present, the topography and type of ground 
cover· in the drainage basin, the intensity and duration of the 
rain storm, and the period· between rain storms. ~gricultural 
land runoff-pollutant loads depend on the type of soil, the type 
of agricultu+al activity, fertilizer types and application 
schedule, anq ratnfall patterns. Because of the ability of 
heavily vegetated forests, marshes, and swamps to hold runoff, 
the pollutant loads from this category are lower than the two 
categories previously discussed. However, intense rainfall may 
flush swamp waters containing low dissolved oxygen concentration, 
low pH, and some oxygen demanding potential into the bay system. 

In the Water Quality Management Plan for Escambia and Santa 
Rosa counties (Henningson, Durham and Richardson, 1975), unit 
values (per km2) of average annual BOD5 and nutrient loads for 
the three categories discussed above were developed from study 
area data and a literature review. These unit values are 
presented in Table 5-5. 

Groundwater discharges into surface waters consist of 
material from septic tank drain field leachate, sanitary landfill 
leachate, an,d. the pollutants described above that infiltrate into 
groundwaters. Pollutant discharges from groundwaters entering 
surface wate+s were not considered in this report. However, 
this contripution is significant and should be the subject of 
further sttidies. 

The average annual loading due to storm water runoff from 
urban, agricultural; and forest-marsh-swamp areas was 3,111, 676, 
and 205 kg/day of BOD5 , total nitrogen and total phosphorus, 
respectively. The breakdown of these loadings by system 
components are shown in Table 5-6, which only includes non-point 
source discharges directly into estuarine areas and the Pond 
creek drainage basin. The breakdown of land use and the 
pollutant discharges were obtained from Exhibit 6-2 of the Water 
Quality Management Plan (Henningson, Durham and Richardson, 
1975). The total land area considered in this analysis was 828.5 
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km2 (319.9 mi 2 ). The classification of this area for urban, 
forest-marsn-swamp, and agricultural use is 6~7, 74.3, and 19.0 
precent respectively. 

Pensacola Bay received the greatest quantity of B0D 5 and 
significant amounts of total nitrogen and phosphorus from non
point sources. Escambia Bay received the lowest quantities for 
each pollutant, because the bluff on the west shore of Escambia 
Bay" prevents most urban storm water runoff from entering the bay. 
This·runoff entered the bay system through Bayou Texar which 
received i4 percent of the B0D 5 , io percent of the total 
riitrogen~ and 11 percent of the total phosphorus discharge·to the 
Pensacola Bay system. 

In reality, the discharge from storm runoff would occur as 
individual slugs and not continuously as inf erred in Table 5-6. 
The discharge loadings from stormwater runoff are comparable to 
the point source pollutant loadings discussed in the previous 
section, and, as is becoming evident in other sections of the 
country, control of these materials will have to be considered. 
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Patdmeter 

EOD
5 

'lotal Nitrogen 

1otal Phosphorus 

Onit Values (kg/day/km21 

Urban Agricultural Forest - Swamp 

12. 2 

1.8 

C,6 

7,7 

3.7 

0.6 

1, 2 

0.2 

o., 

Avecage non - point source pollutant discharges into the 
redches of the Pensacol3 Bay system. 

------------------------------------------------------------------------. . . 

Basin 

Escambia Bay 

Pensacola Jay 

Elackwa t~r River 

East ~3ay 

Total 

Area 
(Km 2 ) 

126. 9 

148. 7 

3 16. 2 

236. 7 

828.5 

80D5 
(kg/dayt 

433 

1,337 

884 

457 

) I 111 

Total 
Nitrogen 
(kg/dt1y) 

92 

20 2 

280 

10 2 

676 

rotal 
'PhospilOC'US 

(kg/day~· 

29 

69 

7•} 

37 

205· 
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6 - HYDRODYNAMICS 

BATHYMETRY 

The Pensacola Bay system is located in Escambia and Santa 
Rosa counties in the extreme northwest portion of Florida. The 
Bay system contains four sub-systems - Pensacola Bay, Escambia 
Bay, East Bay, and Blackwater Bay (Figure 6-1) • · 

The surface area and volume of the system were determined 
using coast and Geodetic survey Chart 1265 (17th Ed., Nov. 6, 
1971). The areas of the bays were found using a planimeter. The 
volume of the bays were determined by dividing each bay into 0.8 
km squares and determining the volume of each square using the 
mean chart depth for the particular square. The mean depth of 
each bay was obtained by dividing the volume of each bay by its 
area. Since the datum of the chart is mean low water, all 
dimensions presented in this section are with ·respect to mean low 
water. 

The total area of the Pensacola Bay system (Table 6-1) is 
372.9 km2 (143.8 mi2), and its total volume is 1,348.8 x 106 m3 

(47,640 million ft3). With respect to both surface area and 
volume, the Pensacola Bay sub-system is the largest, with East,· 
-Escambia, and Blackwater Bays following in descending order. 

FRESHWATER 
1

HYDROLOGY 

Introduction 

The freshwater discharge into an estuary affects the system 
in numerous ways. The relationship between river discharges and 
tides will dictate circulation patterns in the estuary, i.e., 
whether the type of circulation is two layer flow or homogeneous. 
The river discharge controls the salinity of the estuary which in 
turn determines the organisms that can live there. Large 
quantities of materials are transported into the estuary by river 
discharge. Some of these materials are nutrients, which. provide 
energy for the system, and others like suspended solids disrupt 
energy flows by diminishing light penetration i~to the water. 
Since all of these factors are related to, or controlled by, 
river discharge, it is necessary to understand variations in 
river discharge in order to evaluate a system. 

Methods 

All surface water records used to describe river discharges 
into the Pensa~ola Bay system were obtained from the United 
States Geological survey, (1934 through 1974), and from 
provisional. data supplied by the United States Geological- survey, 
District Office, Tallahassee, Florida. Information about the 
rivers that discharge into the Pensacola Bay system, and the o.s. 
Geological Survey streamflow gages located on them, are presented 
in Table 6-2. 
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Tabl" 6 - 2, 
and Yellow 

Dra inagc Uasin 

Table 6 • 1, Suuary of the bathymetry 'if the Pcns,,cola n•y system. (Ill daU witn 
respect to 11.ean lov water•-· t i;;. :;c; Chact 1205, 17tb EJ., Nov. 6, 1971.) 

Bay Surf.ace Area 
k11 2 mi2 

PENSACOLA BA~ S~BSYSTEH 

Pensacola Boy 133,6 51.6 

Bayou Grande J, 8 1,5 

Bayou :hico 1, 1 0,4 

Bayou re Kar 1, 5 0.6 

subtotal 140, C 54. 1 

ESC AHDlA BAY SUBSYS1'EH 

ESCdObia Bay 92, 6 35.7 

ftulatto Bayou 0.9 ) • 3 

subtotal 93,5 36, ,) 

BLACKWATE6 BAY SUBSYSTE! 

Blacl<vHer nay 24, 6 9.5 

CatfiR~ Basin 0,9 0,3 

subtotal 25, 5 9,B 

UST !IAY SUBSlSTEH 

East Day 1,J9, 4 4 2, 2 

East Bay Bayou 4,5 1, 7 

subtotal 113, 9 QJ,<; 

Grand Total 372.9 143. 9 

VOl\J,lllle 
•ill. m3 mill, f t3 

793.8 2804) 

10,3 364 

2. ~ 71 

2.8 99 

8)8.9 28570 

225,7 7972 

1. Q H 

217. 1 8'21 

• 1. 1 1o&4 

1.1 39 

a a. 2 17-)2 

259.3 9 158 

5.3 187 

264.6 9 34 7 

1H8,B 4764) 

'.1ean Depth 
ft 

5. 9 19,5 

2. 7 9,J 

1. 8 6. J 

1, 9 6, 1 

2,4 8.1 

1. 5 4,J 

1. 9 6.3 

1. 2 J.9 

2. 4 7.9 

1. 2 3.9 

----------------------------------------------------------------------------------
summary oc intor ■dtion about major 
aiver dra ioage basins. 

stred11flow ,a~ing statioos in the Escambia, a lack va ter 

Flo1t1/unit 7 d•y 
Draini.~e Mt!3.0 1rea ,, yaar Peri::,j 

Gage DO, Location of Gage a re\ flow 0 /S~C lo• f lo• of rec~rd 
k•:z. .11 3 /sac per km ms /sec 

(Di I l=fsl (cf• 2 1 (cfsl 

----------------------------------------------------------------------------------------------------------------
1ELtOW BIVE~ 336~ 

( 13) 51 

368•) Yellow River at ~illigan 1616 32 0. ·) 2 5. 7 July 1938 to 19H 
(6 2•1 I 1124 I (1,801 (2011 

369J Sho•l lii Yt!r n~ar Cre!:itView 122d JC c. J2 s. 5 July 193 8 to 19H 
(•H) I 1)51) (2, 22) (])1) 

BLACKWATEk ,IVEf, 2227 
(86 0) 

3705 Big Cold•ater 3.iver 614 14 ,) • 02 6. 1 Oct, 193 8 t, 19H 
near "ilton (237) (5151 (2, 17) (215) 

3700 Blackwater B: i ver Dear 531 9 0.02 1. 3 l!!lar. 1HO to 197" 
Baker (2C 5) (3J51 (1, 49) (64) 

ESCAftBIA RIVE3 10,963 
(Q23 3) 

)755 Escambia' Ri vei: near 9896 170 0,02 23,J Oct, 193U to 19H 
Century (]8171 (6 J 15) (1, 58) (8121 

376~ Pine Barren creek neac 195 0,02 1, 7 Oct, 1952 to 19H 
Darth (75, 31 (101) (1.87) (60) 

PON C <:BP.EK 

3707 Pond Creek neur 152 2 C,01 1,1 Jan, 1958 to 197" 
ftilton (58, 71 (72, 9) (1.241 (38) 

!otal Draioag~ Area 16,722 
(6457) 
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The estimated discharge for the Escambia River drainage basin 
was obtained by adding the flows for the Escambia River at 
Century and Pine Barren creek near Barth to the average of the 
unit flows at Pine Barren Creek near Barth, and Pond Creek near 
Milton, multiplied by the ungaged drainage area of the Escambia 
River Basin as follows: 

Q 
ESC 

Where 

= Q 
CENT 

+ Q 
PBC 

+~q + q ) X 882.4 
.__,;;P""'B;;...;Cc.-_...aP;...C;;;... 

2 

Q = Estimated Escampia River discharge - m3/sec 
ESC 

Q = Escambia River at Century, Florida, discharge -
CENT m3/sec 

Q = Pine Barren Creek near Barth, Florida, discharge -
PBC m3/sec 

q = Pine Barren creek near Barth, Florida - unit 
PBC flow m3/sec per km2 

q = Pond Creek near Milton, Florida, unit flow 
PC m3/sec per km2 

882.4 = Drainage area of Escambia River drainage basin 
downstream of streamflow gages -.km2 

The estimated discharges for the Blackwater and Yellow River 
drainage basins were calculated by assuming that unit flows were 
the same throughout the drainage basins and by multiplying the 
total gaged flows by 1.95 for the Blackwater River, and 1.24 for 
the Yellow River. These values are the ratios of the total to 
gaged areas of the drainage basin. 

To describe river discharge conditions during a particular 
study, a seven-day average flow referred to in the report as the 
"effective flow" was used. This flow· is the average flow for the 
date of the study and the six preceeding days. A seven-day 
average flow was used because the estimated time of travel on the 
Escambia River from Century, Florida, to the mouth is about three 
days under mean annual river discharge conditions, and the 
estimated time of travel for Escambia River water through 
Escambia Bay is four. days under mean annual river discharge 
conditions. If the study was longer than one day, the effective 
flow for the study was the average of the effective flows for 
each. day. 
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Results 

The Escambia River is the fifth la~gest river in Florida 
(Musgrove, et al., 1965). It starts near Union Springs, Alabama, 
as the Conecuh River and changes to the Escambia River near the 
Florida State Line. The drainage area is 10,963 km 2 (4233 mi 2 ) 

of which 10 percent is in Florida. The mean Escambia River 
discharge at Century, Florida was 170 m3 /sec (6,016 cfs) from 
1934 to 1974, and using the method described in the previous 
section, the mean discharge of the Escambia River drainage basin 
for 1935 to 1974 was 189 m3 /sec (6,687 cfs). Mean annual flows 
in the Escambia Ri·ver at Century, Florida, ranged from 82 'to 293 
ml/sec in water years (October through September) 1960 through 
1974 (Figure 6-2). The mean annual flow of 293 m3 /sec (10,350 
cfs) in water year ·1973 was the highest annual flow since 1960 
and the maximum monthly mean of 890 ml/sec (31,410 cfs} was also 
the highest since 1960. Water year 1974 was also a high flow 
year. Water years 1967, 1968, and 1969 had extremely low mean 
annual discharges. In fact, the lowest mean annual flON for the 
period of record, 82 ml/sec (2895 cfs), occurred in water year 
196 0. 

The mean monthly discharges, along with the minimum and 
maximum daily discharges for the Escambia River at ,Century, 
Florida, during water years 1970 through 1974, were variable as 
shown in Figure 6-30 This figure shows the pattern of high flows 
in March, and April and low flows in September, October, and 
November described by Musgrove, et al. water year 1973 began in 
October 1972 with an extremely low mean monthly flow of 25 m3 /sec 
(868 cfs). From Detember through June, river discharges were 
extremely high with a maximum mean monthly value of 890 ml/sec 
(31,410 cfs) in April 1973. River discharges decreased to a mean 
monthly value of 54 ml/sec (1917 cfs) · in October 1973. During 
water year 1974 high flows occurred in January, February, and 
April. Low flows occurred in July, and an unusually high mean 
monthly flow of 235 m3 /sec (8,305 cfs) was measured in September 
1973. This high discharge ·was 'due to rains from Hurricane 
Carmen. 

The mean annual discharges of the Escambia River at Century, 
Florida, for water years 1935 to 1974 ranged from 82 to ·296 
m3 /sec (Table 6-3). Water years 1967, 1968, and 1969 were 
extreme low flow years and only eight, none and three years, 
respectively, had lower mean annual flows. Water year 1972 was 
also an extremely low flow year and only nine years had lower 
mean, annual flows. The mean annual discharge of 293 m3 /sec 
(10,350 cfs) in water year 1973 was only exceeded once during the 
period of record. The mean annual discharge for water year 1974 
was 190 m3 /sec (6,708 cfs) and was exceeded by 12 years during 
the period of record. 

The Escambia River flooded in 
flow of 2,097 ml/sec (74,100 cfs) 
years, was measured at Century, 
flow of 1,221 ml/sec_ (43,100 cfs) 
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Table 6 - 3. Mean annual dischar~e of the Escambia River 
at Century, Florida for water years 1935 tb~ough 1974. 

--------------------------------------------------------
Mean Annual Mean !\.nnual 

Bank Year Plow 
m 3 /sec 

Rank Year ·Flow 
m 3 /sec 

---------------------------------------------------- -
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1q 
20 

1968 
1956 
1 951 
196 9 
196 3 
1950 
1955 
1941 
196 7 
1972 
1953 
1952 
1945 
1958 
1957 
1954 
1935 
1959 
1937 
1966 

82 
U7 
93 

1 C• O 
101 
103 
108 
112 
120 
127 
12 8 
13 2 
139 
14 2 
14 2 
148 
148 
15 7 
169 
173 

21 
22 
23 
24 
25 
46 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

1940 
1962 
1933 
1942 
19 70 
1964 
1939 
1974 
1965 
1936 
1943 
1971 
1948 
1~61 
196:') 
191J7 
19 4 ::I 
1946 
1973 
1944 

173 
174 
181 
183 
183 
107 
189 
1':M 
191 
1 ➔ 8 
203 
210 
212 
224 
239 
243 
278 
234 
293 
2')6 

--------------------------------------------------------

having a return period of three years. The return periods are 
based on an analysis of annual maximum daily flows for the 
Escambia. River _·at Century, Florida, 1929 - 1971, performed .by 
Rumenik (letter dated April 17, 1973 from Roger P. Rumenik, U.S. 
Geological Survey, Tallahassee, Florida). The maximum discharge 
for the Escambia River was estimated to be 8,921 m3/sec (315,000 
cfs) in March ·1929 by the _U.S. Geological survey based on 
information from local residents. 

The seven-day, 10-year low flow, which is usually used to 
describe critical low ·flow conditions, was 23 m3/sec (812 cfs) 
for the Escambia River at Century, Florida, during the period of 
record (Stone, 1974) ~ The seven-day low flows for 1973 and 1974 
were 17 m3/sec (605 cfs)· :and 38 m3/sec (1350 cfs), re~pectively. 
The seven-day· low · flow· in water year. 1973 had a recurrence 
interval of greater than 30: years. In water year 1974,. the 
recurrence interval was . about · two years (Stone, 1974) ~ Thus, 
extremely high and extremely low fl"c:,ws ·occurred in 1973 ~ 
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The total annual gaged river discharge into the Pensacola Bay 
system from the three major river systems for the period of 
record was 259 m3/sec (9,150 cfs) as shown in Table 6-4. The 
estimated total mean discharge from these river basins was 311 
m3/sec (11,000 cfs), and the total mean gaged discharge was 83 
percent of the estimated total mean discharge. The estimated 
seven-day, 10-yeal;' ·.low- flow. from the· entire basin was 61 m3/sec 
(2160 cfs) ._ . 

. - . 
FLOWS IN. THE ESCAMBIA· ,RIVER . DELTA TRIBUTARIES 

Introduction 

Circulation in the northeastern section of upper Escambia Bay 
was fo~nd to be poor during past studies (USOI, 1970). A lack of 
freshwater discharge into this area, because it is farther from 
the Gulf than the .mouth of the Escambia River, was con~idered the 
cause of this poo·r circulation. In the recommendations of the 
Escambia. Bay Conference· that established the Escambia Bay 

. Recovery Study (USEPA, 1972e) it was . suggested that the 
feasibility of diverting freshwater from the Escambia River into 
the northeast section of upper Escambia Bay be investigated. 
Escambia River delta tributaries, .such as the Little White and 

Table 6 - 4. Total flows into th~ P~nsacola ray system. 

River 5:isin 

Escambia 

· Blackwater· 

Yellow 

To·tal 

Mean Anuua 1 Flo■ 

I:Jtal Gagetl 
w 3 /sec 

(cfs) 

174 
(6157) 

23 
(82C) 

62 
<,2175) 

-------
259 . 

( 91 50) 

Total Estimated 
m 3 /sec 

(cfs) 

189 
(669~) 

44 
(1570) 

78 
(2 750) 

-------
311 

(11000) 

7-day 
1':'-year 
L:J w1 Flow 

m 3 /sec 
(cfs) 

28 
(1000) 

18 
(62 C) 

15 
( :>4 ~) 

------' ,·. 

61 
(2160) 

--------------------------------------------------------~ . . . . . ' . - . . 
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Simpson Rivers, would have to be modified to accomplish the 
diversion. 

Methods 

Discharge estimates in the Escambia, Little White, and 
Simpson Rivers were performed on October 26, 1973, February 15, 
1974, Mar·ch 6, 1974, and April 16, 1974, during flood tides, and. 
river discharge was considered to be the seaward flow. current 
speed and direction in each river were measured using an 
Oceanographic Engineering Corporation (Hydroproducts) Model 451 
Savonius rotor current meter and Model 452 current direction 
meter. The current meter was calit:rated against a Marine 
Advisor's Model s-6a ducted current meter with internal 
calibration during each field study. current speed and direction 
and salinity were measured at approximately third points of a 
lateral transect of the river during the October 26, 1973 study 
and at quarter points during the other studies. At each current 
measurement point, current and salinity measurements were made at 
a depth of 0.2 m (0.5 ft) and then every 0.6 m (2.0 ft). Four 
current speed and direction measurements were made at each depth 
and the averages were used in calculations. The cross-section 
area of each river was measured using a Raytheon DE-719 survey 
Fathometer. · 

Discharge was calculated by drawing· isopleths of constant 
current speed on a drawing of the cross-section area and then 
measuring the areas of constant .current speed with a planimeter. 
The total discharge of each river· was estimated by summing the 
products of cross-section area and current speed for all constant 
current speed areas. 

Salinity was measured using a Beckman RS5-3 
salinometer. 

Results 

induction 

Exploration of the tributaries in the Escambia River delta 
indicated that Saltzmans Bayou, Little White River, and Simpson 
River connect the Escambia Bay upstream of the. U.S. Highway 90 
Bridge with Escambia Bay (Figure 6-4). To determine the flow of 
these rivers relative to the Escamtia River, flow was measured in 
the Escambia, Little White, and Simpson Rivers on four occasions 
at the locations shown on Figure 6-4. Flow was not measured in 
saltzmans Bayou because of its relatively small cross-section 
area. 

The measured total flow ranged from 80 to 87 percent of the 
estimated total flow for the entire·Escambia River basin (Table 
6-5). An average of 75 percent of the total measured. flow 
entered Escambia Bay through the Escambia River, during the 
studies; and averages of 16.5 and 8.5 percent of the total 
measured flow entered the northeastern section of upper Escambia 
Bay through the Simpson and Little White Rivers, respectively. 
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Figure 6-4. Map of the Escambia River delta showing location of 
discharge measurement stations. 
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Table 6 - 5. Estimdtes oi flows in th~ Escambia Hiver delta tributaries, 1973 - 1974. 

Parameter Units Date 
'.Jctober- febr-uar-y March Apcil 

Mea ,;ured tot.al flow m3 /sec 48 477 155 41J 
Est ink~ ted total flow m 3 /sec 55 6/" ,.\ ·.;i...,, 191 497 
Percent :.>f estimated tota 1 flow pia?rcen t ]7 8J 81 82 

ESC AMilIA RIVER 

Measurej flow m3 /sec 33 3 64 119 321) 
Percent of measur.:ed total flow p2rcent 69 76 77 7 t3 
Center :::hannel s:1linity - surface ~pt " ') ,"\ 

- ',) 

°' 
Centec channel salinity - bottom ~)pt. '.) J 1} 

I ..... SIMf>SiJN ;:tIVfj ..... 

Measured flow m3 /sec 8 7 -3 28 60 
Per-cent ot measured total flow p0 rcen t 17 16 18 15 
Center channel s:ilini ty - surface ppt 4 ' 0 0 
Center c11anne 1 salinity - bottom ppt 23 ) :"\ .. , 

.J 

LIT'IL2 WHIT;:;; RIVER 

Measured flow m. 3 /sec 7 35 8 3 1 
Pe1:ceat of measured total flow pP.r:-cent 14 7 5 7 
Center- channel salinity surface ppt· 6 ~ ,, ') ., 

Center- :::hannel s:1.linity - bottom ppt 2 1 :) 0 

Chan gt~ in tidt'! level during study m.?t.er-s +2.23 +). 29 +0.2,'J + ) • 11 
Average wind speed km/hr 12 9 19 1) 

---------------------------------------------------· --------------------------------------



Consequently, about 25 percent of the total flow of the Escambia 
River basin flows directly into the northeastern section of upper 
Escambia Bay. However, most of this water does not alleviate 
circulation problems in the vicinity of Floridatown and thE 
industrial discharges since it flows seaward in a southerly 
direction along the Escambia River Delta. Thus, there appears to 
be no justification for diverting additional watEr from the 
Escambia River into the northeastern section of upper Escambia 
Bay. 

Although no flow measurements were made in Escambia River 
qelta tributaries downstream of the u.s. Highway 90 bridge, it is 
believed that most of the discharge from the. Escambia River 
drainage area enters the Escambia Bay through the dredged channel 
of the Escambia River. Other tributaries entering the bay in 
this area are East River, Sullivans Ditch, and Gum River, and all 
are relatively shallow, especially at their mouths. 

TIDES 

Introduction 

Tidal energy is a major driving force of estuarine 
circulation or water transport. The tides of the Gulf of Mexico 
are relatively weak compared to those in the Atlantic Ocean; 
nevertheless, they are considerably more complex. Marmer (1954) 
in his excellent discussion of the tides in the Gulf of Mexico 
separates tides into three major types. The first type is 
semidiurnal where most of the time two tidal cycles of 
approximately equal range occur each day. The second type is 
mixed tides where either one or two tidal cycles with unequal 
ranges• can occur during a day. The third type is diurnal, with 
one tidal cycle per day occurring most of the time. 

At all' locations in the Gulf of Mexico, tides are generally 
mixed or diurnal, and because tide producing forces are 
profoundly modified by hydrographic features, the type of tide 
found from location to location varies significantly.- Marmer•s 
(1954) explanation of the relatively large diurnal component in 
Gulf tides is that due to the bathymetry of its basin its free 
period of oscillation is about 24 hrs which approximates the 
period of diurnal tide producing forces, and thus, it responds 
better to the diurnal forces than to the semidiurnal forces. The 
section of the coast of the Gulf of Mexico near Pensacola has 
diumal tides. 

Methods 

In 1973, two tide gages were installed in Escambia Bay by the 
Escambia Bay Recovery study. one was attached to the Interstate 
10 bridge, west of the barge channel, and the other to the U.S. 
Highway 90 bridge at the mouth of the Little White River. The 
Interstate 10 tide gage proved unreliable and only the data 
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collected by the U.S. Highway 90 tide gage will be discussed in 
this section. 

A Stevens Type-A71 water level reco~der was used to measure 
tide level. Recorder charts ·were changed monthly and the 
recorder was calibrated against a known datum on the u.s. Highway 
90 bridge. · Mean sea. level (MSL) as ref erred to in this report is 
O.Oelevation 1929 datum. 

Results 

Typical tides for the ·Pensacola Bay system (Figure 6-5a) 
include a bi-weekly cycle of variation in the number of tidal 
cycles and the tide .range. Two tidal cycles occurred on January 
13, 26, and 27, and the range of these .tides was less thari 0.24 m. 
(0.80 ft). Approximately 7.5 days later the tidal range was 0.7 

m (2.3 ft). Low range tides are known as equatorial tides and 
they occur when the moon is over the equator; and high range 
tides are known as tropic tides and they occur when the moon is 
above the northern or southern tropics. 

weather can have profound affects on the tides. Tides on 
January 20, ·1974 ,were unusual, since both the high and low tides 
were considerably.higher than the tide levels on the previous or 
following .days (Figure 6-5a). This is typical of the effects of 
weather· conditions\. Another example of this was an extremely 
high tide of 0.76 m (2.5 ft) above MSL that occurred on September 
8, 1974 (Figure 6-5b) due to· Hurrican Carmen. 

The mean tide level (MTL)·on a given day usually does not 
coincide with mean s~a level .(MSL) (Figure 6-6a}. The average 
MTL in January, February, March, ·July, and August was.below MSL; 
in May it was slightly ·above MSL; and in April, June, and 
September it was equal to MSL. The lowest mean tide level, 
measured during February, was O. 55 m (1. 80 ft) below MSL, which 
means that 205.1 x 106 m3 (54.8 billion gallons).· of water, or 
about eight days of average inflow from all rivers discharging 
into the bay, were displaced from the bay. The highest mean tide 
level in February was 0.24 m (0.79 ft) above MSL. It should aiso 
be noted that mean, sea level is not constant. -.Provost (1973) 
indicates that MSL is rising at the rate .·of O. 3 m ( 1. O ft) per 
124 years at Pensacola. 

Mean monthly tide ranges·for January through September 1974 
were relatively constant (Figure 6-6b). The mean tide range for 
this nine-month period was 0.45 m (1.49 ft). The maximum tide 
range was 0.98 m (3.2 ft) in September, and the minimum range.was 
0.06 m (0.20 ft) in January. 

Discussion 

The Pensacola · Bay. ·system· is located on a section: of· coast 
which has the least amount of tidal· energy available . to' ··drive 
circulation of almost any coastal location in the United States 
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Figure 6-Sa. Tides at u.s. 90 bridge during January 13-28, 1974. 
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on the Atlantic ocean or Gulf of Mexico. Two factors contribute 
to this: (1) The mean tidal range of 0.34 m (1.1 ft) at the 
Pensacola Bay entrance is minimal; and (2) tides ·are--· diurnal-. 
Diurnal tides with .a low tidal range also occur from Panama City,. 
Florida to the west as far as Louisiana •. Thus,, at an Atlantic 
coast estuary, with.· the same tida;l ,range,. but .where. the tides are 
semidiurnal, twice the .volume• of ~.ater·is transported into and 
out of the estuary each day. The matter is further compounded by 
the occurrence of equatorialtides, about every seven days, that 
have a tidal range near 0.15 m (0.5 ft) and last for about three 
days. 

Tidal ranges of selected southeastern estuaries (U.S. Dept. 
of commerce, 1975) are shown below: 

Location Tide Type 

Charleston Harbor Semidiurnal 

Savannah River Semidiurnal 

Saint Lucie Inlet semidiurnal 

Tampa Bay Mixed 

Pensacola Bay Diurnal 

m 

1.6 

2.1 

0.8 

0.6 . 

0.3 

Tide Range 

ft 

5.2 

6.9 

2.6 

2.0 

1 • 1 

Of these estuaries, the tide range for Pensacola Bay 
lowest; consequently, tidal forces are relatively 
Pensacola Bay compared to the other systems. 

is 
weak 

the 
in 

Marmer (1954) indicated that tidal ranges vary slowly over a 
period of 18.6 years due to changes in the-inclination of the 

_moon over the equator. Based on da:ta presented by him for 
Pensacola from 1931 to 1949, a period -of low mean annual tidal 
range is being approached, and the minimum point of the.18.6 year 
cycle will be 1977. The mean annual tidal range will not exceed 
the mean range until: 1982. 

Based on the. above, the.·tidal contribution to the circulation 
of the Pensacola Bay system .is relatively small compared to that 
expected in other southeast estuaries. 

SALINITY. 

Introduction-

In the Pensacola Bay system, as in most other estuaries, 
seawater and freshwater combine to form a mixture. The salt 
concentration or salinity of the mixture at any location, in the 
estuary depends on forces such as river discharge,· -density, 
meteorologic conditions, the earth's rotation, · tides, and 
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bathymetry of the system. Salinity is the weight (in grams) of 
dissolved salts in one kg of water. Since salts are conservative 
substances, salinity can be used as a tracer to describe the 
effects of the above forces on the circulation of an estuary. A
knowledge of salinity is also important from an ecological 
standpoint, because the salinity regime of a system will 
determine the organisms that can- survive there. 

Estuarine circulation was divided into four major types by 
Bowden ( 1 96 7) : 

• Salt wedge, 

• Two-layer flow with entrainment, 

• Two-layer flow with vertical mixing, and 

• Vertically homogeneous. 

Salt wedge circulation occurs when river flow dominates 
circulation. A saltwater wedge sloping downwards in a riverward 
(toward the freshwater source) direction extends along the bottom 
into the estuary and there is practically no mixing b€tween the 
salt and freshwater layers. The earth's rotation, as represented 
by the Coriolis Effect, causes the salt-freshwater interface to 
slope downwards to the right in the northern hemisphere when 
looking seaward. 

When river flow is modified by tidal currents, estuarine 
circulation becomes two-layer flow with entrainment. Saltwater 
from the deeper layer is entrained into the freshwater layer and 
the deeper layer remains unchanged. In reality, a certain amount 
of mixing occurs between the layers and a transition zone with a 
steep salinity gradient, known as a halocline, is formed. 

In shallow estuaries, river flow and tidal mixing dominate 
circulation and a pattern of two-layer flow with vertica 1. mixing 
occurs. Freshwater moves seaward in the upper laye1 and 
saltwater moves riverward in the lower layer. This system is 
known as a partially mixed estuary. The maximum salinity 
gradient occurs near the level of no net motion. The volume of 
water transported by this type of circulation in the upper and 
lower layers may be many times the river discharge. 

When the tidal currents are very strong relative to the river 
discharge, vertical mixing can be so strong that the salinity 
becomes homogeneous with depth. This is known as vertically 
homogeneous circulation. A horizontal salinity gradient still 
occurs in this type of estuary. 

Methods 

Salinity was measured in the field using a Beckman RSS-3 
induction salinometer. The dates of.the studies where salinity 
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was measured are presented in Table 8-1. surface measurements 
were taken 0.3 m (1.0 ft) below the surface and bottom 
measurements were taken 0.3 m (1.0 ft) above the bottom. The 
mean sampling depth at each station is shown in Appendix 8-3 and 
8-4, and the locations of the sampling stations are described in 
Appendix 8- 2. 

The Two-Layer Model, a method of determining the flushing 
rate of an estuary, has been described by Bowden (1967). It is 
assumed in the model that the exchange of water between the 
estuary and the sea is caused.by advection and that horizontal 
diffusion is negligible. Accordingly, the rate of 'flow in the 
two layers can be calculated, with a knowledge of the mean 
salinity of the inflowing and outflowing layers and the river 
discharge. According to Bowden (1967), the depth at which the 
maximum salinity gradient is found is the level of no net motion. 
Above this depth is the outflowing layer, and below is the 
inflowing layer. 

From the conditions for continuity of water and salt 

solving for the inflow and outflow 

The flushing time of freshwater out of the estuary is 

T = V/(Qux86,400) = V(1-Su/51 )/(Rx86,400) 



where 

R = river discharge - m3/sec 

Ou= volume transport of outflowing· water - m3/sec 

o1 = volume transport of inflowing water - m3/sec 

Su= mean salinity of outflowing water - ppt 

s 1 = mean salinity of inflowing water - ppt 

V = volume of water in the bay riverward of the salinity 
measurement point - m3 

T = flushing time - days 

Using data from the James Estuary, Pritchard (1965) has 
developed another method of determining the values of Su and s, 
to be used in the Two-Layer Model. In this method, the level of 
no net motion is assumed to be the depth at which the salinity· 
gradient begins to decrease appreciably but which is above the 
level of the maximum gradient. The mean salinity of the upper 
two-thirds of the layer above this level is Su, ands, is the 
mean salinity of the lower two-thirds of the layer belO#l this 
level. Pritchard•s method of determining Su and s 1 was used in 
this report. 

Results and Discussion 

Salinity Variation 

Freshwater from Escambia River tended to stay on the western 
side of Escambia Bay as ~t moved seaward (Figure 6-7) during 
January through September 1974. The mean surface salinity values 
in the northeastern portion of the upper bay (Stations EEKV, and 
EGLY), were higher than those in the northwestern portion 
(Stations EIIL and EIKC) which ~re farther seaward, but close to 
the mouth of the river. Mean surface salinities were 
considerably higher on the eastern side of the bay than directly 
across the bay on the western ·side. Mean surface salinity data 
also indicated that freshwater entering East Bay from Blackwater 
Bay also flowed seaward on the western side of the Bay. 

Intrusion of saltwater into the Escambia River is an inverse 
function of river discharge. A saltwater wedge was not present 
in the Escambia River, 14.2 km (8.8 mi) upstream of the mouth, 
(Station ERIO) during any of the 1974 studies. A saltwater wedge 
was observed, 7.4 km (4.6 mi) upstream of the mouth of the river, 
when the effective Escambia River discharge was less than 85 
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m3/sec (3,012 cfs). At the U.S. Highway 90 bridge, 2.6 km (1.6 
mi) upstream of the mouth of the river, a saltwater wedge was 
found in more than half of the studies when the estimated river 
discharge was less than 226 ml/sec (7974 cfs) • 

Mean salinities in Pensacola Bay indicate that less saline 
water flows seaward along the northern side of the bay. The mean 
salinity of seawater entering the bay (as indicated by the mean 
bottom value at the inlet, station P01) is 32.6 ppt. The mean 
bottom values throughout -the bay in the deep areas- are on-ly 
slightly less than the salinity of incoming seawater, - -indicating 
water from the lower layer is entrained into the upper layer, but 
the reverse does not occur. 

The movement of more freshwater seaward on the western side 
of Escambia and East Bays and on the northern side of Pensacola 
Bay appears due to the Coriolis Effect which is a function of the 
earth's rotation. However, vertical stratification throughout 
the system indicates that freshwater moves seaward and saltwater 
moves riverward throughout the entire bay. 

Fluctuations in salinity at most stations were considerable 
during the studies in January through September 1974. The mean, 
maximum, minimum, . and coefficient of variation at each station 
sampled is presented in Appendix 6-1. 

Analysis of salinities in the Pensacola Bay system and river 
discharge indicated that the higher the river discharge into the 
system, the lower the salinity (Figure 6-8). In addition, bays 
with river inflows had lower mean salinities. Thus, mean 
salinities in East Bay were always higher than those in Escambia 
and Blackwater Bay. Pensacola Bay, being closest to the inlet, 
had mean salinities 6.8.ppt higher than East Bay ~n the average. 

There was a significant correlation between mean Escambia Bay 
salinity and the inverse of the effective flow of the Escambia 
River (r = 0.824, df = 11, p <0.01). 

Daily fluctuation of surface and bott·om salinity and tide 
level (measured in upper Escambia Bay at u.s. Highway 90 bridge) 
is presented in Figure 6-9 for selected stations.sampled·during 
the August 1973 water quality studies. During Study III, ~ugust 
16, and 17, 1973, the variation in surface and bottom salinity 
was two and one ppt, respectively, in mid Escambia Bay (Station 
ENNB) when the tidal . ra11ge. was about .0.3 m (0. 8 ft).. During. 
Study IV, on August 23 through 24, 1973 when the tide range was 
0.7 m (2.0 ft), the surface salinity varied by eight ppt and the 
bottom salinity varied by one ppt. This indicates that tidal 
mixing has a considerable influence on surface salinity and that 
there was significant horizontal transport of surface water due 
to. the tides. This also indicates that movement of bottom water 
is limited. 
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In Fast Bay (Station AJFD) there was very little fluctuation 
in salinity due to variation in tide level (Figure 6-9), 
indicating that transport of water in East Bay was due to other 
factors than tide. 

In Pensacola Bay (Station POOH - PO5), the surface water 
salinities indicated tide caused the transport of surface water 
(Figure 6-9). During Study III (August 17-18, 1973) surface 
salinity varied by three ppt and during study IV (August 24-25, 
1973) surface salinity varied by 4.5 ppt. The salinity variation 
followed· tidal variation during·both studies. Bottom salinity 
·was relatively constant during both studies, indicating 
practically no movement of bottom water. 

During Studies I and II in April 1973 the rivers discharging 
into the Pensacola Bay system were at flood stage and the water 
in the bays was essentially fresh. 

in Escambia Bay were studied during Chloride concentrations 
September 23 to 25, 1969 
concentration was assumed to 
following equation was used to 
salinity: 

(USDI, 1970) • The chloride 
approximate chlorinity and the 

convert the data collected to 

Salinity (ppt) = 1.80655 x Chloride (mg/1)/1000. 

The mean salinity of Escambia Bay above the Interstate 10 bridge 
was 18.4 ppt. At mid Escambia Bay (Station E25-ENNB) the mean 
surface salinity was 17.0 ppt with a range of 13.9 to 19.5 ppt, 
and the mean bottom salinity was 28.1 ppt with a range of 30.9 to 

:- 22. 4 ppt. 

Unused submerged pilings under the Land N Railroad bridge 
were found to hinder circulation during the above study. The 
conference on Escambia Bay (USDI, 1970a) recommended that these 
excess pilings be removed, and this was accomplished shortly 
thereafter. 

Salinities were measured_ in Choctawhatchee Bay du!ing a 
survey performed on September 12, 1974. · surface salinities 
increased from 0.0 ppt in the lower Choctawhatchee River (Station 
ZO6X) to about 22 ppt near the inlet (Figure 6-10). Bottom 
salinities were near 20 ppt in the shallow eastern and western 
ends of the bay; and near 30 ppt in the deep central portion of 
the bay. The circulation type in the eastern portion of the bay 
(Station ZLQE) was two-layer flow with vertical mixing, and that 
in the central and western portions of the bay (Stations YK7U and 
YNKF) was of the two-layer flow with entrainment. Thus, 
circulation in Choctawhatchee Bay was similar to that in the 
Pensacola Bay system. 
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Inflow and Outflow Based on Salinity 

Evaluation of salinity-depth profiles for selected stations 
in Escambia, East, and Pensacola Bays, sampled in 1974, provided 
information on circulation in the Pensacola Bay system. Salinity 
profiles in mid Escambia Bay (Station ENNB) indicated that 
Escambia Bay has a stratified circulation pattern between 
partially mixed and two-layer flow with entrainment (Figure 6-
11). During most studies there were three distinct layers, an 
upper layer of homogeneous salinity 1.0 to 1.3 m (3.0 to 4.0 ft) 
deep, a transition layer or halocline 0.7 to 1.6 m (2.0 to 5.0 
ft) thick, and a lower layer of homogeneous salinity. The upper 
layer usually had salinities less than 10.0 ppt and the lower 
layer greater than 20.0 ppt. 

In East Bay (Station AGJI), there was less vertical 
_stratification than in Escambia Bay (Figure 6-11). During most 
of the studies three distinct layers were present, an upper layer 
of homogeneous salinity (9.0 from 19.0 ppt) extending to 1.6 to 
2.3 m (5.0 to 7.0 ft), a halocline, and a thin lower layer. The 
salinity gradient of the halocline was steeper in East Bay than 
in Escambia Bay, indicating less transfer between layers. 

Pensacola Bay (Station P05) - sampled by the University of 
West Florida) had two-layer flow with entrainment type 
circulation during most of the 1974 studies (Figure 6-11). On 
most of the sampling dates, a surface layer with a steep salinity 
gradient and a homogeneous deep layer were present. The salinity 
of the deep layer exceeded 30.0 ppt on all sampling dates. The 
steep surface salinity gradient indicated poor mixing in the 
surface layer. High salinity in the bottom layer indicated 
entrainment of saltwater from the deep layer to the surface layer 
was occurring, and that there was practically no transfer of 
surface water into the lower layer. 

The salinity profiles (Figure 6-11) and the salinity-tide 
variation curves (Figure 6-9) both indicate a difference between 
the salinity of the upper and lower layers in the bay. It 

· appears that as far as transport of pollutants in the• bay is 
concerned the bay is vertically stratified or there are two 
separate layers in the bay with limited exchange between them. 
Due to this, the Pensacola Bay system must be regarded as a 
three-dimensional system when considering circulation. 

Flushing of the Pensacola Bay system was significantly 
improved.by increased river inflows and tidal mixing, based on an 
analysis using the Two-Layer Model (Table 6-6). The flushing 
time increased from 21.2 days during a high river inflow period 
(average for Studies I and II, April 1973) to 34.2 days during a 
low river inflow period (average for Studies III and IV, August 
1973). Tidal mixing accelerated flushing of the bay system by 
12.9 days during a high river inflow period and by 62.6 days 
during a low river inflow period. Mean river inflows to the 
Pensacola Bay system were 1227 ml/sec or 294 percent of the mean 
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annual inflowr during the high inflow period and 247 m3 /sec or 79 
percent of the mean annual inflow during the low inflow period. 
Average tidal ranges were 0.4 m during both periods (Table 8-1). 
The increase in tidal range associated with cycling from 
equatorial to tropic tides caused a 12.7 day acceleration in 
flushing of the bay system during the high inflow period and a 
41.7 day acceleration during the low inflow period (Table 6-7). 
During ·both flow periods, river discharge was higher during the 
studies with equatorial tides (low tidal ranges).· ·Thus, the 
acceleration in flushing of the bay system can only be attributed 
to increased tidal mixing. 

If we assume that,. tidal energy would cause about a 60-day 
acceleration in flushing time, as it did during the low flow 
periodr the flushing time of Pensacola Bay system would be about 
200 days for the seven-day, ten-year low flow of 61 m3 /sec. 

Bottom salinities during both of the high inflow and both of 
the low inflow remained about the same even through river inflow 
and tidal conditions' changed (Figure 6-12). This is an 
indication of weak bottom circulation. 

The variables used in calculating flushing time are presented 
in Appendix 6-2. · 

WATER.TEMPERATURE 

Introduction 

Fluctuations in water tempercttures are an extremely important 
factor in determining the typ·e of aquatic community that will 
inhabit .a body of water. High water temperatures also reduce 
saturation values of dissolved g~ses in water, increase transfer 
rates of gas between air and water, and accelerate the metabolic 
rates of organisms in the system. 

Methods 

Temperatures were measured with a Beckman RS5-3 induction 
salinomet.er and thermometer. surface measurements were taken 0.3 
m (1.0 ft) below the surface and bottom measurements were taken 
0.3 m (1.0 ft) above the bottom. The mean sampling depth at each 
station is presented in Appendix 8-4, and.the locations of tae 
sampling stations are described in Appendix 8-2. 

Results and Discussion 

Mean temperatures in Escambia, East, Blackwater, and 
Pensacola Bays during each 1974 water quality study were about 
the same. In all of the bays, minimum temperature occurred in 
February, and in all bays except Pensacola Bay the maxinum mean 
temperature occurred in July. Mean temperatures in Escambia Bay 
and Pensacola Bay during each water quality study in 1974 are 
shown in Figure 6-13. 
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'.Iable 6 - 6. Flushing characteristics of the Pensacola Day system during high (Studies I and II) 
and lov (Studies III and IV) river inflov periods in A.pril and A.U<JUSt 1973 respectively. 
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Figure 6-12. Mean salinity-depth profiles over a tidal cycle at 
stations near the center of the mouths of bays in the 
Pensacola Bay system during 1973. 
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Waters discharged into the Pensacola Bay system by tributary 
streams were cooler than waters in the bay during every 1974 
study (Figure 6-14, Appendix 6-3). Mean temperatures in lower 
Escambia Bay, East Bay, and Pensacola Bay were slightly above 
23°c and the· mean_ surface and bottom temperatures were 

, essentiallyr the same. In Blackwater Bay and upper Escambia Bay, 
mean temperatµres were lower than those in the remainder of the 
system due to mixing with cool river water. 

The loiest water temper:atures during the April ~nd Aq.
1

gust 
1973 water quality studies (Studies I -through IV) were also found 
near the ~scambia River delt1a and ·were due to cool river water 
entering the bay. The highest temperatures usually occurred in 
Pensacola Bay. Generally, there was not much diurnal water 
temperature.- fluctuation, - · _but th~ variation that occurred -was 
caused by soiar heating in the afternoon. Water temperature data 
collected, during intensive water quality· . studies performed ~Jl 
April , -~~ August 1973 are . .'...presented in raple· 6-a·: . sur·face :and 
bottom ·tempera-tur,~s at all; s~mplirtg stations,,_ were I ess~ntially 
20°c dµr;i,ng ·t:he April studj,.es~·. · .I-fl ·August 1973 · surface and bottom 
water-, ·temperatures w~re near 30°c. · In lower ~scambia, -
t~mperature ranges.' were about three· and one 0 c .on the surfa.ce and. 
bottom., re·spectively, duripg the April ·studies, ·.and less than one 
degree during the August studies: , 

. An intens~_ve water .. q~ality study, was perf armed i_n Esca_mbia 
. BaY' during September 23-25;'' J969 .(USDI,· 1970)·.•; tn lower E$_cambia· 
Bay,. (Station · E27 -- ERPB) the· mean ,surface and bottom wat~r 
temperatures were about , 25.0 c.~ The surf.ace water tempera·ture 
range ~s,, 23. 0 (to 2.7. Q0 c, and the bottom water temperature range 
was 23·.5 to 2s.s 0 c. · 

The mean water temperature ,in ·choctawhatchee Bay was 27. a0 c, 
with a range · .of - · 25._5 to· 29.ti during a· water quali.ty · study 
performed there on September 12 ~ 1-9 74. 

·cIRCULATION IN ESCAMBIA BAY 

Introduction 

A circulation study was performed ~in Escambia Bay (that traced 
Escambia River ~ater as it •· inov~d throughout the' bay under 
conditions approximating 'mean annual tidal tange and rive~ 
discharge. 

Methods 

The study began at 0800 on August . 6,. 1'974 ,. when . 45 kg . ( 100 
lbs) of Rhodamine WT fluorescent- dye were .discharged uniformly 
throughout the cross section ·of Escambia R1.v_er. ,19 km (12. - mi) 
above· its mouth, and it ended on' August ·10, 1974~ The tide was 
beginning to ebb at · .. the t.J. s. Hi:ghw~y· 90· ·tide gage during the dye 
dump. The dye was sampled every three-hours by two sampling 
crews at 30 of the 60 sampling stations established for the study 
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data from the University of West Florida). 
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'lab le 6 - a. Water temper a ture data ( o C) for 1973 intensive water quality studies. 

- .------------------------------------------------ .------- -----------------------------
Study Date Mean Maximum Time Date l'1inimum Time Date 

-----------------------------------------------------------------------------------------------
April 13 - 15, 197 3 Study I 

surface 17. 2 19. 3 125C 4/13/73 16.0 0700 4/13/73 

bottom 16.4 1 7 • 1 2147 4/13/73 1 s. 9 1541 ~/13/73 

April 19 - 21, 1973 Study II 

°' I surface 19. 7 2 o. 1 19 06 4/19/73 19.4 0703 4/ 19/7 3 c.., 
c.., 

bottom 19. 8 2 O. 0 1905 4/19/73 19.5 1600 4/19/73 

August 16 - 18, 1973 Study III 

surface 28.8 29.2 1619 8/16/7 3 2 8. 4 0320 8/17 /7 3 

bottom 29.9 30.2 1319 8/16/73 29.7 0816 8/ 16/7 3 

August 23 - 2 5, 1973 Study IV 

surface 28. !) 29.2 16 04 8/23/73 26.8 074') A /2.3/7 3 

bottom 29.0 2 9. ~ 1859 8/23/73 28.7 0746 8 /23/7 3 



(Figure 6-15). Bottom dye samples (0.3 m 1.0 ft above the 
bottom) were collected with an incremented rod with a test tube 
attached to the bottom. The test tube could be opened and closed 
from the boat, to obtain a sample at any depth up to 2.1 m (7.0 
ft). At depths greater than 2. 1 m (7. 0 ft), a Kemmerer ,sampler 
was used. The water samples were kept in ·the dark until 
analyzed. 

The concentration of dye was measured:at the EBRS laboratory 
~sing an Aminco Fluoro-Microphotometer Model 4-7102. Dye 
s~andards from 0.1 · µg/1 to 3,000 µg/1 were prepared and the 
instrument was standardized every 12 hours. "All dye measurements 
were made at 20. o0 c :!:. 0 .':1oc. 

Salinity and temperature measurements were taken with a 
Beckman RS5-3 induction salinometer in conjunction with each dye 
sample. 

Env irom:pental Conditions 

The effective flow ·of the Esca'1lbia River was_ 190 m3/sec 
(6,730 cfs), which is about me9 n annual flow, during this dye 
study., . The tide range at the u.s. Highway 90 tide gaging station 
was 0.4 m (1.2 ft) on August 6~ 1974 and 0,.6 m (1.~ ft) on August 
10, _ 1974 (Appendix 6-4). Prevai·ling winds. were from the south 

'during the study and wind velocities .were relatively low, less 
than 12 km/hr. 

There was considerable vertical salinity stratification in 
the bay during the study, but the porizont~l salinity 
distribution remained relatively constant throughout the study. 
Salinities were 2.8 and- 17.0 ppt at the surface and bottom, 
respectively, in upper Escambia Bay (Stat;i.on b2) at, 1023 on 
August 6; an·d 1. 4 and 18. 7 at the . surf ace and bottom, 
respectively, at the same location at 1018 on August 9. In the 
lower bay (Station 13), surface and bottom salinities were 8.0 
and 25.3 ppt, respectively, at 2210 on August 7; and 6.5 and 26.1 
ppt, respectively, at 1618'on August 9. Water temper,ature in 
Escambia Bay ranged between 26 and 32°c during the study. 

Results and Discussion 

The time (average time of sa~pling run) that the first major 
dye peak arrived at the surface of each sampling station is shown 
in Figure 6-15. The isopleths indicate the location of this dye 
peak · during odd-riulJ)bered runs. A dye peak was first measured in 
Macky Bay about 16 hr after the dye dump, indicating that a 
significant amount-of water from the Escambia River enters Macky 
Bay. The dye reached the I-10 bridge _after about ,8 hr of· travel 
in the bay and Devils Point after about 19 hr in the bay. south 
of the I-10 bridge, dye arrived near Indian Bayou on the East 
shore of the bay about 2.6 hr after entering the bay. The first 
major dye peak reached-the mouth of the bay 55 hr (2.3 days) 
after the dye entered the bay .• 
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Figure 6-15. Isopeths of the run on which major surface dye 
peaks arrived at the given location. Sampling depth 0.3 m. 
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The major dye peak was first observed in northeast Escambia 
Bay at the mouth of the Little White River 16 hr after the dye 
dump. The dye peak moved through the northeast section of the 
bay in 13 hr. This period was just prior to and during an ebb 
tide. This dye peak moved more rapidly seaward along the 
Escambia River delta than along the eastern side of the northeast 
section of the bay. 

The dye peak did not arrive at the northern inlet to Mulatto 
Bay unti'l 40 · hr after the peaJ,c entered the bay. Due to the 
movement- of the dye peak in an easterly direction near Mulatto 
Bay, it appears that th~ waste discharges from Air Products and 
Chemicals, Incorpora~ed a·nd American Cyanamid Company were forced 
along the eastern shore of the-bay. 

Most of the fresh 'river water ·remained in the surface 
outflowing layer _since the· bay was vertically stratified. Bottom 
water was· mixed into the upper layer,· and some upper layer w~tei; 
was entrained ,irito the lower layer. At the center of the upper 
bay (Station D2), the average dye concentration in the lower 
layer was 44 percent of that in the· upper laye.r. I_n the - center 
of the lower bay (Station H3) , the, average dye concent.ration in 
the lower ,layer was only 3. 6 p~rcent of that in :the ,upper· l,ayer. 

In summary, Escambia Rive+ water tended to· flow down the 
western side of Escambi,a- Bay as -it moved ·seaward under conditions 
of average flow and tides.·_ .The mean ·time of travel for river 
water on the surface was. 16 hr fr·om the mouth of the - -Escambia 
River to Devils._Point during ·an ··ebb tide •. North of Devils Point 
Stations G1 to GS), the·- dye· peaks on •the western side, were 
approximately _ ·eight times higher than_ those· on the east side 
indicating most.of the _freshwater was transported across this 
transect . dqwn the· western side : o·f ":the bay. south of Devils 
Point, freshwater moved seaward on the eastern side of the bay 
more . rapidly than on the western side •. Since the dye· peaks were· 
about the sa_me concentration .on . both sides, the quantity of 
freshwater ·moving .down both '•sides· of the bay south of Devils 
Point appeared 'to be equal. The major surface dye peak· reached 
the mouth of: the .bay in about 2.3 days. · · 

In addition, major dye ·peaks entered-Escambia Bay from the 
Escambia, ·Little White, and _Simpson Rivers at approximately the 
same time. The dye peak ent~ring ta,e bay from th_e Little White 
and Simps~m Rivers .moved_ rapidl.y.thro.ugh._the·.northeastern portion 
of upper-Escambia ~ay during ·cm ·ebbing tide. River water tended 
to flow se~ward along the Escambia .River_ ¢!el ta, which borders the 
we~tern side of the upper north~ast· bay~., .,This has the ef,f ect of 
confining the waste discharges from Air•, -~roducts· • and Chemicals 
corporation and American Cyanamid company_ near the- ·eastern side 
df the· upper bay. Discharge from the Escambia River- mouth· also 
tended to force water· from th_e northeast section o"f -the upper bay 
towards the eastern shore. 
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In the upper bay, approximately 4~ pe~cent of the dye in the 
upper layer.was transported-to the lower layer (assuming mid
depth separates the upper and lower layer). This means that a 

_portion-of waste discharged in this area woµld be transported to 
_the lower layer and· would remain in the bay longer than river 

-· water f_lushed directly from the bay. 

DlSTR'IBUTION OF INDUSTRIAL DISCHARGES IN ESCAMBIA BAY 

-Introduction 

A tracer--was injected'· into the· e:ff luemts of Air• Products and 
Chemicals; :i:nc ~ and American Cyanamid company at ditt·erent. times 
to fte•termine the· steady state distribution of. these discharges in 
Es6ambia ..:~ay. • The results, •also described the··efficiencies.of the 
outfalls· in distributing tne discharges in th~ bay. In addition, 

· the steady_ .state distributions· described tfie circulation of upper 
Escambia Bay.· · 

. Methods 

The Air Products Dye study was performed on August· 26 _through 
30,. 1974, and- the American Cyanamid Dye Study • was· · perforIT,1ed _ on 1, . . 

-September 17 through 24, ._ 1974. · Th~ tracer· used during the 
:studies wa,s Rhodamine WT fluorescent dye (20J percent_. solution). 

_·It· - was ..,_in.jecteg· into each.effluent -by_ syphol)ing _from a constant:_ 
hea-d ch~ber and a puf'lp was useq to maintain the leve 1 in the 

-,chamber. · The cons_ta'nt-head chamber and_ syphon we_J:"e nece ss_ary to 
obtain 'a constant flow of - dye into effluent. During. the 
injection, the effluent str.eam of., each·- industry was sa~pled every 
half-hour using serco Automatic samplers, anq the con,centration. 
and mass of dye discharged ·i was determined .· for each . sample. 
Effluent flow data was provfded by the /1ndustries-. During· the· 
early stages of each study, samples were-collected from the bay 
every two to three hours, and.as the studies progressed, the time· 
·between sampling runs was increased (Appendix 6-5). The stations 
sampled during - both dye studies- and the lo'cations of the 

,discharges are shown·_ on Figure 6-16; Two boats were used during 
th~ initial runs. Each 'boat started sampling near Transect 7 
(line con_necting stations starting with seven) and then one boat 

worked riverward and the other seaward. surface dye samples were 
col4ected py dipping test tubes by hand. Mid-depth and-bo~tom 
samples were collected using the dye_ sampler previously 
described. The dye . samples were kept in the dark, to minimize 
photo decay, until they were--ana,lyzed at the EBRS laboratory •. 

The concentration of dy.e in the samples' w~s. measured using an 
Aminco Fluoro-Microphotomer Model 4-7102. Dye standards· from 0.1 
JJg/1 · to 3,000 µg/1 . were prepared and. the instrument · was 
s_tandardized every 12 hours. : All dye measurement's were made at 
20.0°c !. 0.1°c. 

The method of superposition used by Bailey, et. al. (1966) in · 
San Francisco Bay and Kilpatrick and Cummings (1'972) in Port 
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Foyal sound was used to determine the steady state concentration 
in Escambia Bay due to discharges from the industries. In this 
method, a slug of dye is released and dye concentrations in the 
bay are determined. When using this method in a bay, the dye 
slug is released over at least one tidal cycle to approximately 
quasi steady state conditions·. To find the steady state dye 
concentration at a location due to continuous discharge of the 
-same magnitude as the one tidal cycle slug discharge, a number of 
ide·ntical dye concentration-time curves for that location are 
superim:EX)sed offsetting each curve by the time of the dye 
rele~se. Each of the superimposed curves represents the 
contributions from previous and later discharges of the same 
magnitude and duration as the actual-dye injection. The. results 
of adding these curves is. to reproduce the effects of a 
continuous discharge. The· actual mathematical method used to 
determine the steady state concentration due to a continuous 
discharge is described by the f~llowing equation: 

= m 

" 
where 

c
5 

= Steady State co~centration, in µg/1, resulting from a 
continuous release of source strength m 

m = Amount of dye released per unit time in kg/day 

M = Total mass of dye released in kg 

Ct= Dye concentration at·time tin µg/1 

t = Time in days after the dye release 

The integral portion of the equation is the area under the 
dye concentration history distribution with units of µg/1-days. 
The value of the integral was determined by numerical 
integration. The value of m divided by Mis the reciprocal of 
the time of dye injection. This ·offsets the superposition 
process by the time of.dye injection. Because of the voluminous 
amount of data collected during the dye study, a Fortran IV 
program for an IBM 370 computer was written to perform the 
numerical integration. 

To standardize the distributions in Escambia Bay due to the 
Air Products and the American Cyanamid dye injections, the steady 
state concentrations in the bay caused by an effluent loading 
rate of 1,000 kg/day (2,205 lbs/day) are reported. The actual 
calculations were performed per the amount of dye injected and 
values were increased proportionally to obtain concentrations per 
1,000 kg/day. 
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Environmental conditions 

The estimated effective freshwater discharge of the Escambia 
River during the Air Products Dye Study, August 26 through 30, 
1974 was 77 m3/sec (2,720 cfs), which is 41 percent of the 
average annual discharge of the river. During the American 
Cyanamid Dye study, September 17 through 2~, 19J4, the estimated 
effective flow of the river was 188 m3/sec (6640 · cfs) which is 
approximately equal to the_average annual flow. 

The mean, maximum and minimum tidal range·s approximate the 
mean tide range of 0.46 m during the Air Products and American 
Cyanamid Dye Studies (App~ndix 6-5). 

During the Air Products Study, the wind was predominantly 
from the south and the wind velocities were between 9 and 17 
km/hr most of the time (Table 6-9). The wind originated in the 
north most of the time during the American Cyanamid Study and 
again the predominant wind velocities were between 9 and 17 
km/hr. All wind data were collected by the National Weather 
Service Office, at Pensacola Regional Airport. 

Just before the beginning of the Air Products Dye Study at 
0600 on August 26, 1974, 1.04 cm (0.41 in) of precipitation was 
measured at Pensacola Regional Airport. No additional 
precipitation occurred during- this study,· and· there was no 
precipitation at the Pensacola Regional Airport during the 
American Cyanamid Dye Study. 

At various times Escambia Bay was either a one or two layer 
system.· salinity, which should be directly proportionate to 
water density in a shallow bay,· was used to determine if the bay 
was stratified (Figure 6-17a and 6-17b). Based on salinity 
profiles, upper Escambia Bay was a one-layer system at the time 
of the Air Products Dye Study (Figure 6-17a). Therefore, there 
was no barrier to prevent the dye tracer from mixing vertically 
in the upper bay. · 

~cer Release 

A total of 8.5 kg (18.7 lbs) of tracer was injected into the 
Air Products plant effluent from 0845 on August 26, 1974 to 0945 
on August 27, 1974, a period of 1.04 days. However, due to 
accumulation in a swamp between the discharge point and Escambia 
Bay, dye entered the bay for a period of 1.96 ·days. As a result 
of this, the mean dye discharge rate was 4.3 kg/day. The average 
Air Products effluent flow was 5.75 x 103 m3/day (1.52 mgd) and 
the flow range was between 4.47 and 6.81 x 103 m3/day (1.18 to 
1.80 mgd) during the dye release. 

A total of 18.6 kg (41.0 lbs) of dye was discharged into the 
American Cyanamid plant effluent for a period of 1.28 days from 
0945 on September 17, 1974 to 1600 on September 18, 1974. Thus, 
the average dye discharge rate at this plant was 14.5.kg/day. 
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1able 6 - 9. Summary of wind conditions juring the Air Products and the 
~meri=an Cyanamid dye studies. 

Velocity 
(km/hr) 

Calm 
1. 8 - 7.4 

9.3 - 16. 7 

18. 5 - 25.9 

27. 8 - 44.4 

Cirection 

Norti1 

East 

South 

West 

Calm 

( lrnot s) 

1 - 4) 

5 - 9) 

(1) - 14) 

(15 - 2 4) 

Degrees 

320 - 40 

50 - 130 

140 - 220 

230 - 310 

lir Products study 

!:'erceat oi: time 

B.3 
16. 7 

5 2. 1 · 

22.9 

0.0 

Percent of time 

12.5 

2 7. 1 

41.7 

1 0. 4 

8.3 
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American Cyanamid Study 

Percent of time 

4.7 
7.8 

65.6 

21.9 

o.o 

Percent of time 

54.7 

32.8 

7.8 

o.o 
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The average effluent flow was 17.60 x 103 m3/day (4.65 mgd) with 
a range of 16.65 to 18.85 x 10 3 m3 /day (4.40 to 4.98 mgd). 

The average concentration of dye in the discharge during the 
Air Products Dye Study was 655 µg/1 and the range was 45 to 4050 
µg/1 (Appendix 6-6). The concentration in the effluent was less 
than 1400 µg/1 95 percent of the time. The concentrations in the 
American Cyanamid Plant effluent ranged from 1.55 to 3400 µg/1 
with an average of 599 µg/1 and the concentration was less than 
2000 µg/1, 97 percent of the time (Appendix 6-7). 

The dye was not discharged at a constant rate because factors 
such as changes in viscosity of the dye with lower night 
temperatures, and retention and short circuiting in a swamp (Air 
Products plant) caused the concentration and mass in the effluent 
to fluctuate. This should not reduce the validity of the 
results, because other investigators using the method of 
superposition to analyze tracer study data from a physical model 
of San Francisco Bay showed varied injection rates did not affect 
the results (Bailey et al., 1966) • 

Background Concentration 

The first two runs of both the Air Products and American 
Cyanamid Dye Studies were performed before the dye tracer was 
injected. The actual dye concentrations in the bay after the dye 
was injected were obtained by subtracting the background values 
from measured values. The dye concentrations during the 
background runs were: 

Study 

Air Products 

American Cyanamid 

Background concentration (µg/1) 
Mean Maximum c.v.% 

0.12 

0.14 

0.20 

0.33 

13.88 

25.63 

Background concentrations of 0.20 and 0.33 µg/1 were subtracted 
from field measurements to obtain actual concentrations during 
the Air Products and American Cyanamid Dye Studies, respectively. 
Since the maximum concentrations were used to represent 
background conditions, the steady state concentrations were due 
only to waste discharges because background effects have been 
removed with 99 percent confidence. 

steady State Tracer Distributions 

During the Air Products Dye Study the tracer appeared to be 
uniformly distributed north and south of the outfall under steady 
state conditions at a depth of 0.3 m (1.0 ft) (Figure 6-18a). A 
concentration of 809 µg/1 occurred near the discharge (Station 
3A). The 100 µg/1 isopleth extended from Basshole cove to 
Fishermans Point, indicating the tracer moved north and south 
along the eastern shore of the bay. Dye isopleths were generally 
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parallel to the eastern shore of the bay, and they decreased as a 
function of distance from the eastern shore and in a seaward 
direction. Below Fishermans Point, dye isopleths were in an 
east-west direction decreasing seaward, and the dye moved seaward 
across the entire bay moving slightly farther down the eastern 
side of the bay than the western side. concentrations at the 
mouths of Mulatto Bayou were higher than at offshore stations, 
again indicating the movement of the tracer along the east shore. 
Tracer concentrations were very low seaward of the Interstate 10 
bridge. 

The steady state tracer distribution, due to the Air Products 
plant discharge, at a depth of 0.9 m (3.0 ft) was similar to the 
distribution for 0.3 m (1.0 ft), as was expected, since there was 
very little salinity stratification (Figure 6-18b). However, 
higher concentrations were measured farther south along the 
eastern shore. A high concentration (35 µg/1) was measured at 
the south inlet of Mulatto Bayou, and at a depth of 0.9 m (3.0 
ft) higher concentrations occurred west of the channel and south 
of the Interstate 10 bridge than occurred at 0.3 m (1.0 ft). 

The steady state concentration distribution at 0.3 m (1.0 ft) 
above the bottom was similar to that at 0.9 m (3.0 'ft). The 
concentration at the north inlet of Mulatto Bayou of 98 µg/1, was 
highest near.the bottom. 

Dye from Air Products plant discharge was visible along the 
shore for a distance of approximately 1.0 km (0.6 mi) north of 
the outfall during two periods on August 27, 1974 (Figure 6-19). 
The wind was from the East during these periods and the tide was 
ebbing. During both periods, the tracer remained very close to 
the shore and concentrations there were much higher than those in 
the bay. The tracer was found all along the shore as far north 
as Basshole Cove during 0630 through 0800. A concentration of 
2744 µg/1 occurred along the shore 1.1 km (0.7 mi) south of the 
outfall. The concentration 30 m (100 ft) from the outfall was 
102,300 µg/1. 

During 1130 and 1300, the dye was visible south of the 
outfall along the shore. The concentration 30 m (100 ft)· from 
the outfall was 10,420 µg/1 and this decreased to about 500 µg/1 
approximately 0.20 km (0.12 mi) to the north. About 1.1 km (0.7 
mi) south of the outfall the concentration was 2230 µg/1. Dye 
was not found in the center of the bay during this p~riod. These 
data indicated that the discharge from Air Products . and 
Chemicals, Inc. plant has a tendency to remain very close to the 
shore, because of littoral currents which appeared to reverse 
direction. East winds and an ebbing tide did not transport the 
discharge away from the shore. · 

The highest dye concentrations in the bay during the American 
Cyanamid Dye Study at a depth of 0.3 m (greater than 50 µg/1) 
were to the north of the outfall (Figure 6-20a). The dye moved 
north and south along the eastern shore of Escambia Bay, but 
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concentrated above Fishermans Point. No dye was measured to the 
west of the channel at a depth of 0.3 m during this study. 

At a depth of 1.2 m, an extremely high concentration, 1208 
µg/1, was measured near the outfall (Figure 6-20b) during the 
American Cyanamid Dye study. The dye plume eminating from the 
outfall extended to the north, and with one exception relatively 
low concentrations, less than 10 µg/1, occurred to the south of 
the outfall. A halo~line at a depth of slightly less than 1.2 m 
·(4. O ft) existed in the bay during the American Cyanamid Dye 
Study and it appears that a significant portion of the discharge 
was trapped below the halocline. 

The Rhodamine WT dye used in these tracer studies can· be 
considered a conservative (non-decaying) substance due to its low 
decay rate and the short duration of the studies. The dye has 
been found to follow first order decay. Hetling and o•connel 
(1966) found a first order dye loss rate constant of 0.034 per 
day (base e) as an upper limit. Kilpatrick and Cummings . (1972) 
used a dye loss rate constant of 0.03 per day (base e) to correct 
Rhodamine WT dye to a conservative substance. If a dye loss.rate 
constant of 0.03 per day (base e) is used to calculate the steady 
state concentrations of a conservative substance in Escambia Bay 
from the results of these studies, the steady state dye 
concentrations described within should be multiplied 'by 
approximately 1.1. Therefore, the steady state concentrations of 
conservative substances would be slightly higher than those 
discussed here •. 

A mass balance was performed to approximate the quantities of 
dye in various areas of the bay under steady state conditions. 
This was accomplished by dividing ·the bay into segments with a 
sampling station at or near the center of each segment. The mass 
in each segment was determined by multiplying the mean low water 
volume of each segment by the steady state concentration. 

The analysis indicated 56.1 percent of the discharge from Air 
Products plant and 76.6 percent of the discharge from American 
Cyanamid plant were in segments along the eastern shore (Figures 
6-21a and 6-21b). Steady state concentrations were not 
determined along the shore of the bay;.consequently, more dye was 
probably along the eastern shore of the bay than.indicated here. 
Most of the discharges, 76. 1 percent from Air <Products plant and 
90.4 percent :from American Cyanamid plant, were in .the segments 
north of Fishermans Point, and 3.9 percent of the discharge from 
Air Products plant and 1.6 percent of the discharge from American 
Cyanamid plant were in . the· segments at the inlets· of Mulatto 

" Bayou. 

This study indicated that the methods Air Products _-and 
American Cyanamids Plants used to discharge effluents into 
Escambia Bay were insufficient, because their wastes tended to 
accumulate near the upper eastern shore of the bay instead of 
being rapidly removed from the bay. The study also indicated 
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that wastes from both industries entered Mulatto Bayou, the scene 
of numerous fish kills. To eliminate the buildup of wastes in 
upper northeast Escambia Bay, the effluents should discharge 
through submerged outfalls extending to the vicinity of the 
Escambia Bay dredged channel. ,In the case of the American 
Cyanamid plant, their _present---,,.__c:iutfall would have to be extended 
about 1920 m (6; 300 ,,ft) • -----------, 

CIRCULATION IN PENSACOLA BAY SYSTEM 

Circulation in the Pensacola Bay system is weak and not 
conducive to a high assimilative capacity. Based on all studies 
performed by the Escambia Bay Recovery Study and the University 
of west Florida, mean circulation over a tidal cycle in the upper 
layer of the Pensacola Bay system normally follows the pattern 
shown in Figure 6-22. Although current velocities in some areas 
are higher than in other areas, all currents are relatively weak. 
Mean current velocities over a tidal cycle in the lower layer are 
extremely weak. Due to weak circulation in the system, the 
elimination of wastewater discharges should be considered or the 
highest degree of wastewater treatment possible should be 
provided before discharge. 

Furthermore, under certain conditions current reversals occur 
in the bay and inflow takes place in the upper layer and outflow 
occurs in the lower layer (Figure 6-23) (G. Ketchen, Florida 
State University, personal communication). As shown in the 
figure, a current reversal of the type described above occurred. 
This means that waste discharges to the bay are sometimes 
transported riverward and remain in the system for a longer 
period than the flushing time suggests. The cause of these 
current reversals is most likely wind, and this should be clearer 
when Ketchen•s study is completed. 

CIRCULATION IN MULATTO BAYOU 

Introduction 

Mulatto- Bayou has been significantly altered by the 
construction of Interstate Highway 10 (I-10). In 1965, a channel 
connecting the southern portion of the bayou with Escambia Bay 
was blocked by I-10, and an alternate channel was dredged just 
north of and parallel to I-10. During this same period, 
approximately 8 x 10 2 m3 (one million cubic yards) of sediment 
was removed from the bayou for I-10 fill causing deep borrow pits 
(approximately 12 m). 

Mulatto Bayou has been the scene of numerous fish kills (see 
Chapter 10). A September 1969 study by the Federal Water 
Pollution Control Administration (USDI, 1970) indicated the fish 
kills were caused by degraded water· quality resulting from waste 
discharges near the mouths of the bayou, residential finger canal 
dredging within the bayou, and dredging and filling for I-10 
construction. The Florida Department of Transportation also 

6-50 



t 
i -,-i r-i 

Figure 6-22. Mean water transport over a tidal cycle 
upper layer of the Pensacola Bay system. 

Pensacola 

0 

2 

3 

4 

E !I 

:c 
t 6 
ILi 
.c 

7 

8 

9 

10 

II 

KEY 

X Flaw into Estuary 

• Flow out ol Estuary 

------ Line of no Motion 

0.2 Current Spted ( m/11c) 

-~-. 

> 

for the 

Figure 6-23. current speed on June 12-13, 1974 in Pensacola Bay. 

6-51 



funded a study to evaluate conditions in Mulatto Bayou 
(Livingston et al., 1972). They concluded that dredging and 
filling strongly influenced circulation patterns of tidal 
currents and horizontal and vertical exchanges of water, and have 
contributed to a deterioration of water quality in the Mulatto 
Bayou area. They recommended that a weir to restrict tidal 
exchange between the north and south sections of the bayou be 
installed, and a canal connecting the dead-ends of the finger 
canals with the main channel of the bayou be constructed. To 
provide additional information on circulation in Mulatto Bayou, 
dye tracer studies were performed in June and July 1974. 

Methods 

Tracer studies using Rhodamine WT dye (20 percent solution) 
were performed in Mulatto Bayou on June 24 and 25, 1974 and July 
1 and 2, 1974. During the June study 0.9 kg (1.9 lbs) of dye was 
discharged at the north and south inlets to Mulatto Bayou, and 
1.3 kg (2.8 lbs) was discharged at each inlet during the July 
study. In both studies, the dye was uniformly distributed across 
the mouths of the inlets at the beginning of a flood current. 
The methods used to collect the samples during the June study 
were the same as those described previously (see this chapter; 
Circulation in Escambia Bay; Methods). During the July study all 
samples were collected at a depth of 0.9 m (3.0 ft) using a pump 
system. All dye concentrations were determined at the EBRS 
laboratory using equipment previously discussed (see this 
chapter; Circulation in Escambia Bay; Methods). 

Environmental Conditions 

Environmental conditions during the dye studies are described 
in Table 6- 1 O. 

Results and Discussion 

Water movement into Mulatto Bayou through the north and south 
inlet on a flooding current was rapid during the tracer studies 
(Figure 6-24). The dye discharged at the south inlet was 
transported to the mouths of the finger canals and about 0.2 km 
into the northern area of the bayou during a flooding current. 
The dye discharged at the northern inlet was transported into 
most of the northern section of the bayou and Mulatto Bayou 
during a flooding current. The dye did not enter the finger 
canals or the eastern arm of the northern area of the bayou in 
detectable quantities during one flood current. Short circuiting 
of waters, which entered the bayou through the south inlet and 
exited through the north inlet during a flooding current was 
observed by Livingston et al., 1972, but did not occur during 
these studies. 

A minor fish kill occurred in the southern area of the bayou 
during the July study. Wind eventually transported most of the 
dead fish that accumulated on the shoreline of the bayou into the 
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two eastern finger canals. As the fish decomposed, a highly 
visible algae bloom developed in the canals and subsequent east 
winds transported the bloom into the main portion of the southern 
area. The partially constructed finger canals in Mulatto Bayou 
should be sealed off from the rest of the bayou to eliminate 
depressed dissolved oxygen concentrations that could be caused by 
a slug of organic material entering the bayou from this area. 
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SEDIMENTATION 

Introduction 

7 - BAY SEDIMENTS 

The sand and mud sediments of the Pensacola Bay system are a 
result of watershed erosion since the Pleistocene Epoch. During 
the Pleistocene, the Citronelle deposits were reworked and 
intermixed with marine terraces (Marsh, 1966). These deposits 
are now eroding and therefore determine the minerology of the bay 
sediments. 

Terrestrial geology of the Escambia Bay watershed includes 
principally unconsolidated sands, silts, and clays of the Coastal 
Plain Province, which were deposited before the shoreline of the 
continental mainland reached its present position (Walker and 
Carlisle, 1960) • Horvath ( 1968) and Goldsmith ( 1966) reviewed 
the literature and reported this layer is underlaid by a veneer 
of Pleistocene terrace deposits overlaying Tertiary beds of sand, 
silt, and limestone. The Citronelle formation is the only 
formation that crops out in this area and consists of layers of 
sand, gravel, iron-cemented sandstone, fossil wood, and lenses of 
kaolinite (Marsh, 1966). Bluffs along the west bank of Escambia 
Bay have many such outcroppings. 

Clay contributed by the Escambia River is mainly kaolinite, 
with smaller amounts of montmorillonite and some vermiculite, 
illite and gibbsite. The Escambia River is intermediate in clay 
minerology between the extremely kaolinitic Apalachicola River 
and the less kaolinitic Mobile River (Griffin, 1962). Escarosa 
I, Figure 184 (1973) effectively shows the influence of the 
kaolinitic flows into the northeastern Gulf and the increasing 
influence of the montmorillonite group westward and offshore. 
The Mississippi River discharges primarily montmorillonite clays. 

Practically all clays entering Escambia Bay via the river are 
retained within the bay (Escarosa I, 1973). Much is deposited 
within the delta area with the remainder settling through~ut the 
bay. 

Much of the sand entering the estuary is dumped in the delta. 
area; however, some enters the bay by littoral drift and is moved 
indiscriminately by wind and tidal current. Escambia Bay beach 
slopes and shoreline configurations are constantly changing due 
to these processes. 

Horvath (1968) defined the sediment of the Pensacola Bay 
system, including Escambia Bay, based on 214 samples taken with a 
LaFonde Di~tz sampler. Until then, only two other samples had 
been taken in the system by Griffin (1962). One sample from the 
nearshore beach area was taken by ~su (1960), and Martens (1931) 
made a study of sand samples in the vicinity of Pensacola. 
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Jeff~ey and Moskovits (1955) reported on 
Pensacola Bay system. At this Escambia Bay test 
was reported as moderate to heavy. 

silting in the 
site, silting 

The bay to the immediate west of Pensacola Bay was studied by 
Parker (1968) who did a sedimentological study of Perdido Bay and 
the adjacent offshore area. He concluded the deeper water 
sediments are composed predominantly of silt and clay and the 
nearshore region of the bay to be quartz sand. Goldsmith (1966) 
did a sedimentological study of Choctawhatchee Bay which is east 
of Pensacola and found a quartz sand shelf ~round the margin of 
the bay, and the center of the bay contained a clay size sediment 
brought in by the river. The western portion of the bay lacked 
clay deposits and consisted of relict quartz sand. 

The University of west Florida, under a Sea-Grant project, 
has sampled fifteen stations in Pensacola Bay and are currently 
analyzing the top 15 centimeters of each core. 

The objective of the EBRS sediment study was to characterize 
sediments and their related distributions in the. system. 
Relationships of sediment-benthic macroinvertebrates ·will also be 
discussed in another chapter. Previous reports (FWPCA, 1970; 
Hopkins, 1973) discuss sludge beds in various portions of the 
bay •. The present study was designed to determine the extent of 
any unusual organic deposits. 

Sampling Stations 

cores were collected at a total of 207 stations in · .the 
Pensacola Bay estuary during the present study (Figure·1..,.1 and 
Appendix 7-1). A group of 85 stations was located· in Escambia 
Bay on east-west transects. The inshore station on each transect 
was 15 meters from shore, the next station was 100 meters from 
shore, and all others on the transect were 900 meters apart. 
Transects were 1000 meters apart in the nortn-south direction. 
Fifty-nine additional cores were taken on the above transects and 
transects within East and Blackwater Bays and Santa Rosa Sound, 
with location based on cross-sectional profiles of the bay 
bottom. Appendix 7-2 is a list of these stations and their 
habitat type. 

A third group of 48 stations was sampled at discrete 
locations in East Bay, Pensacola Bay, and Blackwater Bay. In 
additiori, Six stations were iampled in Chocta~hatchee Bay (Figure 
7-2) and nine in the Panama City bay system (Figure 7-3). 

Methods 

Sediment cores were taken with a three-inch diameter piston
type corer to a depth of one meter. The top 15 cm were removed 
for physical and chemical analyses and transported in plastic 
containers on ice to the laboratory. When samples were not 
analyzed immediately, they were frozen. Of the 207 cores, 85 
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were analyzed for physical parameters by Escambia Bay Recovery 
Study using methods described in EPA's Biological Field and 
Laboratory Methods, (EPA-670/4-73-001) and the remaining cores 
were analyzed by the Sedimentological Laboratory of the Geology 
Depar~ment, Florida state University. The Sedimentological 
La~oratory used a settling tube for the sand fractions and the 

_,pj.-p,e'tte method (Carver• 1971) for separating the silt and clay 
~fractions. 

·,,,- / 

EBRS determined all chemical parameters except the metals and 
pesticides which were determined by surveillance and Analysis 
Division, Athens, Georgia. Chemical analyses methods were 
conducted according to the EPA Chemistry Laborat~!Y Manual, 
Bo~tom sediments. Great Lakes Region, FWQA, 1969 with 
modifications for automated analyses. 

, ·Fifteen core samples were taken throughout Pensacola Bay by 
the University of west Florida using SCUBA and hand-held core 
tubes (Figure 7-1). EPA, surveillance and Analysis Division, 
Region IV conducted the chemical analyses for metals and 
pesticides. 

Depths of bottom contours were determine1 with a sur~ey grade 
recording fathometer. 

Results 

Data from analyses of sediment core samples taken from the 
Pensacola Bay system, Panama City bays, and Choctawhatchee Bay 
are presented in Appendix 7-3. These data include physical and 
chemical parameters for each individual station. 

Bay Bottom Profiles 

Profiles of bottom contours taken on seven benthos transects 
are shown in Figure 7-4. In general, these profiles show a 
broad, almost flat central basin of primarily mud gently sloping 
to a near-shore zone of steeper gradient (called a transition 
zone in this report) and then, next to shore, a sand shelf. The 
width of the shelf varies throughout the bay. This condition 
exists throughout the adjacent bays in the Pensacola Bay system. 
In the Benthic Macroinvertebrate section of this report the 
different communities are related to the three types of 
sediments, i.e., sand shelf, muddy plain and transition zone. 

Sediment Particle Size Characterization 

Sand-Silt-Clay 

Like most bays in the northern Gulf of Mexico, the near-shore 
is predominantly sand in Escambia Bay. Figure 7-5 shows the 
relationship of depth to sediment type, with sand above the two m 
contour and particles becoming smaller with increasing depth. 
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Normally, sediment types are continuous and parallel to the 
shoreline throughout the bay with a more gradual change in 
sediment type on the eastern shore. However, there is 
discontinuity in this pattern in the lower portion of the bay 
where fine to very fine sand interrupts the normal deposits of 
sandy silt. The result is a saddle of sand across the muddy 
plain. This interruption is shown in Figure 7-5 and also on the 
figure for sand fraction grain sizes (Figure 7-6). 

A possible explanation for this saddle effect is the offshore 
movement of sand at Devil Point originatin~ from littoral sand 
drift. Water depth contours indicated a large bar extending 
eastward from this point. During revegetation studies in this 
area, plantings were covered with 7.6-12.7 cm (3.0-5.0 in) of 
sand in a two-month period. In water depths of 0.6~0.9 m (2.0-
3.0 ft), there is extensive sand movement, and possibly this is 
occurring to some degree in deeper waters in this general area. 

In East Bay and Blackwater Bay the same trend existed as in 
Escambia Bay, i.e., a gradient from coarse to fine particles 
toward midbay. In Pensacola Bay, sediment distribution was 
similar except in areas where dredging had occurred (Hopkins, 
unpublished data). There has been extensive dredging and filling 
throughout Pensacola Bay within the last 60 years, and much of 
the shoreline has been filled to provide port development and 
various real estate projects. Most of this fill material was 
dredged from the bay. consequently, there are large portions of 
the bay that are deeper than normal near the shoreline. 

Silt and clay fractions have been combined and are termed mud 
in this report. In Escambia Bay, about 50 percent of the bay is 
covered with sediments that have a composition of 80 percent or 
greater mud (Figure 7-5). This is not unusual as most bays along 
the northern Gulf coast have broad muddy basins. Table 7-1 lists 
data from six bays in this area and indicates that all have 
similar mud and clay contents. Masch and Espey (1967) discuss 
muddy sediments, their resuspension and "fluid mud" phase, in 
relation to consolidated or semi-consolidated muds being 
resuspended by man•s activity or natural activities. Their ~ork 
in Galveston Bay was concerned with resuspen1ed sediments from 
dredging and their effects on oyster reefs. Their consensus was 
that sediments with >80 percent mud or >50 percent clay could 
develop "fluid muds" which could travel considerable distances 
and affect many benthic communities. There are in Escambia Bay 
many oyster beds which could be similarly affected if the muddy 
central basin were altered, unless remedial measures were taken 
during the project. The present study defines the benthic 
community (Benthic Macroinvertebrates, Chapter 11) that now 
exists in this muddy plain. 
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'!able 7 - 1. 1?2r-::ent of mud in sediiuents (top 15 cm.) from ::2ntrul 
tasiz;s oi six northw.;~st Flor-ida b,iys. ~• 

Eay 

Escambia Bay 

East Bay 

Pensacola Bay 

Choctci vh:1 tchee 

Bays at Panama 

Blac kw .i te r- Bay 

Ray 

City 

Number of 
Stations 

17. 

4. 

1. ** 
6e 

7. 

1. 

Mean 
Depth 

{.m-). 

3,3 

4.2 

d.4 

5.2 

6.3 

2.6 

Pe-re.ant 
Mmi 
(%) 

91.36 

813.34 

9 7. :i 7 

98.00 

91.43 

94.78 

Per-cent 
Chy 
( ~) 

50. 6 3 

64.69 

6 0. 0 5 

7].93 

6 2. 19 

7C.3J 

* Data generated from samples that have either great~r- than 30% mud 
or greater ~han 50¼ clay. 

**Station near- a cec~nt channel dredging project and pr-obably this 
statiou dredyed in the past ye~r. 

Triangle diagrams are a useful technique for comparing 
sediment characteristics by presenting an array of points based 
on· percentages of sand, silt, and clay fractions from a given 
sample as shown at A, Figure 7-7. Mud, sand, and transition zone 
stations in Escambia Bay are shown at B, Figure 7-7. The sand 
shelf group was classified as sand only;· however, the transition 
zone and mud plain stations were arrayed from sand to clayey 
silt. It is not unusual for the latter two groups to have a wide 
classification since station locations were selected by bottom 
profiles, depth, and slope of the bottom rather than by sediment 
grain sizes. Therefore, the term "mud plain" refers to a 
location rather than a muddy bottom; however, in most cases the 
mud plain does consist of mud. Ordinarily, these mud plain 
stations would not fall into a sand classification in northern· 
Gulf of Mexico bay sediments. This study was in good agreement 
with Shepard and Moore's (1955, p. 15) work in the central Texas 
bays. Arrays of sediment types from East Bay, Blackwater Bay, 
Choctawhatchee Bay, Panama City bays, and Santa Rosa sound are 
shown at C through F, Figure 7- 7. · 
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Sediment Chemistry 

Volatile Organics 

Volatile organics in Escambia Bay are directly correlated to 
the depth of the bay (r = 0. 7729, p<. 0 1) (Figure 7-8) • South of 
Lora Point, in Escambia Bay, the western shore has a sharp 
gradient from low to high percent volatile organics progressing 
from nearshore to bayward. Along the western shore north of Lora 
Point and throughout the eastern shore there is a more gentle 
gradient from shore to deeper water. Volatile organics at the 
transition zone stations averaged 3.97 percent, whereas the mud 
plain and sand shelf stations averaged 7.38 and 0.59 percent, 
respectively. A comparison of upper bay and lower bay stations 
(using the Land N trestle as a divider) by analysis of variance 
indicated no difference in the volatile organics (F = 2.827, p = 
0.091). 

the Land N trestle to 
collecting in this area. 
intervals across the bay 

Additional samples were taken around 
determine if high organic sediments were 
Six stations north of the trestle at 
(Figure 7-1) and six stations on the 
unusually high organic concentrations. 

south side revealed no 

A comparison of volatile organics in Escambia Bay sediments 
with other bays throughout the Pensacola Bay system and other 
northern Gulf of Mexico bays indicated no unusual concentrations 
in Escambia Bay sediments. EBRS stations in East Bay yielded 
concentrations similar to those in Escambia Bay for similar water 
depths. Also, the one EBRS deep water station in Pensacola Bay 
had a similar value as a comparable deep water station in 
Escambia Bay. The University of west Florida sea Grant Study 
concentrations (Hopkins, unpublished data) for East Bay and 
Pensacola Bay showed Pensacola Bay had somewhat higher 
concentrations of volatile,organics (x = 11.32) than East Bay (x 
= 7.46). There was a gradient of lower volatile organic 
concentrations from shaliower waters in the upper portions of 
East and Escambia Bays to deeper waters in Pensacola Bay. 
However, volatile organics decreased from mid-Pensacola Bay 
toward the Gulf of Mexico inlet where the inlet station had 3 
value of 0.14 percent. 

Volatile organics concentrations from northeast Gulf bays 
were similar to those obtained in Escambia Bay (Table 7-2). 
Escambia Bay has a normal distribution of organic material 
throughout the surface sediments with the exception discussed 
below •. 

Regression analysis of organics vs. depth revealed certain 
stations falling outside the upper 95 percent confidence limit. 
These stations included three that were near the Northeast sewage 
Treatment Plant, which discharges near the western shore at 
Bohemia. It was suspected that the STP effluent was causing 
these unusually higher concentrations. The area around the STP 
discharge that had higher than usual concentrations covered 
approximately 200 acres. Two stations located in the oyster bed 
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'Iable 7 - 2, Percent volatile o.r':la11ics ill sur.-face s'":lim2nt,:; in nor.-th~a.st 
Gulf of Mexico bays and sounds. 

Percent No, of 
A.rea Volatile O.rganics stations Source 

Escambia. Day 0,07 - 26, co 150 EBRS 
Mississippi River- 0,50 9, 40 4 Lin:lber-,1, "' ~ ... .:, . (1973, 
Mississippi Soun:i 0. 1!) 23, ~lO 3d EPA (uupublishc?li datat 
!'lobile Bay 0,59 - 13, [11 30 EPA 
l'lobile Hay 5, 5·J - l1, 40 2 Lindberg, F..-s. ( 197 3, 
l'lobi.Le 83.y 10. 2'.) 19, 30 2 Lindber.-y and Harr.-iss ( 19 7 3) 
Per-dido Bay 2, 20 14. 1 C 17 EPA (,rnpuhlished data) 
Pensacola. Bay 18, U5 - 25,30 2 O:iJHS 
Elac'<water- Bay 4,30 13, 8() 10 r.:PA (un;rnblished <latd) ,Ei3HS 
East Day (PP.nsacola) O. JO 27,71 U!:l F:,US - UWF 
Choctawhatchee Bay 0. 1;) 17. 20 5 SPA (unpubli::;hed ila ta) 
Choctawhatchee !jay 8.42 - 24, '.",2 6 ,rnr:s 
St. Andr2ws Bay 4,76 - 25,68 3 EiJPS 

North Bay, Panama City 13, 4 LI - 16, 1)5 3 EBP.S 
West iJ d y, l:'anama ::ity 12,0C 13,1)(! 2 EJRS 
East Ray, Panama ::ity 4. •n SBKS 

areas near the eastern shore also had high concentrations which 
were likely caused by physical trapping of organic particles 
within the oyster bed and the concurrent fecal droppin~s of the 
oysters. Another area of abnormally high volatile solids was the 
ship channel under the Interstate 10 bridge and Land N Railroad 
trestle. Microbial activity (discussed further under the 
Microbial Activity section) was also high at this site. 

Biochemical oxygen Demand (BOD 5) 

Higher B00 5 values were positively correlated with deeper 
waters of Escambia Bay, however, some of the highest concen
trations were not necessarily related to the deepest areas. The 
area with B0D5 values equal to or greater than 900 mg/g was the 
deeper portion of the upper half of the bay (Figure 7-9). The 
two stations in Escambia Bay with the highest concentrations were 
in the northeast sector near industrial discharges and river 
delta marshes. Material developing this demand are organic 
deposits resulting from both natural and man-produced introduc
tions. Industries adjacent to the bay are presently discharging 
organics, and in years past they discharged even greater amounts. 
Dissolved organics from river water sources and industries are 
flocculated upon contact with saline water. Although no specific 
studies were designed to determine a zone of flocculation in 
Escambia Bay, the area of maximum BOD 5 deposits was the zone of 
maximum contact of fresh river water with saline waters. 
Although flocculation occurred throughout the water column, 
including shallow waters, there was resuspension by wave action 
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with ultimate deposition in the upper two-thirds of the bay as 
shown on Figure 7-9. 

Average BOD 5 concentrations for sand shelf, transition zone, 
and mud plain stations were 306, 603, and 733 mg/g, respectively. 
Analysis of variance indicated sand concentrations were different 
from transition and mud concentrations, but the transition 
concentration was not significantly different from the mud 
concentrations. (mud and tran: F = 1.134, df = 22, g>0.05; mud 
and sand: F = 20.848,·df = 26, p<0.01; tran and sand: F = 
12.378, df = 22, p<0.01) 

The eight BOD 5 samples taken in East Bay w.ere less than 500 
mg/g. Three stations in Blackwater Bay averaged 705 mg/g. 
Central portions of Choctawhatchee Bay (eight stations) had· 
higher concentrations than all but one station in Escambia Bay. 
A centrally located station in Mulatto Bayou had a BOD5 concen
tration of 1110 mg/g. Three other bayous off Pensacola Bay had 
equally high concentrations. Catfish Basin off Black~ater Bay 
had a low BOD 5 concentration, while in the four bayous listed 
above with high concentrations various organic wastes were not 
assimilated completely. 

When compared to other bays, Escambia Bay BOD5 concentrations 
were not unusually high. 

Total Phosphorus 

Spatial distribution of total phosphorus ih Escanbia Bay 
sediments followed the depth contours (Figure 7-10). Higher 
phosphorus concentrations were found south of the L and N 
Railroad trestle in waters generally deeper than 2.44 meters (8~0 
feet). The four stations with highest concentrations (> 0.4 
mg/g) were found near the trestle and Interstate 10 bridge. 

At comparable water depths, concentrations in East Bay ~ere 
lower than those in Escambia Bay. The one station sampled in 
Pensacola Bay had a concentration of 0.468 mg/g. _The trend in 
Choctawhatchee Bay was for higher phosphorus concentrations in 
the upper bay (near the river) and lower concentrat'ions near the 
Gulf inlet. Depths at these stations, like Escambia Bay, were 
shallow in the upper bay and deeper toward the Gulf. Phosphorus 
concentrations in Choctawhatchee Bay were similar to the higher 
~oncentrations in Escambia ·Bay (> O. 3 mg/g) • A comparison of 

-total phosphorus in mud sediments of Escambia Bay to other 
northwest Florida bays is presented in Table 7-3. 

Phosphorus concentrations in the Panama City bay system did 
= 0.515, p<0.01) with depth; not have a good. correlation (r 

higher concentrations were found 
industrial complexes. of the 
three concentrations were greater 
concentration in Escambia Bay 

near population centers and 
eight stations in this system, 
than 0.6 mg/g. The highest 
was 0.54 mg/g near the Land N 

Railroad trestle. 
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1able 7 - 3. Total phosphorus, organic nitrogen, and organic carbon in mud 
sediments from northwest Florida, 

-----------------·-----------------------------------------------------------

Location 

.Escamoia Bay 

.East Bay 

Panama City bays 

Choctawhatcnee liay 

Pensacola Bay 

Number 
of 

Samples 

19 

5 

9 

6 

Medn 
Total 

Phosphorus 
(JJg/g) 

248,8 

195,6 

468,9 

350.7 

468,0 

Mean 
Or::,anic 
Nitrogen 
(mg/g) 

0,57 

0, 59 

1. 18 

1. 60 

J, 71 

Mean 
Organic 
:::arbon 
(mg/g) 

31,4 

33. 7 

58,6 

59.0 

35.4 

Total phosphorus concentrations in the bayous of the 
Pensacola Bay system were lower than concentrations found in 
deeper water stations of the bays. 

Phosphorus concentrations in Escambia Bay 
East Bay but lower than Pensacola 
Choctawhatchee Bay, and Panama City bays. 

Organic Nitrogen 

were higher than 
Bay (deep water), 

Organic nitrogen distribution was similar to total phosphorus 
in that both had concentrations that tended to correlate with the 
natural depth contours; highest concentrations were below the 
Interstate 10 bridge in deeper waters in Escambia Bay (Figure 7-
11). East Bay had consistently lower concentrations than 
Escambia Bay. Choctawhatchee Bay stations had organic nitrogen 
values that were positively correlated. with depth «ith one 
exception. The station nearest the river had a concentration of 
1.3 mg/g, whereas the next deeper station was only 0.8 mg/g. 
Choctawhatchee Bay was very similar to Escambia Bay in organic 
nitrogen concentrations and their distribution. The Ala~ua Bayou 
station off Choctawhatchee Bay had a high concentration that was 
associated with sawdust present on the bayou bottom. Organic 
carbon was also high at this station. 

Bayou stations in the Pensacola Bay system had lo# 
concentrations of organic nitrogen compared to bay stations with 
sediments of similar physical characteristics. 

Mid-bay stations 
concentrations (x = 
Escambia Bay. 

in the Panama City bays had lower 
21.5 mg/g) than mud stations in central 
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Both Escambia Bay and Choctawhatchee Bay had relatively large 
river inflows and similar organic nitrogen concentrations. 
Conversely, East Bay and Panama City bays had lower organic 
nitrogen concentrations and less freshwater inflow. Escambia Bay 
sediment did not seem to have unnaturally high organic nitrogen 
concentrations. 

Organic Carbon 

The distribution of organic carbon in the Pensacola Bay 
system was similar to that of total phosphorus and organic 
nitrogen; that is, as muddy sediments increased, concentrations 
increased. Figure 7-12 showed highest concentrations were at 
midbay in deeper waters in 1973. These high concentrations were 
similar in both the upper bay and lower bay. 

Figure 7-13 showed the relationship of organic carbon in 
Escambia Bay and East Bay in 1974. In both bays the lower 
concentrations ·were near-shore and higher concentrations in 
midbay. 

There was no apparent significant change in organic carbon 
concentrations in the sediments in 1973 compared to 1974 (Figures 
7-12 and 7-13). Table 7-3 compares organic carbon (chemical 
oxygen demand) within four bays and indicates Escambia Bay had 
the lowest concentrations. The average of the Panama City bays 
was high because one station was near a paper mill waste 
discharge. Escambia Bay sediments did not have any unusual 
concentrations of organic carbon. 

Polychlorinated biphenyl (PCB)· 

Aroclor 1254 (a trade name for a PCB) was found throughout 
the sediments of the Pensacola Bay system (Figure 7-14). The 
range of values was 0.0 to 1500 µg/kg (ppb). The mean of 54 
stations was 71.4 µg/kg, including ten stations where Aroclor 
1254 was not detected. Station C-15 located in the Escambia Bay 
barge channel had the highest value at 1500 µg/kg. Escambia Bay 
transects G and o, each with three stations representing sand, 
transition, and mud had the following PCB concentrations in 
µg/kg: 

Sand stations 

GC 

oc 

9.8 

20.0 

Transition stations 

GB 

OB 

45.0 

43.0 

Mud stati~ns 

GA 

OA 

70.0 

86.0 

Analysis of these data indicated a trend to higher PCB's in finer 
particles. This trend is prevalent throughout the entire bay 
system. 

During February 1974, two cores taken near Air Products• and 
American Cyanamid's discharges had concentrations of 245 and 250 
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Figure 7-14. Polychlorinated biphenyls (l\roclor 1254, µg/kg) 
distribution in surface sediments (top 15 cm.) in the 
Pensacola Bay system during 1974. 
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µg/kg of PCB. Since these are relatively high concentrations 
compared to most of the bay, ten additional stations on a 
transect between these discharges were sampled by coring. The 
range of these concentrations was <80 to 340 µg/kg (ppb). 
(Analyses performed by the EPA, NERC, Gulf Breeze Research Lab). 
organic scans with gas chromotography and electron capture 
detector in 1972 did not reveal any PCB's in either of these 
industrial discharges. During this study there was no sampling 
of these discharges. 

Station B-11C (a channel station) had a concentration of 78 
µg/kg while B-11, which was adjacent to the channel but on the 
mud plain, had a concentration of 45 µg/kg. The channel acts as 
a trap for fine sediments which in turn are attractants of PCB 
molecules. Since PCB can be incorporated with clay and silt 
particles and also organisms can accumulate the material, 
eventually PCB will accumulate in deep water sediments. ~ny 
material deposited on the sediment will be reworked deeper into 
the sediment by organisms, and therefore, be available for uptake 
by benthic infauna. 

An industrial leak of Aroclor 1254 was discovered and stopped 
in 1969 upriver of Station A-10. This station is influenced 
greatly by freshwater flow from the river and has a low salinity 
(annual average one foot above bottom is 7.8 ppt). There is an 
accumulation of upland vegetative debris at this station. This 
station had a relatively high concentration of Aroclor 1254 (210 
µg/kg). 

PCB's in sediments of Escambia Bay have been analyzed at 
intervals since 1969 (Nimmo, et al, 1975). Their discussion of 
sediment data from 1969 to 1971 shows a consistent decline of 
PCB. samples for Aroclor 1254 taken in 1972 at eleven sediment 
surface stations ranged from <100 to 5700 µg/kg (EPA, Gulf Breeze 
Laboratory) • 

It appears that PCB is d'iminishing from the sedill'E nts at a 
rate of about 90 percent per year. 

Pesticides 

sediments were analyzed for twenty-one pesticides listed in 
Appendix 7-4. Five pesticides were detected during ihe present 
study. 

ODE, a derivative of DDT, was found in sediments during this 
study in Blackwater, East, and Pensacola Bays, but not in 
Escambia Bay. Concentrations ranged from non-detected to 1.9 
µg/kg. In Choctawhatchee Bay, the range was from non-detected to 
17.0 µg/kg. ODD was found at one station in Choctawhatchee Bay 
(2.5 µg/kg). DDT ranged from 1.2 to 2.8 µg/k~ at three stations 
in Choctawhatchee Bay. 
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Diel1rin was found only in Escambia Bay at concentrations of 
0.12 to 0.43 µg/kg at four of the 13 stations. 

Mirex was found at the station 
River mouth in Choctawhatchee Bay 
µg/kg. 

nearest the Choctawhatchee 
at a c~ncentration of 0.95 

Dieldrin is highly toxic to estuarine· organisms and its 
presence in Escambia Bay sediments creates a definite threat to 
the bay ecosystem. This pesticide probably entered the estuary 
through .lawn fertilization and ant control measures. It is 
presently not used to any great extent and in the future will 
likely not be available for public use. 

Lead 

The sandy shelf area along the margin of all bays in the 
Pensacola Bay system had lower concentrations of lead (<10 µgig) 
than did deeper mid-portions of the bays. Muddy portions of the 
system had concentrations from 10 to 38 µg/g except Bayou Texar 
and Bayou Chico, which had values of 54 and 64 µg/g, 
respectively. Comparing muddy stations in the upper and lower 
portions (above. and below the L and. N Railroad trestle) of 
Escambia Bay, there were higher concentrations below the trestle 
by a factor of two. concentrations in East Bay were about 'the 
same as the lower portion of Escambia Bay. Deep water stations 
in Pensacola Bay had higher values than deep water stations in 
Escambia Bay except those stations toward the Gulf inlet. Five 
stations along the northern margin of Pensacola Bay and in the 
bayous along the north shore had concentrations that were the 
highest for the entire bay system. These stations were 
influenced by the City of Pensacola's wastewater discharges. 
Lead concentrations in Choctawhatchee Bay were the same as in the 
lower portion of Escambia Bay. Lead concentrations did not seem 
excessive in Escambia Bay compared to Pensacola Bay and two 
relatively unaltered bays. Further comparison (Table 7-4) with 
other sediments indicated Escambia Bay had less lead 
concentrations than Mississippi coastal areas, Chesapeake Bay, 
Galveston Bay, and Mobile Bay. 

Zinc concentrations were lower in the shallower sand stations 
compared to deeper muddy stations in the entire Pensacola Bay 
system. Upper Escambia Bay had lower concentrations than the 
lower bay .within mud stations. There was no significant 
difference in lower Escambia Bay and East Bay within mud stations 
(t = 0.44, df = 1, p>0.05). Bayou Texar had a high concentration 
(150 µg/g) compared to the highest value of 85 µgig in Escambia 
Bay. Bayou Chico had a concentration of 1200 µg/g in its mud, 
which was quite high compared to other bay systems in the 
northern Gulf of Mexico (Table 7-5). Escambia Bay values ~ere 
lower than those from Pensacola Bay, industralized areas of the 
Mississippi coast, Galveston Bay and Mobile ·Bay. It had values 
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table 7 - 4 • Lead concentrations in surface scjiments oC sel~cted b4.ys. 

--------------------------------------------------------------------------------------------

System 

fsca11bia Bay 
Pensacola Bay 
Ea.st ~a.y 
£scatavpa River Estuary 
Pascagoula River Estuary 
Bayou Cd.sotte 
Rississippi Sound 
turkey :reek, ~is~. 
Gultport sea.way & Bayou Bernard 
Bioloii Backbay 
Cbesar1eake .Bay 
Galveston Bay 
Blackwater. Bay 
Choctawba.tchee Bay 
Panama City Bays 
ftobile Bay, Ala. 

Concentration 
(pp~) 

~ean "in. Rax. 

18.5 
39.B 
16.2 
18.1 
25.J 
JO. 8 
15.2 
<Q •. O, 
20. J 
22;5 
42.6 
26.8 
13.0 
26.1 
23.2 
28.4 

<2.0 
<5.0 
2.0 
2.4 

<4.C 
4.7 
a.a 

<4.0 
4.4 

17.0 
9.0 
2.0 
J.O 

.12. 0 
6.0 

43.~ 
64 .o 
31.0 
Q4.0 
q4 .J 
qg.c 
23.0 

38.~ 
34.v 
60.J 
4&,0 
29.0 
Jq,J 
4 2 .J 
86.J 

Numbt!r of 
Jbservations S~urce 

2•~ 
18 
11 
18 

4 
J 
4 
1. 
4 
4 
5 

·5 
7 
a 
9 

29 

EBRS 
u~r - EPA, Begion Ii 
EBBS 
BPA., Region IV 
EPA, Beg ion [ V 
EPA, E.egion IV 
EPA, Hegion lV 
EPA, Region LV 
EPA, Begion [V 

EPA; Bey ion l Y 
Sommer and Pyzik, 1974 
Holland a~d ~•ci~lek, ~973 
EBRS - EPA,. Segi~n [V 
EDBS - EPA, Begi~n IV 
EBBS 
EPA, Beg ion [ V 

table 7 - 5. ~inc concehtrations io surtace seiiments of select~d 011s. 

System 

Escambia Bay 
Pensacola Bay 
East ~ay 
Escatavp~ Niver Estuary 
Pascc1.youlct. ~iver Estuary 
Bayou Casotte 
ftississippi Sound 
turkey creek, Kiss. 
Gulfport S0d.WclY & Bayou Seroard 
Bioloxi Sack bay 
Chesaveake Bay 
Galveston Bay 
Blacb1 ater nay 
Cboctawh1tcnee Bay 
Panama City Days 
Nobile uay, Ala. 

C.Jnceotration 
IPP•) 

~edn ~io. ~ax. 

4 3. 2 1. C 98.: 
140.3 1.c- 1200.2 

28.B 
71. 4 c.B 230,: 
51;2 2.2 121.: 
9J. 5 14. 6 151, ~ 
31.c 19. ~ 467.J 
•.7 

JQ.ij 4.8 65.4 
36.8 9.5 5 3. J 
no data 
66.2 32. ry 122.~ 
19.7 4.0 53.: 
45.B ,.o 59.J 
37. 9 15,0 88.~ 
9J.3 1:.. ·: 292.1 

Number of 
1oserv~tions Source 

2~ EUS 
HI UWF - EPA, 
12 EBBS 
18 ZPA, Region 
u EPA, rlegioo 
J EPA, Region 
4 l!PA, BegioD 
1 EPA, Region 
4 Ei!A, Region 

EPA, Region 

5 Holland and 
7 EBRS - EPA, 
8 EBRS - EPA, 
9 ESRS 

3J EPA, Hegion 

table 7 - 6. Cl1ro~ium conc~ntrdtions in surrdce s,~dim~nts of s~l~ctej hiys. 

System 

Escaml>ia Bay 
Pensacola bay 
East !)a y 
l:SCdt,liq.>:l :i i v~r ~5tuat·y 
FasCa-JOUla ~'.i ver ".:::stuary 
Eayou ~asotte 
Plissi:-;si?Pi Sound 
!urkey Creek, Mi ~-.s, 
Gulfport S~..lV.iy ; bayou DcL·nard 
Biolox.i Back"ody 
Che!>dt-Jeail.e Jay 
Galve~ton Jay 
Dlack-..c1.ter nay 
Choct;1whttchc.:! , 1y 
fanJ<!M City fllyS 

C.Jnct:ntrtition 
IPP•) 

~ean ~in. ~~x. 

J9. 7 4. ) 11 C.: 
;5.1 1 i, ( 7~.( 
Ja.u u. ';. 5~.~ 
21.) 1. 6 39,'; 
2,J. 3 <•. •:. Q 3, b 

2:6.5 7. 1 13U,} 

16.d 7.2 3 ~-. :3 
(I.I.:· 

14.6 5. 1 34,5 
11.: 

11U,, B.·~ 134. G 
~-~. L& 14. ': 8 9.: 
1 J, 1 S. c 4 2, ~ 
71, 2 ~~. :• 84. '.· 
55. 1 1 D, : 75.' 

tlumD.?r ot 
1bservitions S~ur=e 

2) rn:,s 
1tl !IH - EPA, 
1: '::~ i\S 
1J :r.•., Hi:.'gion 

4 ::pA, Regio:i 
3 ::'.:?A, ~egion 

EPA, Heqion 
;;'.i>A, Region 
:; PA, Re~ion 

4 ~?A, fi.eqi:>n 
5 S0111m~r an:.l 
5 i13l1.,nd :t.n.l 
5 :::o:-.s - :::rA, 
6 ;:;ors - Li>A, 
9 =.·3ns 

tabl<! 7 - 7. :idmium co11c~nlrct.tions in surt~ce seJi1~~nts of selecteJ b3ys. 

Region IV 

IV 
IV 
1V 
IV 
IV 
1V 
IV 

,ici:>lek, 1973 
Regi.JD IV 
Begion [V 

IV 

r-.e~ion IV 

IV 
IV 
LY 
IV 
IV 
IV 
IV 

Py zi c, 1974 
:1.,ci:>lek, 1n3 
fi£-gion IV 
l"' egi.Jn IV 

-----------------------------------------------------------------------------------------------·- . __ 

Syst~M. 

Escdmhia Bay 
Pensacol:1 Bay 
East h.1y 
Escatavp1 hiver Estuary 
Fasca~oula giver Estuary 
Eayo,1 casottt:! 
"issi5sippi SounJ 
'I:urkey Creek, Hiss, 
Gulf port Seaw.iy i Bayou Bernard 
Bioloxi Backbay 
Blackwater d~y 
Choctawh•tc"ee Bay 
Pana·m• City Bays 
eobil.; 61 y 

Concentration 
(~pm) 

~ean "in, ~ai. 

<1.0 ,.~ 
<1.0 
o. 9 

<2.J 
<2.J 
<2.•) 
<2.J 
<2.J 
<2.J 
<1.) ,., 
<1.? 

1. 2 

(1.: 

<D.• 

".'.6 
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Number. of 
Jbserv~tions Source 

2) ~B ~S 
12 lJW !1 - EPA, 
1) 2B BS 
Jg ~PA, Reyion 

4 £PA, tle;JiOD 
J 1:;p~, Region 

EPh, Region 
EPA, Region 

4 .t:PA, Begion 
4 EPA, Region 
5 23RS - EPA, 
6 Eaas - EPA, 
~ ~BBS 
~ 2Pi\, Beg ion 

Segion IV 

IV 
IV 
IV 
IV 
IV 
lV 
IV 
Begi~n IV 
Regi_:>n IV 

IV 
:attar J.~.L:llfCi:!DC8 

(µerson:11 com.a:, I 
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about the same as choctawhatchee Bay and Panama City bays and did 
not seem to have any unusual concentrations. 

Chromium 

Stations that were predominantly sand had lower chromium 
concentrations than did those in deeper waters that #ere 
principally mud. Within Escambia Bay the muddy stations in the 
upper bay· had lower concentrations than the lower bay. 
Concentrations in muddy stations in East Bay were about. the same 
as those in lower Escambia Bay. Concentrations in Bayou · Te>ear, 
Bayou Chico, and Bayou Grande were similar to the muddy stations 
in Escambia Bay. Choctawhatchee Bay concentrations were about 
the same as those in Escambfa Bay. Chromium concentrations in 
Escambia Bay did not seem excessive compared to other bays (Table 
7-6). 

Cadmium 

The range of cadmium in the Pensacola Bay system was from 
<0.97 to 2.0 µgig. Four of nineteen stations in Escambia Bay had 
cadmium concentrations ~1.0 µgig. Concentrations in East Bay 
were less than those in Escambia Bay. Bayou Grande and Bayou 
Chico had concentrations greater than 1.0 µgig. Most stations in 
Choctawhatchee Bay had concentrations of 1.0 µgig. Therefore, 
cadmium concentrations in sediments of Escambia Bay were lower 
than those in the relatively unpolluted sediments of 
Choctawhatchee Bay (Table 7-7). 

Copper 

Sandy stations had lower concentrations of copper than muddy 
stations within the Pensacola Bay system.· Muddy stations in 
upper Escambia Bay had lower concentrations than muddy stations 
in the lower bay~ East Bay copper concentrations were lower than 
either the upper or lower bay portions of Escambia Bay. 
Concentrations in Choctawhatchee Bay were about the same as lower 
Escambia Bay. Mulatto Bayou and Bayou Texar had concentrations 
of 10 µgig, while Bayou Chico had 120 µgig. Bayou Chico has a 
long history of receiving heavy metals discharged by industries. 

Compared to East Bay (4.4 µgig), the Escambia Bay system (8.7 
µgig) was somewhat contaminated with copper. Escambia Bay had 
greater concentrations than six areas (35 stations) in 
Mississippi {Table 7-8). It also had higher values ·than 
Blackwater Bay. If only deep water Escambia Bay stations were 
considered, the mean was 11.8 µgig (n =. 13) and deep water 
stations i_n Panama City bays (11.6 µgig) and Choctawhatchee Bay 
(11.3 µgig) were similar. Bayou Casotte, Mississippi, a heavily 
industralized area, · had a mean of 11. 7 µgig. .. conversely, 
Pensacola Bay (19.3 µgig), Chesapeake Bay (35.2 µgig),· and 
Galveston Bay (28.0 µg/g) had higher.values than Escambia Bay 
(Table 7-8) • . . 

7-24 



'Iable 7 - 8, ~oppcr concentrations in surface sedim~nts of selected bays, 

------------------------------------------- ---- -- -- - - -- -- -----

system 

C:>ncentration 
(ppm) 

Nean t'lin. t1;:1.x. 
Number of 

')bservations Sour=e 

---------------------------------------------------------------------------·. -----------------------
Escambia Bay 8.7 1.0 43.~ 2·J EBRS 
Pensacola Bay ·1 19;3 1 .o 120.0 18 OWF - EPA, 

East !Jay 4 :Li 1,') 0.s 10 EBliS 
Escatavp1 River Estuary· 5,9 o. 6 16,0 18 EPA, Region 
Pascayoula River c:stuary 5,7 1, 0 12. 1 4 EPA, Region 
Bayou casotte 11. 7 1.2 20.s 3 EPA, Region 
Mississippi sound 3,7 1,6 b,6 4 EPA, Region 
Turkey Cceek, lliss. < 1, 0 1 EPA, Region 
Gulfport Seavay 6 ·Bayou Dernard 4.5 < 1. 0 11. 1 4 EPA, Region 
Eio lox i aackbay 4,) < 1, •J 6,0 4 EPA, Region 
Chesapea~e Bay 35,2 2 7, 0 54,0 5 Sommer and 
Galveston Bay 28,) 5. 1 80,0 5 Holland and 
Blackwater aay 2,5 <1.0 7,0 5 EBBS - EPA, 
Choctawhatch·ee Bay 11. 3 1 ,. 0 15,0 6 EBRS - EPA, 
Pandma City Bays 11. 6 3,J 4 2.0 9 EBRS 

Table 7 • 'l, Maoydnese concentrations lo surface sediments of selecteJ bays, 

System 

Escambia Bay 
Pensacola Bay 
East 3ay 
Galveston Bay 
Blackwater Bay 
Choctavhatchee Bay 
Panama City Bays 

Concentration 
(ppm) 

!lean llin, llax, 

188.8 5,1) 540.0 
)18,5 3,6 521,0 
188,2 2.7 410,J 
412, 6 212,0 727,0 
105, 6 8,0 263,0 
654. 2 117, 0 1480,0 
129, 8 50. 0 270,0 

Number of 
Observations Sour=e 

20 EBRS 
18 UWF - EPA, 
10 EBRS 
5 Holland and 
5 EBRS - EPA, 
6 EBRS - EPA, 
9 EBRS 

lable 7 - 10, Nickel concentrations in surface sediments of selected bays, 

System 

Escambia Bay 
Pensacola Bay 
East uay 
fscatavpa River Estuary 
Pascagoula River i,;stuar y 
Bayou casotte 
l!ississippi Sound 
turkey Creek, lliss. 
Gulf port Seaway ; Bayou Bernard 
eiolod Backbay 

Concentration 
(ppm) 

Nean !'!in, !!ax, 

8.~ 2,0 19,0 
15. 7 <2,0 28,5 
8,7 <2.~ 15,0 
6,:, (1,6 15,0 
8,J <2. •) 17,4 
8.6 <2,0 12. 3 
7,0 2,4 12, 1 

<2,0 
4,5 <2.0 9,4 
6.6 <2,0 13.0 

Number of 
Jbservations sour=e 

2J EBRS 
18 IJWF - EPA, 
10 EBRS 
18 EPA, Region 

4 EPA, Region 
3 EPA, Region 
4 EPA, Region 
1 EPA, Region 
4 EPA, Region 
4 EPA, Region 

Region IV 

IV 
IV 
IV 
[V 
IV 
IV 
IV 

Pyzi=, 1974 
~aci::, lek, 
Region IV 
Region IV 

Region IV 

~aciolek, 
Region IV 
Region IV 

!legion IV 

IV 
IV 
IV 
IV 
IV 
IV 
IV 

Chesapeake !lay .44.8 33.0 57,0 5 Sommer and Pyzic, 1974 
Galveston Bay 27,8 11.0 57,) 5 Holland and 
Blackwater uay 2,8 1, 0 4,C 5 EBRS - EPA, 
Choctavhatchee Bay 15.6 7.8 20.0 6 EBBS - EPA, 
Fanama City Bays 11,1 (4, 0 17, 0 9 EBBS 

Table 7 - 11, Aluminum concentrations in surface seliments of sele=tei bays. 

system !lean 

Esca11bia Bay 10078 
Pensaco.la Bay 14565 
East Bay 10554 
Blackvatar Bay 4684 
Choctavhatchee Bay 21053 
Panama City Bays 13433 

Concentration 
(ppm) 

Kin, 

300 
64 

36C 
1120 

1660() 
4800 

Number of 
!lax, Jbservatio·ns 

210,0 20 
26000 18 
20000 1·) 
1SOJJ 5 
280,JO 6 
1a0,o 9 

EBilS 
UWF - EPA, 
EBBS 
EBBS - EPA, 
EBRS - EPA, 
EBBS 

!:'lciolek, 
Region IV 
Region IV 

£<egion IV 

Region IV 
Region IV 

1973 

1973 

1973 

---------.-----------------------------------------------------.----------------------------------
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Concentrations around the discharges of American Cyanamid and 
Air Products were higher than other stations in the upper bay. 
copper was apparently accumulating in an area near the 
discharges. 

Manganese 

Sandy stations had lower values of manganese, whereas higher 
concentrations were found at muddy stations. · Within muddy 
stations, _concent~ations in upper bay statlons were much lower 
(by 4 ~ 6_ times) _ ~han lower bay staticms. Bayou stations ·\Ended to 

·_be __ lower than_ open· ~ay stations. _ Concentrations ii) East Bay were 
· about the same as _those in Escambia Bay (Table 7-9). Panama city 
'bays and .. 'Black.water:· . B~y had' lower values than Escambia Bay. 
Pe·nsacola Bay, Galv~ston Bay~ and Choctawhatchee Bay haQ higher 
values than Escambia· Bay· (Table 7-9) • Manganese concentrations 
in Escambia Bay did not seem to be unusual when compared to other 
bays in northwest Flori~a~ 

Nickel 

Nickel concentrations were lower in the sandy stations 
compared to muqdy stations within t~e Pensacola Bay system . 

. Muddy stations apove the· L and N trestle in E_scambia Bay had 
lower· concentrations· than those in mud below the trestle. 
Esccimbi_a Bay concentrations were . about the same as. those in East 
Bay· and the Mississippi coast · (Table 7.:._10).. Pensacola Bay system 
bayous and the Pensacola Bay northern shore stations were similar 
to · Escambia . Bay~· . . Mid~Pensacola Bay stations hag higher 
concentrations than any area of the total system. Chesapeake Bay 
'arid Galveston Bay had higheI:.1:1\eans than Escambia Bay (Table 7-
10). Choctawhatchee Bay and Panama·city Bays had somewhat higher 
concentrations, but these two were only sampled in muddy 
sediments. Escambia Bay muddy stations were similar to these two 
bays. There appeared to be no unusual concentration of nickel in 

_Es~ambia Bay a~.compared to East Bay and other northern Gulf bays 
and sounc~~. · 

Aluminum 

Aluminum makes ·up a large portion of the clay particle 
lattice and consequently is_ distributed in relation to the mud 

. deposits· in the 1bay. · . Thus; the sandy near-shore ar~as _had lofll 
_concentrations qf ~lurriinum while the deeper parts of the bay had 
'higher concent,ra~ions ... Les~- clay ·accuinulat~d in the upper 
portion of Escambiij .~ay~. Corise~uently, aluminum concentati6ns 

·were greater in the' lower bay. East Bay had about the _saine 
concentrations as the lower Escambia Bay.· There were no unusual 
concentrations of aluminum in Escambia Bay (Table 7-11) • 
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The iron distribution in Escambia Bay was similar to the 
aluminum distribution and the above discussion on aluminum holds 
true for iron. Choctawhatchee Bay values (48,000 µgig) were 
higher than any bay sampled (Table 7-12). 

Cobalt 

cobalt concentrations in sandy stations were lower than muddy 
stations throughout Escambia Bay. The upper bay had lower 
concentrations than the lower bay. East Bay mud station 
concentrations (x = 6.8) were significantly lower (t = 2.58, 
df=15) than Escambia lower bay stations (x = 15). Choctawhatchee 
Bay concentrations (x = 12) were also significantly lower (t = 
6.67, df = 13) than Escambia lower bay stations. Accumulations 
of cobalt in the lower portion of Escambia Bay within the deeper 
water sediments were higher than adjacent Bays. Chesapeake Bay 
values were higher than Escambia Bay values (Table 7-13). 

Vanadium 

Vanadium concentrations were lower in the sandy shallow 
stations and higher in the deeper muddy stations within Escambia 
Bay. concentrations were twice as great in the lower bay mud 
stations than the upper bay mud stations. Lower bay concen
trations at muddy stations were not significantly (t = 1.6, 
df=15) greater than concentrations in muddy East Bay stations; 
however, the mean for lower Escambia Bay was 73.6 µgig compared 
to 37.4 µg/g for East Bay. There was a greater accumulation of 
vanadium in lower Escambia Bay compared to East Bay and Pensacola 
Bay (Table 7-14). 

Titanium 

Titanium is a common metal found in dark colored sand, silt, 
an1 clay particles originating from the upland watershed. These 
particles are apparently distributed evenly throughout the bay; 
therefore, the distribution of titanium in Escambia Bay was 
uniform with no relationship to water depth or sediment type. 

Most samples had concentrations greater than 40 µgig. Mud 
station concentrations were similar in East Bay and Escambia Bay. 
Pensacola Bay concentrations were lower than Escambia Bay, but 
the Pensacola Bay bayou stations were the same as Escambia Bay 
stations. Table 7-15 compares concentrations within several 
northwest Florida bays. 

Channel Sediments 

In general, channel sediments within Escambia Bay were quite 
different from sediments in the central bay mud plain. 
Maintenance dredging of the Escambia River and Bay channel was 
last performed in 1970 to, 3.05 m (10 ft) below MLW. Although the 
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table 7 - 12. Icon concentrations in surtace sediments of selected bays. 

Concentration 
(ppm) Number of· 

System llean Min. Ila x. Observations Source 

Iscambia Bay 29298 85C· 540)0 20 EB3S 
Pensacola Bay 3274~ 23(1 53000 18 UWl' - EPA, Region IV 
East !lay 23836 625 4300,J 10 esas 
Galveston Bay 8220 5200 12700 5 Holland and ~aci:>lelt, 1973 
Blackwater !lay 1152) 2300 37000 5 EB RS - EPA, Region IV 
Choctawhatchee·Bay 47967 314'JO 600•)C• 6 EBBS - EPA, Region IV 
Panama City Bays 20522 6800 2700~ 9 EB RS 

table 7 - 13. Cobalt concentrations in surface sediments of selected bays. 

Concentr11tion 
(ppm) Number of 

system liean Min. !'lax. JDservations Source 

Iscambia Bay 12.2 5.) 32.: 2J EBRS 
Pensacola Bay 9.8 4. 9 15. C· 18 UWF - EPA, R~gion IV 
East Bay 8.6 <5.o 13.0 10 EBf<S 
ChP.sapeake Bay 146.6' 16.') 260. ,) 5 Somer anJ Pyzik, 1974 
Blackwater J;lay 4. B 2.0 10. :, 5 EBRS :. - EPA, He9bn IV 
Choctawhatchee klay 12.0 7.0 14 .J 6 EilRS - EPA, Region IV 
Panama City Bays 4. 9 2.1 6.2 9 EBRS 

table 7 - 14. Vanadium concentrations in surtace sediments of selected bays. 

----------------------------------------------------------------------------------------------
Concentration 

(ppm)' Number of 
System llean Min. llax. Jbservations S~urce 

Iscambia Bay 73.o 19.0 215. '.i 20 EBRS 
Pens.~cola Bay 47. 3 <10.C 80.,) 1a OWf' - EPA, Region IV 
East Bay 37.4 < 1C· • 0 71. 0 10 EBRS 
Chesapeake Bay 11)8. 2 78. 'J 135.0 5 Somer and PyzH., 1974 
Blackwater Bay 23. 4 8.0 55.0 5 EB!iS - BPA, Regi.on IV 
Cboctavh3tchee Bay 99.5 57.Q 151. 0 6 EBHS - EPA, Hegi:,n IV 
Panama City Bays 34. f, 16.0 5~.Q 9 EBP.S 

Table 7 - 15. ritanium concentrations in surface sejimeuts o[ selecta1 bays. 

Concentration 
(ppm) Number :>t 

System nean Min. nax. Observations Source 

Escambia flay 70. 2 12. 0 <8('1, 0 20 EBRS 
Pensacola i3ay 33.0 12.0 30.~ 18 OWf' - EPA, liagioB IV 
East Bay_ 55.0 12. 0 <BC.C 10 EilRS 
Blackwater Bay 47. 6 24.'.) 80.0 5 J::BRS - EPA, Begion IV 
Choctavhatchee Bay 40.2 24.0 54 .C· 6 EBliS - EPA, Region IV 
Panama City Bays 64.0 3B.C 10(1.(1 'I EBP.S 
_______________________ , ---------.-----------------------------------------------------------
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channel depth is to be maintained at a minimum depth of 2.7 
meters (9.0 ft) MLW, existing depth exceeds 2.7 m. Periodic 
maintenance work is required due to sediment deposition in the 
lower river and bay. An irregular bottom profile has been 
created, due mostly to dredging. High river flows cause periodic 
scouring to occur in the river, and fine sediment material which 
has accumulated is resuspended and moved down river to the bay, 
leaving only the coarser sands deposited in the river. There 
were, however, pockets of finer sediments scattered throughout 
lower reaches of the river. 

Four stations sampled in mid-channel from Highway 90 bridge 
south to the mouth of the river contained less than 0.68 percent 
mud. Mean phi grain size for the sand fraction was 1.28, which 
is classed medium sand. 

The channel in the bay was deeper than the surrounding bay 
bottom and, consequently, it acted as a sediment sink for mud 
fractions. Channel sediments only 0.3 km (0.5 mi) below the 
river mouth were 45 percent mud. Table 7-16 lists data on 
channel sediments and Figure 7-15 shows stati~n locations. ~11 
except Stations B-11 and B-11C were sampled shortly after the 
high flow in Spring 1973. The mud fraction of the channel 
sediments increased toward the lower bay. 

While volatile organics were negligible in the lower river 
sediments, they greatly increased 0.3 km (0.5 •i) seaward of the 
mouth of the river. From this point south for 5.5 km (3.4 mi), 

Table 7 - 16. Ship chaanel sediments, Esca~bia Bay, Florida, from Highway 90 briJge 
to channel entrance, 

Percent Percent ·percent Total Tot. Org, 
station Date Depth Mud :::lay Vol. Solids P hosptior us Nitr:>gen 

(m) (%) (%) (%) (mg/1) (mg/1) 

----------------------------------------------------------------------------
H-24 4/73 5.2 o.08 0.01 0.1 G.02 O.G6 
EB-20A 4/73 4.7 o. 10 0. (\6 
ER-20 4/73 4 • 1 0.68 0. (\ 
ER-19 4/73 3.8 0.25 0. 11 
Ch 18 4/73 3.6 45.34 8.58 1'),!) C.40 2.17 
Ch 16 5/73 4,3 74.57 26.06 9, 1 0.27 2.08 
Ch 15 5/73 4.6 7 2. 28 16,59 13.!) 0. 41 2.70 
Ch 14 5/73 II, 7 60.50 15. 6 7 12.8 0.38 2,65 
I 10-LN 5/73 4.7 87,65 26,08 12, 7 0.4j 2,62 
A 12 2/74 2.6 96.79 75,90 19. 0 0.42 0.63 
1-10 5/73 5.2 89.91 22. 79 12. 3 0,43 2.41 
Ch 12 5/73 4 • 1 93.25 39.60 14.2 o. 28 1.47 
Ch 10 5/73 4.1 88.86 35.78 10.9 0.24 1.54 
Cb 7 5/73 4 .11, 94.08 18, 77 12. 1 0.31 2.41 
E11-C 2/74 96.69 72. 65 25.31 0.47 0.98 
E 11 2/74 3.7 12. 7 0.32 0.45 

-----------------------------------------------------------------------------
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volatile organics were nearly constant and averaged 11.9 percent. 
station B-11C, 8.7 km (5.4 mi) down bay from the river mouth had 
25.3 percent volatile organics, the highest value recorded in the 
channel. 

Nutrient values in the river at Highway 90 were low; totalt 
phosphorus was 0.02 mg/g and organic nitrogen 0.06 · mg/g •. , Total 
phosphorus averaged 0.37 mg/gin the bay channel. This compares 
closely with mud sediments elsewhere in the bay. Organic 
nitrogen at channel stations was considerably higher than in 
sediments outside the channel. Bay channel- organic nitrogen 
averaged 2.1 mg/g in_ Spring 1973. Below is a comparison of the 
sediments at the southern end of the channel 8. 7 km (5. 4 mi) 
below the river. They were sampled concurrently inside and 
outside the channel. 

In Channel 

outside Channel 

T- Phosphorus 
mg/g 

0.48 

0.32 

Organic Nitr:>gen 
mg/g 

0.98 

0.45 

The channel sediments between Interstate 10 and the L and N 
Railroad trestle contained the highest or~anic nitrogen values 
recorded in Escambia Bay. Data for this station is below: 

Station Date Total Phosphorus Organic Ni troge·n Volatile 
mg~ mqlq Orq:1nics ill 

A-12 5/4/73 0.40 2.6 12.7 

A-12 5/3/74 0.43 4.5 8.5 

A-12 6/5/74 0.24 2·. 1 7.0 

A-1i 8/5/74 0.42 5.1 8.4 

Aroclor 1254, a PCB, was detected at a hi~her level in the 
channel than immediately outside. These data §I.re presented on 
Figure 7-14. DDE, dieldrin, and other pesticides were not 
detected at stations sampled. 

Heavy metals data on channel sediments are-presented in 
Tables 7-4 through 7-15. Concentrations at a lower_. bay station 
both inside and outside the channel in February 1974 are given Jn 
Table 7-17. 

~. The ... channel accumulated, mud .sediments 
nutrients, volatile organics, PCB's, and heavy 

- ~ - .' ' ... 
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Table 7 - 17. Heavy matal conc~ntrations near and in the channel at two adjacent 
stations in Escambia Bay, 1974. 

Station 

B - 11 C 
(in channel) 

B - 11 
(out of channell 

Station 

B - 11 C 
(in channel) 

6 - 11 
(out of cnannell 

Cu 
JJg/1 

16.J 

a.0 

Co 
JJg/1 

23.0 

14. 0 

Mn 
,ug/1 

540. 

33 o. 

Cr 
JJg/1 

67. 

47. 

Al 
JJg/1 

19000. 

15000. 

Vi 
.ug/1 

110. 

99. 

Fe 
,ug/1 

5400'). 

44000. 

Ti 
.ug/1 

<8 :,. 

<BJ. 

------------------.------------------------------------- -

Ni 
.ug/1 

16. 

12. 

Pb 
Jlg/1 

38. 

27. 

Cd 
JHJ/1 

1. 

1. 

Zn 
JJg/1 

as. 

62. 

sediments may be·periodically resuspended by high river flow and 
deep draft vessels. Redistribution of th~se sediments thrJugh 
dredging or other activity could jeopardize oyster beds or other 
organisms less tolerant than the mud plain community. Care must 
be exercised if these sediments are removed and deposited irt the 
estuarine system. 

SEDIMENT NUTRIENT RELEASE 

Introduction 

The objective of this experiment was to assess the contri
bution of Escambia Bay sediments to nutrient levels in the 
overlaying water. Release of nutrients from _sediments is 
influenced by such factors as the metabolic activity of sediment 
bacteria (Lee, 1970; Martin, 1970), dissolve1 oxygen in the water 
above the sediment, and water currents which affect exchange 
processes by transporting leached material away from the release 
site and allowing concentration-dependent excbange reactions to 
proceed. Another important physical factor is resuspension of 
sediments, which exposes sub-bottom sediments to the water and 
increases release of nutrients (Lee, 1970). ~11 of these factors 
are discussed further in this section. 

To accomplish the objective of this experiment, the rates of 
sediment nutrient release were determined for several 
representative locations in ·Escambia Bay,· and these rates iiiere 
used to approximate the total nutrient release in the bay. 
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Methods 

sediment samples were taken with plexiglass corers at six 
stations in Escambia Bay (Figure 7-16). The square-shaped 
corers, with inner dimensions 23 cm by 23 cm, were designed to 
collect the samples in the field and to serve as reactors for the 
laboratory tests. The design of the corer is shown in Figure 1~ 
17. The cores were taken by project SCUBA divers. The diver 
took the corer down to the desired location and submergej it into 
the sediment to a prespecified depth of 15 cm. A top and bottom 
were then placed on the corer to hold the sediment and #ater in 
place, and the apparatus was returned to the boat. 

The corers, with sediment. and bay water intact, were returned 
to the laboratory and placed in an incubator at 20°c. The bay 
water was removed and replaced with artificial sea water of the 
same salinity. The artificial sea water ~as kept circulating 
constantly by a pump to insure good mixin~ and to simulate 
natural currents over the sediments. Aerobic conditions #ere 
maintained in the water throughout the study. 

The first three cores were collected on June 5, 1974, 
incubated for 45 days, and terminated on July 22, 1974. The 
second group of three cores was collected on July 25, 1974, 
incubated for 67 days, and terminated on October 2, 1974. 

· samples of the water were taken periodically from the reactor 
chambers to be analyzed for five parameters: Total kjeldahl 
nitrogen (TKN), ammonia (NH 3 ), nitrate-nitrite (NO3 -NO 2 ), total 
phosphate (T-PO4 ), total organic carbon (TOC). Dissolved oxygen 
was read by inserting a o.o. probe in the D.O. bottle (Figure 7-
17). The concentrations in mg/1 were obtained for each nutrient 
for each day analyzed, and were converted to total mg in the 
chambers (Appendix 7-5). The total mg was plotted against day 
number for total nitrogen (Figure 7-18). Also, for total 
nitrogen, a rate of release was calculated in terms of mg/m2/day 
by using the maximum amount of release, the number of days it 
took to achieve the maximum, and the surface area of sediment in 
the chamber (Table 7-18). 

Total nitrogen is defined as (TKN+N03 +NO2). 

The TOC data were extremely erratic and were not considered 
in evaluating the results of this experiment. 

Results and Discussion 

Phosphorus release from sediments in this study was ne~li
gible. The maximum total release was about one mg (Table 7-18). 
Various investigators have shown that p~osphorus is released very 
slowly if at all under aerobic conditions (Mortimer, 1941; Lee, 
1970). Aerobic conditions were maintained at all times so the 
negligible release of phosphorus was to be expected. Values of 
dissolved oxygen are listed in Appendix 7-5. 
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nutrient release study. -

Station Total Phospl1orus Nitrate-Nitrite TKN rotal Nitro9en 

Released F:at e Released Rate Released Rate P.eleased Rate 

EEKV 0.43 0. 195 1. 4 7 J. 11 C1
• 8 C 0. 26 2, 27 0,37 

EGLY 0.57 1).330 c. 0. 159,24 126,60 159,24 126.6C 

" I 
w 
°' 

EIIL 0. 74 C.235 13.07 3. 84 17.24 8.02 30,31 1 1 • 8 6 

EKMF ·').27 0. 136 1. 70 0. 7 2 7.35 5. 39 9.J5 6. 11 

EPLi? 1.08 C1 .624 10. 6 1 1'), 66 25.52 10.58 3 6. 13 21 , 2 5 

ERPB 0. 22 0. 11 0 10.64 6,55 10. 5 8 6. 30 21. 22 12.86 

average C.55 C,272 6.25 3,65 12.3J 6 • 11 1 9, ao 10.49 



since nitrogen forms are interchangeable with one another in 
an aquatic environment, it was not possible to assess the release 
of each individual form. Only total nitrogen is discussed in 
this section. 

In order to assess the contribution of sediment nitrogen 
release in Escambia Bay, total release in the bay was calculated. 
The total release was calculated in two ways: First, the average 
rate (in kg/m 2/day) of release of total nitrogen was multiplied 
by the number of m2 on the bay bottom to obtain a total release 
in the bay. second, the amounts of release by type of sediment 
were obtained and these amounts were summed up to get a total 
release in the bay. The first of these calculations is shown 
below: 

Total Area 
of Bay Bottom (mZ) 

9256.2 X 10 4 

Avg. Rate 
of Release 
(kg/mZ/day) 

10.5 X 10-6 

Total Release 
kg/day 

(Area x Rate) 

972 

In order to calculate release of nitrogen from each sediment 
type, the following breakdown of Escambia Bay sediments was made: 

Station Sediment Type 

EEKV B = Silty-Sand 
EGLY A = Sand 
EIIL C = Sand-Silt-Clay 
EKMP D = Sandy-Silt 
EPLP C = Sand-Silt-Clay 
ERBP B = Silty-Sand 

E = Silt 
F = Clayey Silt 

These sediment types were taken from the Escambia Bay sediment 
classifications as described in the Sedimentation section of this 
report. A complication in this calculation was that none of the 
samples was collected in type E or F. However, since types D, E, 
and Fare predominantly silt, these three were lumped together as 
an approximation. Station EKMP was taken to be representative of 
all three. 

Data from station EGLY were not used in the above calcu
lation. This station was located near industrial outfalls, and 
the nitrogen release was so great that it was not representative 
of other sediments of the same type. 

The results of the calculation are listed below: 
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Avg. Rate Total Release 
Area in Bay of Release kg/day 

StatiQ.!!~nd_!~ (m2) kg/m2/day (Are~_!_Rate) 

EEKV-ERPB {A-B) 4679 X 10 4 6.6 X 10- 6 309 

EIIL-EPLP {C) 2238 X 10 4 16.6 X 10- 6 372 

EKMP {D-E-F) 2339 X 10 4 6.1 X 10- 6 143 

Total = 824 

The two totals of 972 and 824 kg/day compare favorably with 
each other considering the limitations of the techniques used to 
obtain these figures. These values compare with 2622 kg/day that 
the industries are permitted to discharge into Escambia River and 
upper Escambia Bay. (The nitrogen release calculated here 
occurred under aerobic conditions. Anaerobic conditio~s would 
cause a much greater release.) 

Type c (sand-silt-clay) released the most nitrogen. This was 
especially obvious since it had the least area. Types A-B (sand) 
and D-E-F {silt) released about the same amount per unit area. 
The only obvious explanation for the larger release from type c 
is that station EPLP was causing a disporportionate effect. 
Station EPLP was close to the Northeast sewage TrEatment Plant 
outfall, which could have been affecting the sediment in the same 
way as Station EGLY was affected by the industries. It appears 
that nitrogen release was not correla~ed in any way with sediment 
type, and some other factor was the primary influence. 

A comparison of nitrogen release data with sediment microbial 
activity data was made to see if any useful correlation existed 
{Table 7-19). Nothing in this comparison indicated any 
correlation at all. 

A comparison of the concentration of nitrogen in the sediment 
with rates and total amounts of nitrogen released showed that 
nitrogen release increased as nitrogen content of- the sediment 
in~reased (Figure 7-19 and Table 7-20). Data from Station E3LY 
was not plotted because it was so abnormally high, as explained 
earlier in this section.· The influence of waste outfalls on 
sediment nitrogen concentrations and on nitro~en release was seen 
at Stations EGLY and EPLP in Table 7-20. Station EGLY was near 
the industry outfalls and EPLP was near the NorthEast Sewage 
Treatment Plant outfall. 

In summary, considerable amounts of nitrogen and very little 
phosphorus were released from Escambia Bay sediments under the 
conditions of this study. Two factors were observed to increase 
potential for sediment nitrogen release. These were high 
concentration of nitrogen in the sediment, and location in the 
close vicinity of waste outfalls which discharge large amounts of 
nitrogen. 
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!able 7 - 19. Comparison of sediment nitrogen 
release data with microbial activity data. 

----------------------------------------------------

Station 

Total Nitrogen 

-amount Rate of 
Released 

(mg)** 
Release 

(mg/m 2 /:1ay) 

Micr::>bia.l 
Activity 

(*) 

----------------------------------------------------
EEK V 2.3 0.4 

HIL 30.3 1 1. 9 

EGLY ,s-9.2 l26o 6 

EKMP 9. 1 6. 1 

ERPB 21.2 120 9 

EPLP 3 6. 1 21. 2 

* (~g - TPF reduced per gram of sediment) 
** Total Nitrogen = TKN + N03-N02. 

264.3 

455.6 

238.4 

1147.'.) 

-"'\ .... 
\J • . : 

2 3 '.). 5 

'labl,, 7 - 2J, :::o.npac:isoa or pPt:Cto!Ht or,;anic anJ nitrogen content of set.liment l>'itn 
rates ot release or total uitruqen*. 

Stc1 tiou 
!?erc<~nt 
nryauic 

(%) 

lia.te of 
Rcl~~ase 

(iil<J/!U2/o.ay) 

!ot.il 
Jelease 

(mg) 

Conceutr<itioa of 
TK!~ in seJimen t 

(J.q/y) 
_____ t_. ______________________________________________________________________ _ 

EEKV C•. 3 4 C·. 37 2.27 82 

EIIL 3 ,4 9 11. 86 . JC. 31 5U 5; 

EGLY 5.UJ 126,60 159.24 61.i 50 

J::KN l' 7, 4 2 6. 11 '.l,05 33 5,; 

ERpr., 6,29 12,80 21, 2 2 22 5') ' 

EPLP 7. 4 9 21, 2 S .36 • 13 6800 

* ~otal Nitroyen = TKN + N03-N02 
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It should be pointed out that resuspension of sediments could 
increase the amount of nutrient release. There was little or no 
suspension of sediments in the water during this study. The 
sediments remained undisturbed throughout. Suspension of 
sediments undoubtedly causes greater nutrient release than ~as 
measured in this study. It is important to note also that even 
though aerobic conditions were maintained in the chambers, there 
are times when bottom water in Escambia B~y becomes anaerobic. 
This would cause much greater release of both nitrogen and. 
phosphorus than was measured in this study. The reasons for 
greater anaerobic release are discussed by Lee (1970). 

MICROBIAL ACTIVITY 

Introduction 

The sediments in a bay can be considered a reservoir of 
nutrients which are constantly being released or cycled to the 
overlaying water column as one of the sources of nutrients 
contributing to the enrichment of a bay ecosystem. Micro
organisms at the base of the food chain are responsible for 
initiating the conversion of sediment to biomass and thus into a 
form that can be utilized by higher organisms. 

Any method of measuring microbial activity in sediments has 
certain limitations. In-situ techniques have not been #ell 
perfected and are frequently plagued with technical difficulties. 
Often the change being measured in a given parameter is so slight 
that the accuracy of field instrumentation is questionable. 
Other problems with maintaining accuracy of instrumentation in 
field measurements are humidity and temperature changes 
throughout the day. Natural conditions are altered when sediment 
samples are collected and brought into the laboratory. 
Experimental conditions in the laboratory will very likely have 
an influence on the results. Data obtained from laboratory 
controlled experiments may be difficult to relate to field 
situations. 

Considering all of the above factors and the eKpense of 
equipment for measuring radioactive compounds used in other 
possible techniques, .the dehydrogenase procedure was chosen as 
most feasible for this project. 

The objectives of this study were: (1) to measure the 
microbial activity of sediments as a comparative parameter for 
the various sediments of the bay system; and (2) to provide some 
information on the microbiological turnover of nutrients or the 
mineralization of sediments in the bay. 
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Methods 

Sample collection 

sediment samples were collected for this study at the tri
weekly water quality stations (Figure 7-20). Most of the samples 
were collected with a corer constructed of Lexan tubing attached 
to a tubular metal· corer handle. The Lexan coring tube was 7 .• 0 
cm x 117.6 cm. 

The corer was lowered over the side of the boat allowing it 
to fill with water, raised to a vertical position, and then 
lowered to the sediment surface. Downward pressure was applied 
to force the corer into the sediment approximately 0.6 · m (2.0 
ft). Average core length ranged between 0.5 m - 0.76 m (20-30 
in). The fil'led corer was gently raised into the boat and held 
in a verticle position until the handle was removed. ~ plunger 
was used to push the core through the coring tube until the top 
surface of the core came to 1.5 cm (0.59 in).~ from the end of the 
coring tube. _With _the core held in this position, a combination 
Eh and pH probe was inserted into the surface of the sediment 
core. After the Eh and pH measurements were completed, the corer 
was inverted into a one quart plastic freezer container. Fifteen 
cm (5.9 in) of the sediment core was extruded from the surface 
end of the corer into the plastic container. 

Sediments which were mostly sand could not be retained in the 
corer. These stations were sampled with a Peterson Dredge. The 
contents of the dredge were gently placed in a tub with the 
sediment surface disturbed as little as possible. The Eh and pH 
readings were taken as described in the following paragraph, and 
a sample of approximately equal diameter and depth to the core 
sample was scooped into the plastic container·using a spatula. 
The containers of sediment were placed in an insulated ice chest 
as near to ambient water temperature as could be maintained until 
returned to the laboratory for analysis. 

Field Measurements 

Field determinations of Eh and pH were made with a corning 
Model 610A pH-Mv Meter. The Eh measurements were taken with a 
Beckman platinum electrode in combination with a Fisher Calomel 
electrode. A Fisher brand glass electrode in combination with 
the same Fisher Calomel electrode used in Eh measurements was 
employed to determine the pH on each sediment sample. 

The-pH meter was calibrated to ·pH 4.0 and pH 7.0 standard 
buffer. After a pH reading was-taken, the meter was then reset 
for Eh at a calibration mark previously determined in Zobell•s 
redox buffer (Zobell, 1946). The electrodes were placed in the 
sediment and allowed to equilibrate for ten minutes. An Eh 
reading was then recorded. 
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water depth, salinity, temperature, and transparency were 
measured and recorded at each station. A bottom water sample, 
0.3 m (1.0 ft) above the sediment, was collected for dissolved 
oxygen determination on return to the laboratory. 

Laboratory Analyses 

To determine percent organic matter in the sediment, 
approximately 100 g wet weight of the mixed-sample was placed in 
a tared crucible and oven dried at 105°c for 24 hours. The dried 
sample was cooled.in a dessicator, weighed, and then ashed in a 
550°c muffle furnace for 24 hours. This ashed sample was then 
removed, cooled, and saturated with distilled water. The re-wet 
sample was placed back in a 105°c oven. After 24 hours in the 
oven, the sample was cooled in a dessicator and weighed to 
determine the re~wet ash weight. A percent organic content was 
calculated from the dry weight and re-wet ash weight. 

Chemical oxygen demand of the sediment was determined 
according to the procedures outlined in standard Methods, 
(American Public Health Association, 1971) • Tota.I phosphorus and 
total Kjeldahl nitrogen were analyzed by the standard automated 
EPA procedure (USEPA, 1971). 

Dehydrogenase Procedure 

Microbial :activity was determined by measuring the 
dehydrogenase activity of the sediment population according to 
the method of Cook, (personal communication from o. w. cook, 
Microbiology section, Gulf Coast Research Laboratory, Ocean 
Springs, Mississippi). This procedure is similar to one used by 
Lenhard, et al. (1965); Bucksteeg (1966); and Pamatmat and 
Bhagwat (1973), which employs the reduction of triphenyl 
tetrazolium chloride (TTC), a colorless dye in its oxidized 
state. Triphenyl formazan (TPF), the reduced form of the dye, 
is red •. In solution the concentration of TPF can be determined 
spectrophotometrically. The TTC was incorporated into the assay 
procedure as a substitute hydrogen acceptor (or electron 
acceptor) to replace oxygen in aerobic systems and organic 
compounds which would become more reduced in anaerobic systems.· 
This required an oxygen free atmosphere, which was accomplished 
by incubating the reaction mixture in an evacuated dessicator 
throughout the 24 hour incubation period. 

On their return to the laboratory, each sample was thoroughly 
mixed with a teflon coated spatula. A one-gram quantity of the 
stirred sediment sample was weighed into each of five tared 50 ml 
tapered centrifuge tubes on a top loading balance. Dehydrogenase 
assays were performed in triplicate on each sediment sample. ~ 
fourth tube was used as a reagent blank with TTC withheld. The 
fifth tube was autoclaved and used as a sterile blank to 
determine any non-microbial reduction of TTC. 
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Reagents used for the assay were: (1) 0.05 M Tris buffer (pH 
8.4), 0.5 ml; (2) 1.0% TTC, 0.5 ml; (3) 50 µg CaCo 3 ; and 1.0 g of 
mixed wet sediment. The TTC was added to the· sterilized blank 
after it was removed from the autoclave and allowed to cool. An 
additional 0.5 ml of Tris buffer was substituted for the 1.0% TTC 
solution in the TTC blank. The reagents were thoroughly mixed on 
a vortex Jr. Mixer, and placed in a dessicator. The dessicator 
was then evacuated and the tubes incubated at 25°c for 24 hours. 

The dehydrogenase reduction of TTC was terminated by addition 
of 10 ml of methanol to each tube. The methanol also served as a 
solvent for the reduced TPF. The sediment and methanol were 
thoroughly mixed and then centrifuged for 5 minutes to separate 
the sediment from the TPF-methanol solution. The procedure was 
repeated three additional times and the final volume of TPF
methanol brought to 50 ml with methanol. The concentrations of 
TPF were determined spectrophotometrically at 485 nm by comparing 
the absorbance of the extracted TPF to a standard curve derived 
from known concentrations of TPF. Microbial activity of the 
sediment as measured by the dehydrogenase assay procedure was 
expressed as µg TPF/g dry sediment. 

Results 

In general, all the tributary stations (ER10, EEDR, -EHBD, 
EEEM, EQGM, BFEI, and BJIV), were low in microbial activity 
(Table 7-21). These stations were also high in sand content and 
were low in percent organic matter. Two Escambia Bay st3tions, 
ETQE and EPRF, located in the proximity of the eastern shore, 
also had very low microbial activity. The sediment from these 
stations, like the sediment from the tributary stations, was high 
in sand content and low in organic matter. One major exception 
to this was Station ERPB which had zero microbial activity yet it 
ranked third of all stations in organic matter content. The zero 
reading for Station ERPB was due to the extremely high activity 
of the sterile blank which canceled out the activity observed in 
the triplicate reaction tubes. One possible explanation for the 
high activity observed in the sterile blank for sample ERPB would 
be chemical reduction due to large concentrations of reduce1 
compounds in the sediment as shown by "Effenberger (1966~ cited 
by Pamatmat and Bhagwat, 1973) ". · Pamatmat and Bhagwat ( 1973), 
however, did not observe this in their work; The +300 mv Eh of 
sample ERPB was no indication of a highly reduced sediment and 
would reinforce their observations. 

Examination of the data showed stations higher in organic 
matter content and chemical oxygen demand- ~enerally had higher 
microbial activity. By statistical analysis, a significant 
correlation was shown for chemical oxygen demand and sediment 
microbial activity (r = 0.7, df = 38, p <0.01). Percent organic 
matter and sediment microbial activity showed less correlation 
than cheITTical oxygen demand but still a significant correlation 
(r = 0.42, df = 38, p <0.01). Other parameters tested ~hich ha1 
significant correlations with sediment microbial activity Here 
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Table 1 - 21. Summary of sediment microbial activity. 

----------------- (TPPl ITPPI 
Bottom Sed. Bottom Sed, Sed. ?eC'cent l'licrobial Sterile 

Date Station Depth Trans. salinity Temp. D.J. pH Eh T-POU TKN-N COD organics-Activity Blank 
(ml (ml (ppt) 1°c1 (mg/ll (std Un) (Pg/gl (Jig/qi (jJg/g) ,,, l/19/91 (µg/g) 

---------- --------------------------------------------------------
07/18/74 Ea-10 ,.0 ~ .. 8 0.0 27 .•1 6.2 6.7 + lQO. 13.0 26. 208. ~.SQ 2Q. 11 o.oo 
07/l8/7U EEDR u.o 0.8 5. 7 29.0 "~ 0 1.u + 14•"), 2u.o JU. 3120. ,J. 6 I 0. 10 JQ. CJ 
07 /18/7U EHGD 5. 8 ~-9 IQ. 5 30. 5 8.2 e.u + 1 u. ui;.o 118. 5200. 0.67 U0.26 26.08 
07/15/74 EEIX 1. 2 0.6 1 u. J 32.0 7. 1 1.2 t 70. 96.0 385. 2080). 1.61 187. 2u 89.69 
07/l5/7U EEEft 2. 3 0.6 H.O 30.0 5.1 1.2 •9? •. 1 "· r. 10. 62U. 0.22 o.oo 55.01 
07 /15/7U E\IGft 3. u 0.8 15. 5 30. J 2.a 7.2 -uo. 7C·. q 182. 3329. J.63 U. 18 
07/22/7U EEKV 1. 5 c,. 5 15, 1 31. 0 6.U 7. 9 •95, 66.5 2uo. 166UQ. 1.32 26U.JU 25.28 
07 /22/7U EGLY 2. u n.e 19, 2 32.0 6.U 0. u -80. 2"5. 0 1100. 6JUUO. s.u0 238.38 52.P.U 
07 /2 5/7U EGLY 2.u c.e 19. 2 30. 0 6.U a.u -80. JO~.o 1550. 9256). U.66 356.99 U9. 33 
07/22/7U EIKC 1. 8 C.A 11, 1 31. 0 7.U 6.5 + 13'... 220.0 95·). 93600. 6.63 335.74 276. JR 
08/05/7U EIIL 2.0 16. 9 27. 0 5. 1 U.5 -130. 131.0 5300. 53590. 2. 93 U55.57 82. 69 
08/05/74 EKLQ 2. 1 11. 1 28.0 2.4 3.6 -s. 36.8 1980. 870). ).69 47 .CS 31.64 
08/0 5/7U EKftP 2. 6 1e.u 29.0 6.9 5. 1 -5. 420. C 5400. 118270. 8.38 1147.01 32. 50 

...,J 08/05/74 EHPK 1.5 13. u 29.0 5.6 6 .1 +20. 1U6. 0 62-~·'· 785UJ. 5.26 127. 87 42.29 
08/08/74 EftQC 2.4 1.a 18.4 29.0 2 •. , 37C.O 5950. BUOBl. 1) .87 515.59 o.oo 

I 08/12/7U EftQC 2.6 0.9 23.2 31.0 2.2 7.1 -200. 310.0 60CO. 90550. 6.35 170.51 96.13 
~ 08/12/74 ENNB 2. 6 1. 2 24.9 31.0 7.J J.8 -ISO. 51r,. 0 1~0,. 109960. 25. 22 842. 79 201.92 

°' 08/12/74 El'LP 2. 3 17. 9 31. 0 6. 5 6.5 -1us. 190. 0 2600. 87640. 11. 27 230.52 199. 77 
01 /25/74 EPLP 2. 1 c.0 25. 5 JO. 0 10.0 7.5 + 28~. 295.0 2100. 6 240l. 21. BU 267.68 113.03 
08/15/70 ETQE 2. u 1. 2 28.2 29.~ 4.6 8.9 +170. 18.0 1860. Q81J. ).60 1B 0 70 18.57 
08/ 15/74 EPHP 2.7 1. q 26. 1 29.0 6. 6 8.0 •190. 290.0 4900. 20330. 1. J2 a.~ 1 78.04 
08/15/74 EBPB 3. 7 1.4 29.2 29.0 2. J 7.8 +JOO. 3BC.O 5800. 86860. 21.38 o.ryo 611.16 
08/15/14 ETLQ 4.6 1.4 30. 2 29.0 1. 1 7.9 •275. 530.0 6300. 96 lOJ. 1J. C 1 419.85 489 .13 
10/09/74 PEUE 2.4 0,5 22.5 25.0 8.2 7.J -60. 240. 0 6000. 116420. 9.56 213.40 322.81 
09/30/74 BPEI 3.5 20.0 26.C 0.6 +160. 22. a 1960. 7590. ?.58 o.oo 15.00 
09/30/74 BJIV 2. 1 1. 4 24. 2 26.0 7.0 -160. 18.Q 1900. 1332J. 1. 09 24. 52 24.89 
09/30/7U BNGA 3.0 1.s 25.3 26. 0 2. q -160. 39.0 U900. 23100. 2.15 193. 82 119.02 
10/0 2/7U BREA 3.0 1. 5 19.7 24. 0 7.6 a.o -270. 350.0 7550. 145990. 10. 49 1133. 52 339.83 
10/02/74 ADGV 2. 7 1.4 19. 8 25.0 6.5 6.3 -120. 25c.o 5950. 11180). 7.56 596.75 431.97 
10/02/74 AGPR 1. 8 1. 5 19. 7 24.0 7.4 6.Q -180. 32. 0 4700. 16630. 1.02 63.38 66.60 
10/~ 7/7Q AGJI 3.4 2.u 28.4 25.5 6.4 7.U +40. 230.0 6400. 11088). IJ.66 UB6.77 174. 46 
10/0 7/74 AJPD 3. 4 2.4 25.7 26. 0 a.a 7. Q •JO• 178.0 5400. 68380. 6.07 645. 93 A2.46 
10/07/74 ALEX 4. 3 2. 1 28. 5 25.0 7.3 7.4 -140. 540.C 6150. 110880. 11.78 261. 52 295.86 
10/09/74 P-08 10.4 2. 1 3'.6 25.~ 7.2 6.4 -81::. 31C.O 63·JI). 11273L 9. 31 1q2.12 711.'36 
10/09/74 P-13 s.s 1.e JC. 1 25.0 6.Q 7.2 •10. 350.0 7850. 109030. 16,60 1069.08 360.QU 

------------------ --------------------------------------------------- -------



total phosphorus (r = 0.56, df = 38, p <0.01), and total Kjeldahl 
nitrogen (r = 0.54, df = 38, p <0.01). 

Two stations in Escambia Bay were subject to the influence of 
industrial or domestic effluent entering the bay. One of these 
stations was EGLY near the American Cyanamid outfall. Efflu9nt 
from Air Products holding ponds also flows through a swamp into 
the bay within 2.2 km (1.2 nautical miles) of Station E;LY. 
Microbial activity at Station EGLY was observed to be 356.99 µg 
TPF/g of dry sediment. This value is very close to the average 
of 332.91 µg TPF/g of dry sediment found from all st~tions in 
Escambia Bay, Blackwater Bay 9 East Bay, and Pensacola Bay. The 
other station, EPLP, was located in the vicinity of the outfall 
where effluent from the Northeast sewage Treatment Plant empties 
into the bay. The microbial activity observed at Station EPLP 
was 267.68 µg TPF/g of dry sediment which was less than the 
average found for all stations, but greater than the average of 
239.71 µg TPF/g dry sediment for Escambia Bay stations. 

Discussion 

Microbial activity as determined in this study by production 
of triphenylformazan (reduced TTC), varied consider~bly from 
station to station throughout the bay. Statistical analysis did 
show a significant correlation between microbial activity to 
chemical oxygen demand and some correlation to percent organic 
matter. This was not always the case, however, as some of the 
stations low in organic matter or chemical oxygen demand gave 
average or above average values for measured dehydrogenase 
activity. In general, the stations low in activity were low in 
organic matter and high in sand content. 

Pamatmat and Bhagwat (1973) stated that the presence of toxic 
substances may be suspected in subsurface sediments which are 
high in organic matter, but low in dehydrogenase activity. 
Station ERPB in this study had high organic matter content and 
zero activity. As pointed out in the previous section, this was 
caused by a high reading in the sterile blank which canceled out 
the observed activity. Stations EKMP and ENNB had similar 
physical characteristics to Station ERPB. They were located at 
the channel, had similar depths, and had high organic matter 
content. Stations EKMP and ENNB had sediment microbial 
activities of 1147.01 and 942.79 µg TPF/g of dry sediment, 
respectively. Examination of the heavy metal and PCB content of 
the sediment from these stations revealed that Station ERPB is 
lower in heavy metal content than EKMP and ENNB for all metals 
but two. Cadmium, titanium, and PCB content.were about equal for 
all three stations. Station ENNB was slightly lower in each 
case. The low activities at Station ERPB did not seem to be a 
result of toxic substances in the sediment. 

/ 
/ 

-Stations EGLY and EPLP, which were adjacent to industrial -·and -
domestic waste outfalls, respectively, did not reveal a sediment 
high in microbial activity stimulated by enrichment from the 
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outfalls nor did they reveal inhibited microbial activity due to 
presence of toxic substances in the sediment. 

Examination of the data showed, in most instances, increased 
microbial activity at all stations which had an organic matter 
content of one percent or greater. Any increase in organic 
matter, content of the sediment over one percent was not 
necessarily accompanied by a corresponding increase in microbial 
activity. This indicated that a one percent organic matter 
content will support a maximum microbial population to a steady 
state of growth. Any fluctuations in microbial activity are 
organismi·c responses subject to numerous stimuli. Variations in 
microbial activity can be attributed to: (1) variations in 
microbial species or metabolic types of organisms; (2) 
differences in the growth phase of a major portion of the 
pqpulation= '(3) differences in the type of organic matter, and 
thus its recalcitrance to microbial conversion; (4) availability 
of other nutrients; and (5) conditions favorable for gro«th. 

Nutrient cycling and mineralization could not be specifically 
determined. By inference, the measured microbial activity can be 
related to nutrient cycling and mineralization. The greater the 
sediment microbial activity, the greater the quantity of material 
converted to energy, biomass, and released metabolic products. A 
major portion of the nutrients converted to biomass would return 
to the sediments after the death of the organisms. 

Microbial activity. of sediment in Escambia Bay did not 
markedly differ from that observed in Blackwater Bay or East Bay. 
Escambia Bay sediments appeared to be normal, based on microbial 
activity, since East Bay and Blackwater Bay were used as 
controls. 
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8 - WATER QUALITY 

ll!!B.Q.QUCT!ON 

The Pensacola Bay system is an extremely valuable resource to 
th2 residents of the area, the state, and the nation. Its 
principal values are derived from recreation and commercial 
fish2ries. The continued value. of this resource depends on 
maintaining a healthy aquatic ecosystem which is dependent on the 
quality of the waters of the system. Conse·quently, it is 
imperative to determine the quality of the water in the bay to 
properly evaluate the system. 

The watei quality of the Pensacola Bay system, with emphasis 
on Escambia Bay, was monitored to determine seasonal, tidal, and 
spatial variations. The purposes of the water quality studies 
were to: 

• describe water quality conditions in Escambia Bay and 
the Pensacola Bay system and to compare them to other 
Gulf of Mexico estuaries. 

• determine if changes in water quality have occurred 
between 1969 and the present. 

• determine what the effects of wastes discharged into the 
bays have on the system. 

Interpretation of water quality data will provide information 
for the development of water resource recommendations. 

METHODS 

Water Quality Studies 

Water quality studies were initiated in the Pensacola Bay 
system between April 1973 and September 1974. In !\.pril and 
August. 1973, diel (24-hour) water quality studies were performed 
in the Pensacola Bay system when periods of high and low river 
discharge, repsectively, normally occur. During each period, 
separate studies were performed during equatorial and tropic 
tidal conditions. Water quality studies were.also performed in 
Escambia Bay on October 4, and December 5, 1973. · The University 
of West Florida (UWF) conducted water quality studies every two 
weeks in Escambia and East Bays during 1973. The EB:RS and the· 
UWF perform~d water_quality studies in the Pensacola Bay system 
every three weeks from January to September 1974. The sampling 
dates and times are depicted along with tide level on AppendiK a~ 
1. The locations, STORE_T station numbers, and parameters sampled 
for all sampling stations are presented in Appendix 8-2. 

In this report, samples referred to as suifac~ w~re collected 
0.3 m (1.-0 ft} below the surface, and those.referred to as bottom 
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were collected 0.3 m (1.0 ft) above the bottom. The mean 
sampling depths for all stations occupied during EBRS are 
presented in Appendix 8-3 for diel studies performed in 1973, and 
in Appendix 8-4 for January through September 1974 studies. 

Analytical Methods 

The·analytical, sample collection,· and preservation methods 
used during this study a:r-e presented in Appendix 8-5 •· 

ENVIRONMENTAL CONDITIONS 
.. 

Environmental conditions, such ,as· river discharge, ti:ies, 
wind, and precip~tation, must be known when evaluating water 
quality because they are the cause of significant variation. ~ 
summary of envirqnmental conditions is presented in Table 8-1 for 
the water quality studies performed by the Escambia Bay Recovery 
study. Tide stage and wind vectors. for each study are presented 
in Appendix 8-1. 

WATER Q~LITY STANDARDS 

. . Florida has enacted water Quality Standar::ls to protect the 
surface waters of the state. The Pensacola Bay system has .been 
designated as either Class'II or Class III·waters. The criteria 
for Class II waters are ~esigned to per_mit harvesting of 
shellfish safe for human consumption. The criteria for Class III 
waters are to provide satisfactory -water quality ·for pr::>pagation 
and maintenance of fish and wildlife p::>pulations, and for 
recreational ·activities, including water conta·ct sports. Class 
III waters include upper Escambia Bay and tributaries above the L 
and N Railroad bridge, Pensacola Bay west of a line from Emanuel 
Point to the south end of Highway 98 bridge at Gulf Breeze, and 
Blackwater· Bay inclusive of the river north of a line from 
Robinson Point on the west to the mouth of Broad River on the 
east. All the remaining areas of Escambia Bay, Pensacola Bay, 
East Bay, Little East Bay, and Blackwater Bay are Class II waters 
(Figure 8-1). The criteria for the Florida Water Quality 
Standards are discussed in Florida Administrative Code (1973). 
Appropriate sections from Chapter 17-3, Pollution of Waters are 
presented in Appendix 8-6. 

There are no compulsory Federal water quality standards for 
specific states or bodies of water. However, the State of 
Florida Water Quality Standards are subject to review and 
approval by the United States Environmental Protection Agency 
pursuant to Section 303 of the Federal Water Pollution Control 
Act Amendments of 1972. 

The National Technical Advisory committee, ·a joint committee 
consisting of members from the National Academy of Scierice and 
the National Aca_demy of Engineering, compiled a report, 
recommending water quality standards, at the request of the 
secretary of Interior. Their report, published as Water Quality 
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Tab le 8 - 1. Environmental conditions during water quality stu:iies. 

------------------------- ---------------------------------------------------------------------------------
s F:s-t-imated total flo• ride Wind Precipitl tion 
t 

Escambia Ye l lo• Bl act. at er ----------------------
__ ._ __________ 

Study 0:1.te u Nean Nean Prevailing 
d River River Rivar T~tal Range Leval :urront Sp~ed Diracti::>n 
y m 3 ;sec m 3 /sec m 3 /sec m 3 /se:; m m m km/br Cl 

(cfs) 1cfs) lcfs) lcfs) If) If I I fl lmpb) (in) 

----------------------------------~---------- ------------------ ----------------------------------------------
9/23-25/69 132 0.7 a. 1 N-NE o. 

I 4657) 12. 3) 15. J) 

4/13-15/73 I 1398 211 88 1697 0.1 o.o 15. 5 Variable o; 
149,400) 17470) (3092) 159,920) 10.4) 10. JI 19.5) (0, I 

4/19-21/73 II 600 108 49 757 0.6 0.3 21. 9· SE O· 
( 21180) 13818) I 1718) 126730) 12. 1) (J, 91 (13. 61 (01 

8/lb.:.18/73 III 173 72 41 286 0.2 -o. 1 4.8 E 2.97 
(6119) 12546) 11443) (101001 10. 5) 1-0. 2) - (3. )) (1.17) 

8/2 3- 25/73 IV 122 53 . 33 208 0.6 o.o 9.3 N E-MV 0 
(4295) (1888) 11158) (73401 (2.0) 1-0. 1 I 15. 8) 101 

10/4/73 109 0. 4 0. J 9.5 
(3840) ( 1. 4) 10. J) (5. 9) 

12/5/73 88 J,2 J,1 r 13. 3 NE 0.41 
13120) 10. 7) ,a. 31 (8. Sj 10. 161 

1/23/74 333. 81 41 455 J.5 -0.2 LWS 10. 9 Sil 0 
( 11760) 12860) 11,4431 (160701 I,. 6) 1-0. 31 16. SI 101 

2/12/74 131 205 128 1~70 0.5 -0.2 F 9,7 SE 0 
126040) (7243) 145.l4) rJ778)1 I 1. 5) 1-0. 61 (6. 0) (01 

.J/5/74 226 73 39 338 0.6 -0. I p 16.7 s 0,03 
.(7974) 12590) I 13741 (11940) 11,8f 1-0. 21 110. 41 (0, 011 

3/27/70 203 90 53 346 0,6 -o. 1 F 14,3 E 3.78 
(7180) 13161) I 1855) 1122201 I 2 ;J) I -J. 4) 1a. 9) (1. 49) 

4/16/74 506 120 70 . 69b 0. 3 -o. 1 r 8.5 N 0 
I 17H651 14247) 12479) 1245801 I 1, )) 1-0, 31 15, 3) (01 

5/7/H 85 42 27 183 0,6 o. HWS 10. 1 NE 0 
(3012) 11483) (9531 1646•1) 11.8) p.1 16. l) 101 

5/29/7U 178 us 39 265 0.2 0. RWS 12. 2 SW 0 
(6294) 11708) 11377) 19 36:) 10. 6) 1-0 •. 11 (7, 61 101 

6/18/74 126 33 23 182 0,6 -o. 1 HWS 9,5 SE 0 
14433) 11165) 18121 16426) 12.1) 1-J. 31 15. 91 (01 

1/9/14 71 32 23 126 0.3 0. r 12.6 Variable 0 
12~05) (1130) 18121 1• 449) I 1. )) 1-0, 1 I 17, s1 (01 

7/30/74 69 38 23 130 0,5 
~~-

1
21 

E 13-J SE 
t1?h1 ( 24 42) (1342) (8121 (U59C) I 1, 7) 18, I 

a12e114 147 56 31 234 0.2 J. 1 LVS 8,5 Variable 0 
15178) (1977) I 1 C·951 (8263) (0. 7) 10. 21 15. 31 101 

9/11/74 7 uu 16 7 16~ 1115 0.5 -0.2 e 10. J SE 0 
(2770C) (5697) (579,;J (3937JJ I 1, 7 I I -o. 61 16, 2) (01 

----------------------------------------------------------------------------------------------------------------------
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Figure 8-1. 
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Classification of the Pensacola Bay system under the 
Water Quality Standards. 
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Criteria (1972), suggests criteria for the f~llowing water uses: 
(1) Recreation and Aesthetics; (2) Public W:iter Supplies; (3) 
Freshwater Aquatic Life and Wildlife; (4) Marine Aquatic Life :ind 
Wildlife; (5) Agricultural Uses of Water; and (6) Industrial 
Water supplies. 

PRINCIPAL NUTRIENTS 

carbon 

Introduction 

The total organic carbon (TOC) measurement was used to assess 
the concentrations of organic material in the Pensacola Bay 
system. carbon is a major component of microbial biomass and an 
oxygen demand is exerted by aerobic microorganisms as they 
consume carbon. Consequently, total organic carbon occurs in the 
biomass of plant and animal organisms, and as natural 
decomposition products. Waste discharges also add TOC to the 
Pensacola Bay system. An excessive concentration of TOC, greater 
than 2.0 mg/1 (see Principal Nutrient Index section), can be an 
indicator of over enrichment which can depress dissolved oxygen 
levels by causing excessive populations of microorganisms. 

Results and Discussion 

Mean TOC concentrations in all components of the Pensacola 
Bay system were greater than the 2.0 mg/1 calculated standard 
during all surveys performed in 1974 with the exception of the 
surveys performed on June 18 and July 30, 1974 (Table 8-2). 
Consequently, sufficient carbon was usually available in the 
Pensacola Bay system to theoretically cause the dissolved oxygen 
concentrations in the waters to be depressed below the 
concentrations specified in the Florida Water Quality Standard 
(Appendix 8-6). 

Mean TOC concentrations during the 1974 water quality surveys 
were distributed uniformly throughout Escambia Bay (Figure 8-2)_. 
Mean concentrations throughout the bay were generally lower than 
those in the river. There were no obvious increases in TOC 
concentrations near waste discharges during this period. 

Throughout East and Blackwater Bays the mean TOC 
concentrations were essentially the same during January through 
September 1974. In Pensacola Bay, TOC concentrations gener:illy 
decreased in a. seaward direction with the lowest mean 
concentrations occurring at Station P04, at the western end of 
Santa Rosa Sound. 

A statistical analysis of TOC data collected during the 1974 
surveys indicated that the mean TOC concentration in Escambia Bay 
was statistically highe~ than mean concentrations in Pensacola 
and East Bays (Table 8-3). 
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(X) 
I 

0\ 

'!3.bl<:~ a - 2. M:.:::111 total oryanic cacbon :::01:centrations in the Pensacola 
oay .;;;ystc'!m duriny January through September, 1-374 (Pensacola Ray data 
.trom the Uuiversity of west Florida). 

Datl'! 

1/23/74 

~/12/74 

3/05/74 

3/27/74 

4/16/74 

5/07/74 

5/29/7'4 

6/1 d/74 

7/09/74 

7/30/74 

8/2':;74 

9/11/71' 

::ft ec ti v e 
Pl::>w (1) 

( m 3 /sec ) 

455 

H70 

338 

346 

696 

183 

265 

182 

126 

1 - r _j -

234 

111 5 

Escambia 
(mg/1) 

4.8 

7.2 

4.6 

3.2 

5.2 

4.5 

3.8 

4.0 

6. 1 

3.2 

4.6 

8.2 

East 
( w-~ /1) 

l.9 

6.J 

4.3 

2. 'j 

3.4 

1. 1 

3. ij 

2.4 

5.!) 

1. 3 

4.8 

6.9 

Blackwater 
(m<J / l) 

4.6 

n. 2 

2.9 

3.~ 

4.4 

3. 9 

3.5 

1. 9 

4. 1 

3.7 

,• 4. 9 
-. -

12.8 

reosacol3. 
(ID:J /1) 

3.3 

~.g 

5. i3 

4.7 

3. 6 

2.2 

· 2. 6 

3.6 

.2. 7 

3. 2 

3. : 
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(1) !ot~l eLicctivc flu~ into the Pensacola 3ay system, 
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Figure 8-2. Mean total organic carbon (mg/1-C) in the Pensacola 
during January through September, 1974. Bay system 
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Table 8 - 3, St.at.1..stical comparison of mean total ocganic cacbon coucentcations 
in Escambia Bay with thosP. in other components of the Pensacola Bay system 
ducinq Januacy t.hrough Septembec, 1974 (Pensacola Bay data £cow th~ 
University of West Florida), 

Bay 

Escambia 

East 

Blackwater 

Pensacola 

Mean TOC 
concentration 

(mq/1) 

5. 15 

3,94 

5,25 

],74 

Calculated t 

6.41 (1) 

0,29 (2) 

6.88 (1) 

Degree::; ot 
freed;,m 

36 

38 

60 

(1) The hypothesis that the mean TOC concentcation in the given bay 11as 
less than that. in Escambia Bay can be acc€pted with greater toan 
99 percent coufidence. 

(2) The hypothesis that the mean TOC concentrations in Escambia ar,.u 
Blackwater Bays are egual can not be rejected, 

During the water quality survey performed in Choctawhatchee 
Bay on September 12, 1974, the surface and bottom values of TOC 
generally decreased in a seaward direction as shown 1n Figure 8-
3). A comparison of the mean TOC concentrati~n in Choctawhatchee 
Bay on this date with the mean concentration in the Pensacola Bay 
system during the period March through August 1974 indicated all 
bays had about the same mean concentrations as shown below: 

Choctawhatchee 
Escambia 
Pensacola 
East 
Blackwater 

TOC 

3.4 
4.4 
3.7 
3.4 
3.6 

The river discharge into the Choctawhatchee and Pensacola Bay 
systems were 71 and 75 percent of mean annual flow for the 
comparison periods. Again, the mean concentrations in all bays 
were above the 2. O mg/1 calculated standard. 

. _Mean TOC concentrations in the components of the Pensacola 
Bay system were slightly lower during the 1973 low flow diel (24-
hour) wate_r quality surveys than during the high floii surveys 
(Table· 8- 4) • Mean concentrations in ~:11 comp~nents of the system 
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Table 8 - u. Mean total organic carbon concentrations in comµonents of 
the Per.s.:1cola ·say··system during 1973 diel water quality surveys. 

-----·-----.. ·--. --.. ----- -------------------- --- ---
Survey, ~ide Depth 

I Eq ua tori a 1 A 

E 

II Tropic A 

F 

III Eq u:i tori a 1 A 

E 

IV Tropic A 

E 

::scambia 
Bay 

(mq/1) 

8.0 

11. 2 

7. 8 

, 0 • , 

7. J 

f, • 1 

5, 6 

5.5 

East 
Bay 

(mg/_l) 

8.0 

1 ,. , 

8.0 

1 0. 3 

6.6 

5. 2 

4.4 

3. 6 

Pensacola 
,Bay 

(mg/1) 

7.6 

1 0. 7 

7.9 

, , • 7 

7.0 

4. 1 

ti. 2 

2.9 

-----~--------------------------------------------------------------

were about the same. All mean concentrations during ~11 four 
surveys were greater than the 2.0 mg/1 calculated standard. 

There were no obvious patterns in the mean surface and bottom 
TOC data in Escambia Bay during September 1969 (USDI, 1970) as 
shown in Figure 8-4. A comparison was made of mean TOC 
concentrations during the 1969 water quality survey with those 
during the 1973 and 1974 water quality studies (Table 8-5). The 
stations considered were E1, E3, E7, E9, E10, E13, E18, and E20 
during 1969; and EEIX 1 EEKV, EIIL, EKLQ, EIKC, EKMP 1 and EGLY in 
1973 and 1974. All the above stations are located in upper 
Escambia Bay. The mean TOC concentration was 45 percent qreater 
during August 1973 than during September 1969. Ourin3 all the 
1974 surveys considered, the mean TOC concentrations were lower 
than the 1969 mean, and the greatest decrease, 24 percent, 
occurred between September 1969 and June 1974. 

Most TOC concentrations measured during surveys performed by 
the Escambia _Bay Recovery Study and the University of Nest 
Florida were greater than the 2.0 mg/1 standard calculated by the 
method used in Water Quality Criteria (1972). Little variation 
in , TOC concentrations occurred throughout the components of the 
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Figure 8-3. Total organic carbon (mg/1-C) in Choctawhatchee Bay 
on September 12, 1974. 
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Table 8 - 5, Comparison of mean total orqanic carbon concentrations in upper Escambia 
9ay bHween Sept.eaber, 1969 water quality surveys and the survey~ in 1971 and 1974, 

--------------------------------------------------------------------------------
Total Organic Carbon 

---------------------------- -----------Mean Change in Percent of 
total organic carbon mean from 1969 flov 

Date concentration 1969 
(mg/1) ('Ir,) (~) 

------------------------------------------------------------------------
Septelllber 2]-25, 196 9 4,9 

Auqust ,23-25, 1973 7, 1 ♦ 45, 92, 

May 5, 1 9711 4,5 - fl. 86. 

June 18, 1974 3, 7 - 24, 95, 

Tluqust 2C-, lQH 11,8 - 2. 111, 

Summer 1974• Ii. 3 - 12. 89, 

- - - ---------------·-------------------------------------- ·-----------------------
* ~ean for studies performed durinq May through ~uqust 1974, 

Pensacola Bay system, and distinct patterns of TOC concentrations 
due to waste discharges were not observed. ~ summary of TOC data 
by stations for January through September .1974 is presented in 
Appendix 8-7. 

Nitrogen 

Introduction 

Nitrogen is present in most aquatic environments due to such 
processes as dieoff of organisms and release of nutrients from 
their biomass into the waters, sediment nutrient release 
(discussed in the Sediment Nutrient Release section), inflow from 
tributaries, and land runoff. When wastes which contain large 
amounts of nitrogen are introduced into an aquatic system, an 
imbalance is created which can cause eutrophication if the 
necessary concentrations of other nutrients such as phosphorus 
are present. Another problem with industrial nitrogenous wastes 
is· that some of them are toxic to aquatic organisms and so 
present a threat to the health of the system. 

Significant quantities of nitrogen can also enter an aquatic 
system from the atmosphere due to _both. precipitation and 11 dry 
fallout". This problem was not evaluated during this study.· 
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A criterion for assessing the extent of nitrogen imbalance in 
an aquatic system is the nitrogen to phosphorus. (N-P) ratio. 
This ratio, which on a weight basis is about 7.25:1, relates 
total nitrogen to total phosphorus (Water Quality Criteria, 1972; 
Redfield, et al., 1963). It holds true generally for the open 
oceans, but in coastal and restricted waters such as estuaries, 
the ratio is usually considerably .different. This is because 
productivity is usually so much greater in estuaries, and inputs 
of nitrogen are so variable. 

Water Quality· Criteria recommends that a- :total nitrogen 
concentration of 0.360.mg/l in a marine ecosystem is eKcessive. 
This value is based on stoichiometric calculations which show 
that 0.360 mg/1 total nitrogen together ~ith 0.05 mg/1 total 
phosphorus would produce enough organic matter to eKhaust the 
oKygen content of the water at the warmest time of the year with 
poor circulation. The.assumption made in these: stoichiometric 
calculations is that 212 moles of oxygen are consumed in 
oxidizing each mole of phosphorus, and 4.0 moles of oxygen are 
consumed in oxidizing each mole of nitrogen (Redfield, et al., 
1963). These calculations assume that all nitrogen and all 
phosphorus will eventually. be biologically utilized. However, 
these values are the only reference standard available to assess 
nitrogen and phosphorus concentrations in an estuary. Even 
though they were used in this report, their limitations should be 
kept in mind. 

Florida Department of Environmental Regulation criteria d~ 
not give specific limits for nitrogen. 1 

Results and Discussion 

All but two of the mean concentrations of total nitrogen in 
Escambia Bay during 1974 studies exceeded the reference standard 
of 0. 360 mg/1 (Water Quality Criteria, 1972) (Table 8-6). These 
two occurred during the June 18, 1974 and July 30, 1974 surveys. 
Total nitrogen concentrations in East, Blackwater, and Pensacola 
Bays were generally less than the 0.360 mg/1 standard. On the 
basis of this standard, there was enough nitrogen in Escambia Bay 
during virtually. all of the 1974 study-period to theoretically 
deplete dissolved oxygen concentrations below the Florida Water 
Quality Standard specification of 4.0 mg/1. 

The mean ·total nitrogen to total phosphorus ratios for the 
components of the Pensacola Bay system during the study period 
January through September 1974 are listed below: 
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Escambia 

Pensacola 

East 

Blackwater 

Fatio 

14.6:1 

10.5:1 

18.5:1 

14.6:1 

These ratios are all considerably hi~her than the 7.25:1 
ratio in the open ocean. According to these data, more than half 
of the time the limiting nutrient for phytoplankton in the 
Pensacola Bay system appears to be phosphorus, since nitrogen is 
usually available in sufficient amounts for biological 
utilization, and little soluble phosphorus was found in the 
Pensacola Bay system during the study period. Phosphate is 
utilized by microorganisms in the soluble form (USEP~, 1971). 

Mean nitrate-nitrite concentrations in the Pensacola Bay 
system during January - September, 1974 decreased in a seaward 
direction from Escambia River to lower Pensacola Bay (Figure 8-
5). Nitrate-nitrite was the only nitrogen parameter that showed 
this upper to lower bay pattern. 

There were some localized elevations in nitrogen 
concentrations near waste outfalls in the Pensacola Bay system 
during the study period. These occurred in northeast Escambia 
Bay (Stations EEDR and EGLY) near the ~ain Street outfall 
(Station P07) and near Bayou Texar (Station P11) (Fi~ures 8-5 
through 8-7). Organic nitrogen, ammonia, and nitrate-nitrite 
concentrations were affected. 

A comparison of mean concentrations in components of the 
Pensacola Bay system during January through September 1974 showed 
that Pensacola, East, and Blackwater Bays had virtually identical 
nitrogen concentrations with the exception of one value. This 
exception was nitrate-nitrite in Blackwater Bay (Table 8-7), and 
this undoubtedly reflects tributary influence. Using a •t•-test, 
concentrations of all types of nitrogen were significantly higher 
in Escambia Bay than in Pensacola Bay with 99 percent confidence, 
as shown below: 

t 

3.6 

df 

22 

t 

2.8 

df 

24 

Orq. N. 

t 

6.3 

df 

27 

Total N. 

t 

6.9 

df 

22 

The major portion of nitrogen in the Pensacola Bay system in 
1974 was organic nitrogen. The other nitrogen forms were 
relatively insignificant compared with organic nitrogen. 
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Table 8 - 6, Mean nitroqen concentr~tions in the conponents of the Pensacola Bay system during January 
throu4h September, 1g74 (Pensacola Bay data from the _University of wast Plorida), 

------------------------ ---------------------------------------------

Date 

1/23/74 
2/12/711 
3/05/H 
3/27/711 
II/ 16/7 4 
5/')7 /7 U 
5/29/H 
6/18/74 
7 /09 /711 
7/30/711 
8/2~ /7 4 
9/11/711 

Date 

1/23/711 
2/12/74 
3/05/7 4 
]/27/711 
11/16/711 
5/C7/7U 
5/29/H 
6/18/74 
7/C9/74 
7/))/74 
8/2'· /7 4 
9/11/74 

-----'i'otal 
Plow ~itrogen 

m 3 /sec I (ciq/11 

455 0,5U'I 
1070 C. SU 7 
.BB o. 444 
346 ~-. 399 
696 c. uuc, 
18 3 C,551 
265 ~. 112•'.i 
182 ,;, 167 
126 C•, 366 
1 31) (), 311 7 
2)4 C,355 

1115 ~. 517 

Escambia Bay · 

Nitrate
Nitrite 

(mg/1) 

(),085 
0 .095 
(', 127 
(!. r. 7(-
o .r1qJ 
0. C-·58 
~ .IJ38 
C • ,; Jil 
CJ-2( 
t\Jlf, 
'l. C·4 8 
~ .c 56 

Ammonia 
(mg/1) 

0.112 
'l.076 
o. ')112 
/\,()62 
0,')136 
o. 030 
(', 021 
0, ~4 7 
O.C23 
o.~211 
I', C75 
·1. 19R 

Blackwater !lay 

Organic 
Nitrogen 

(mq/1) 

0,352 
0,376 
0,275 
0,267 
0,261 
r. 463 
C,, 359 
C,186 
0.323 
~-. 107 
0,272 
('. 263 

Total Nitrate- Jrganic 
Flov ijitrogen Nitrite Ammonia Nitrogen 

m 3 /sec ) (lllq/11 (mq/1) (mg/l) (mg/1) 

1155 0,398 ~J5h 0,077 •J. 265 
11)7~ o. 371 ,1. C 5(1 0.%9 o. 252 
338 r. 229 (. C q 1 ~. ·) 15 0.121 
3116 C,JU2 G, OU~ 0.:is2 0,250 
696 0,2711 OJ·67 ~.077 0. 1 ](\ 
183 o. 391 C.03U 0,014 J,JUJ 
265 C,229 I~ e ,:i ]4 O,C14 0. 1il 1 
Hl2 (I, 117 n.o3s o. 03) 0,0116 
126 0, 26 1 OJ29 ,:,.n1 0. 211 
13C 0,237 (!,•138 l'.'.1)21 "· 178 
234 o. 361 (',(,56 o. ')79 '). 226 

1115 C.JC1 (',C36 o,n95 f.·,17C· 

Total 
Nitrogen 

(mg/11 

C,1107 
C',360 
c. 284 
C,278 
o. J 15 
0,617 
0.21111 
1'1, 104 
0,243 
,J. 193 
C\,21)7 
1. 305 

East Bay 

--------------------Nitrate- Organic 
Nitrite Ammoni3 Nitrogen 

(mg/1) (mg/11 (mg/1) 

0,028 0,055 C.3211 
0.053 0.056 '.l. 251 
o. ~·55 0.0)8 0,191 
0,025 il,036 n.211 
I), CJ() o.oao 0.205 
0,1)11 0,036 0.571\ 
1),0 10 · 0.010 0.2211 
0.')10 0,027 C,067 
o. I) Vi O, IJ15 (),21R 
0.010 0.010 0.163 
O,C12 !),!)60 o. 135 
o.~21 J, 117 p. 167 

Pensacola Bay 

Total Nitrate- Oc-ganic: 
Nitrogen Hitc-ite Aamoni3 Nitrogen 

(mq/1) (mq/l) (mg/11 (mg/1) 

~.3115 o.~n 0.041 G,2811 
:.237 o.o6c; 0,067 o. 11'.'5 
I), 221 O,OU6 J.1'.122 o. 151 
r:. ')q6 :i. 042 0,073 o.1181 
0,276 C. c, 35 0. , 11 0. 1 JO 
,}, 254 o. 0 11) 0.022 0.222 
(',4q5 ,) • 012 , , ?26 (). 1157 

0.011 c. 133 
C, 120 0. 0 18 0. ')10 o,oq?. 
,,. 167 0,013 0,027 0,127 
•1.179 0,010 ),,·'l 16 0, 15) 
). 281 O. C21J 0.092 G,168 

--------------------------------------------------------------------------------
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Figure 8-5. Me~ri nitrate-nitrite nitrogen (mg/1-N~ in the 
· Pensacola Bay sys.tem dur'ing January throuqh September, 1974. 

(Pensacola Bay data from the University of West Florida). 
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Figure 8-7. Mean organic nitrogen (mg/1-N) 
system during January to September, 1974 
from the University of West Florida). 
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P,nsacola Bay 

~, 

Figure 8-8. Predicted steady state total nitrogen concentrations 
in µg/1 per 953 kg/day (2100 ppd) and 1314 kg/day (2897 ppd) 
discharged by American Cyanamid Co. and Air Products and 
Chemicals, Inc., respectively. 
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Table 8 - 7. He~n nitrogen concentrations in components of the Pensac~l~ Bay· system 
during January to September, 1974 (Pensacola Bay data from the _Unive_r~ity c;>f, West 
Florida) • . . 1 - • 

-----------------------------------------------------------------------------
Eay 

Escami>ia 

Pensacola 

East 

Blackwater 

' . . . . . . . ·._ 

nitrate-nitrite 
(mg(l) 

0.062 

0,025 

0,023 

0.047 

ammonia 
(mg/1) 

0.066 

(1,045 

IJ,C45 

o. 04 7 

organic-nitrogen total nitrogen 
(mg/1) (.mg/1). -

. 0. 3.) C 

0. 209 

0. 228 

0. 198 

~.1128 

J.279 

J •. 296 

0.292 

The models for the distribution of wastes from Air Products 
and Chemicals and ~erican Cyanamid plants (See Chapter .6)" ,1ere 
used to determine the relationship between actual and pre.dieted 
concentrations. Predicted total nitrogen concentrations in µg/1 
per 953 kg/day (2100 lb/day) and 1314 kg/d·ay _(2897 _lb/day) 
discharged . by Air Products and American· Cyanamid plants, 
respectively, (interim NPDES limits) are presented in Figure 8-8. 
The wastes remain relatively concentrated in the upper northeast 
portion of the bay. The highest concentrations occur near hir 
Products and Chemicals-Plant discharge as was expected since 

:wastes from American Cyanamid plant_ also concentrate in this. 
area. Significant quantities of the nitrogen, 47 and 14 µg/1, 
reach the north and south inlets of Mulatto Bayou, respectively. 
The nitrogen isopleths indicate that portions of th~ wastewater 
move seaward along the eastern shore of Escambia Bay and are t1ell 
diluted when they· reach the mouth of Indian Bayou. The 
concentrations predicted here do not represent critical 
conditions because of high river discharges during the American 
Cyanamid Dye Study. 

The relationship between the predicted surface steady state 
total nitrogen concentrations due to discharges from Air Products 
and Chemicals, Inc., and American Cyanamid Co., (Interim NPDES 
limits) and actual average values measured in the bay during 
August, and September, 1974 are shown in Table 8-8. The 
discharge accounted for a significant percent of thP total 
nitrogen in upper Escambia Bay, and 8, 23 and 29 percent of the 
total nitrogen concentrations near the mouth of the Little White 
River (Station EEIX), the center of the upper portion of the bay 
(Station EEKV), and Fishermans Point (Station EGLY), 
respectively, appeared to be due to the waste discharges. Three 
percent of the concentrations at both the ch2nnel, near Marker 
"18" (Station EIKC), and in Macky Bay (Station EIIL) appeared due 
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to these waste discharges. At the channel ne3r the Interstate 10 
bridge, one percent of the total nitrogen c~ncentration appeared 
due to these waste discharges. 

~.comparison of nitrogen data from Choctawhatchee Bay sampled 
on September 12, 1974 and the pooled average of Pensacola Bay 
nitrogen data from March through August 1974 · showed that 
Choctawhatchee Bay had low nitrogen concentrations and Escambia 
Bay had the highest concentrations for all nitrogen species, (see 
listing below and Figures 8-9 through 8-12). 

NH3-N N03-N02-N Org. N. Total N. 
---------------mg/1------------------

Choctawhatchee 

Escambia 

East 

Blackwater 

Pensacola 

0.016 

0.046 

0.035 

0.036 

0.034 

0.050 

0.056 

0.019 

0.048 

0.022 

0.19 

0.29 

0.22 

0.19 

0.22 

0.256 

0.392 

0.274 

0.274 

0. 276 . 

The mean total nitrogen concentration in Choctawhatchee Bay 
was significantly less than in Escambia Bay, but was about the 
same in the rest of the Pensacola Bay system. Choctawhatchee Bay 

Table 8 - 8. Predicted percent of actual surface total nitroge~ concentrations 
due to Air Products and Chemical Inc. and American Cyanamid :o. 

Station 

Surface Total Nitrogen concentration (µg/1) 

Mean actual 
August - September, 1974 

Predicted based on 
Interim NPDES Limits 

Percent of 
Actual 

-----------------------------------------------------------------· -----
HIX 2 33 18 8 

EEKV 
-, 

325 74 23 

EGLY 3 44 100 2~ 

E.IKC 353 12 3 

EIIL 299 9 3 

EKMP 318 2 
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had a mean total nitrogen concentration of 0.256 mg/1, which was 
well below the maximum of 0.360 mg/1 recommended in Water Quality 
Criteria (1972). 

Total nitrogen concentrations in Escambia and East Bays 
during the August 1973 low flow diel (24-hour) water quality 
surveys were noticeably higher than concentrations during the 
April high flow surveys. This probably reflects higher 
biological productivity in summer, rather than flow conditions. 
Mean total nitrogen concentrations in Pensacola Bay remained 
essentially the same in April and August. All mean total 
nitrogen concentrations during the August low flow surveys, and 
most concentrations durtng the high flow surveys, exceeded the 
0.360 mg/1 standard (Table 8-9). 

During the September 1969 survey (USDI, 1970), concentrations 
of ammonia and nitrate-nitrite in Escambia Bay were the major 
portion of the total nitrogen (Table 8-10 and· Figures 8-13 
through 8-15).. At Station E7, near Air Products and American 
Cyanamid Plant outfalls, there were elevated surface and bottom 
mean ammonia and nitrate-nitrite concentrations. Upper Escambia 
Bay data from the 1969 water quality survey were compared to the 
corresponding data from 1973 and 1974 studies (Table 8-10). The 
stations considered were E1, E3, E7, E9, E10, E13, E18 and E20 
during 1969; and EEIX, EEKV, EEIL, EKLQ, EIKC, EKMP, and EGLY 
during 1973 and 1974. The data in Table 8-10 show that all 
nitrogen 'p~rameters have decreased since 1969 except for organic 
nitrogen, 'which remained about the same (The 1974 values used for 
comparison -~er~ the May-August means). Mean total -nitrogen 
concentratitsns--,. · for the stations considered in summer, 1 974 were 
just about one-half of what they were in September 1969. Ammonia 
and nitrate-nitrite decreased by even larger percentages. Based 
on these limited data, water quality in Escambia Bay as it 
relates to nitr~gen has improved considerably in five years, even 
though total nitrogen in 1974 still exceeded the 0.360 mg/1 
standard recommended by Water Quality Criteria. A summary of the 
1974 nit:rogE;,n data by station is presented in Appendices 8-8 
through '.B~ 11., \ 

Phosphorus 

Introduction 

Phosphorus is important in considering water quality due to 
its role in aquatic productivity. In excessive amounts it is 
associated with algal blooms which are the cause of much water 
quality degradation. Phosphorus compounds in the aquatic 
environment-·almost always occur in the oxidized state. Three 
forms occur most frequently: orthophosphate (H 2 Po., HPo., and 
PO•)~ polyphosphate (P2 0 7 , P3 0 9 , P3 0 10), and organic phosphorus. 
Organic phosphorus, which also occurs almost exclusively in the 
oxidized state, is combined with organic molecules in t._he cell 
biomass of plants and animals. Phosphorus is usual"ly in an 
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1able 8 - 9. Mean Nitrogen concentrations in com~ouents of the Pensacola Day system during 1~73 diel 
water quality surveys. 

Date .Tide: 

Escambia Bay 

Ammonia 
(m,/1) 

Nitrate
Nitrite 
(mg/1) 

East Bay 

----------------------
Ammonia 
(~g/1) 

Nitrate-
Nitrite 
(mg/11 

Pensacola Day 

Ammonia 
(mg/1) 

Nitrate
Nitrite 

(mg/1) 

. -------- . ____ -------- . ----------------------------------------------------------------------------------
April· Equatorial A 0. C 64 O.J711 ,) • ) 114 O.C6" :) • 059 1. 058 

E 0.059 c. 069 o. 0 54 o. 06" :'. ')95 0,037 

April . · Tropic A o,;;51 o. 122 0,026 0.035 J,CB O. G" 7 
E O,C61 C.117 J.045 (i.030 LC42 0.021 

August F.yua tori al 
;. .. 

A O.C35 0.092 I), J 10 0.01,; 0.011 C.010 
E o. 138 o. 057 o. 128 O·,OVi ), 151 C,012 

August Tropic A 0.019' 0,0"7 o. 0 10 0.010 J. C 1J C,01 Ci 
E 0 •. 120 0.030 •, .o. 150 ,.022 C .06) c.0111 

Escambia Bay east Bay Pensacola eay 

Cate Tide 
organic Tota·l 
Nitro~en Nitrog~n· 

Orginic · . ,Total 
Nitrogen Nitrogen 

organic Total 
Nitrogen Nitrogen 

· (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 

. -------------- . -- . '----------.. --------- ~ -- '---------- ,· ------·--_ ----------. ---------------- ' . -------·-
April Equatorial A 0.237 C.315 o. 195 O •. 303 C. 253 · 0.369 

E o. 168 o. 296 0. 191 0.309 G.268 o. QC 9 

April. Tropic A 1),363 o.5u2 o. 17" c. 237 ~.395 o. 1181 
E C.395 C.573 0.257 0.332 ~.Q55 0;510 

August P.quatorial A 0.512 0.639 o." fu 0.1134 ~.11·1) C.491 
·E O.Q77 0.672 o. 457 ,0.595 ) • 287 o. 1150 

August Trovic ,A 0.1183 0.5U9 J,GB8 .,o. 508 0.382 C,110'2 
E 0.1180 0.630 0.513 0.685 ).307, o. 381, 

Table 8 - 1 :•, Comparison ot m<>an nitroqen concentrations in upper Escambia Eliy between the September, 1969 water 
quality survey and the studies i'n '1973 and 19711, 

- ... -------- ----------- '. __ . --- . '. -- , ---·. ---- . ------------------·----------, ----.------------------

Date 

Nitrate - Nitrite 

f1Pan 
nitrat~-nitrite 
concentratio·n 

(mg/1) 

Change in Percent of 
mean ,from 1969 flov 

1969 . 
··c~, ('.f;) 

Hean 
or,anic nitrogen 

concentration 
(mg/1) 

I 

Organic Nitrogen 

Change in Percent of 
mean from 1969 flov 

1969 
('!.) 

-------------------------------------------------------------------------------------------------. . . ~ 

September 2 J,-25, 1969 0. 1 "C 0.280 -
/ 

Auqust 23- 2 5, 1973 ~.083 - ,.1, 92. I). 1180 • 71 92. 

"a y 5, 19711 0, ,'99 - 29. 86. Q,U60 • 6U, 86. -
June 18, 197Q ~.082 - 113, 95, 0,08C - 71, 95. 

Auq ust 2 :-: , 197U o.~73 - 50. 111. o. 190 - 32. 111. ,, 
summer 19711• ,· .• c,,.7 - 66. 89. 0.2n 11. 89. \ . ' -------- -------- . -- - ' ~ 

~mmcnia Total Hitrogen \ 

Date 

.~ean 
amoonia 

concentration 
(mg/1 l 

Change in Percent of 
mea~ from ~~~9 flow 

,1969 
'_ex, (I) 

Mean 
. tot3l .nitrogen 
. concentration 

(mg/1) · 

Change in 
mean frona 

H69 
(~) 

Percent-of 
1969 flov 

('I.I 

------------------------------------------' -- -- ·----------- ·. - . ------ ·------------------------------------
September 2 3- 2 5, 1969 (\.290 l).71J 

Auqust 2 3- 2 5, 1973 ".'. 11 ·': - 62. n. 0.671 6. 92. 

~ay 5. 197Q .- , r u 7 - 811, 86 ').606 - H. 86. 

June 18, 197" r. •'. 66 - 11. q5. C,228 - 68. 95. 

Auqu st 2,:, 1 Y7" C • J qr - 7 ~. 111. r,. 3"3 - 52. 111. 

Summer 197U • ., ,06U - 78 89. ~.392 - ,.5, 89. 

• ~ean for studies perfor~ed durinq May through August 197", 
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insoluble form in an estuarine environment where there is .a 
significant amount of biological productivity •. ,This is due to 
three factors.: much soluble phosphate is taken up into cell mass 
and so is kept out of solution; phosphate is ·readily adsorbed 
onto insoluble residues in the water;' and the . pH is in the range 
(slightly basic) in which phosphate cpmbines with' multivalent 
cations to form insoluble precipitates. 

' ., 

Phosphorus in significant quantities can enter the aquatic 
environment from the atmosphere as a result of precipitation or 
11 dry fallout". This proolem was not evaluated during the study. 

Florida Department of Environmental Regulation (FDER) 
criteria do not give specific limits for phosphorus in estuaries. 
The recommendation in Water Quality Criteria (1972) is that 0.05 
mg/1 total phosphorus should be considered the upper limit for a 
marine ecosystem. This reference standard is discussed further 
in the nitrogen section. 

A criterion for 
nitrogen to phosphorus 
total nitrogen. It 
section. 

assessing phosphorus concentrations is the 
ratio, which relates total phosphorus to 
is discussed in detail in the nitrogen 

Results and Discussion 

Mean dissolved orthophosphorus concentrattons were negligible 
throughout the Pensacola Bay system during the 1974 study perio::i 
(Figure 8-16) • Mean orthophosphorus concentra_tions in, Escambia 
Bay generally decreased in a seaward direction (Figure 8-17). 
Mean total phosphorus concentrations in Escambia Bay decreased in 
a seaward di'rection on the eastern side of the bay, and remained 
relatively constant on the western side (Figure 8-18). 

Phosphorus concentrations in the Pensacola Bay system during 
January September · 1974 varied relatively little among bays 
(Table 8-11). All of the total phosphorus concentrations except 
during the April 16 ·and July 9, 1974 surveys ~ere ~ell within the 
0.05 mg/1 recommended WQC standard (Table 8-12). 

A comparison of September 12, 1974 Choctawhatchee Bay 
phosphorus data with Pensacola Bay system total phosphorus 
from March August 1974 showed little variation among 
orthophosphorus concentrations were identical for all bays. 
data are listed below: 

Choctawhatchee 
Escambia 
Pensacola 
East 
Blackwater 

8-26 

Total qrtho-
Phosphorus . ~hosehor!:!§_ 
---------m~/1-P--~--~----

0.030 
0.028 
0. 030 
0.018 
0.021 

0.013 
0.016. 

0.012 
0.013 

total 
data 

bays. 
The 
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Pensacola Bay system during January throu;,h September, 1974 
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Figure 8-18. Mean total phosphorus (mg/1-P) in the Pensacola Bay 
system during January through September, 1974. (Pensacola 
Bay data from the University of West Florida). 
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Table 8 - 11. Mean totdl dnd orthophosphorus concentrations 
in the components of the Pensacola aay system during 
January throu3h September, 1974 (Pensacola Bay data from 
the University ot West Florida). 

fay 

Escambia Bay 

:Pensacola Bay 

East say 

Blackwater Bay 

Total 
Phosphorus 

(mg/1) 

0.028 

0. 026 

0.016 

0.020 

Octh·o
Phosphocus 

(mgfl) 

0.018 

o. 011 

0.014 

'Iable a - 12, tl"an total ~hosphorus (T-P) anJ orthopbo,;phorus p-P) :onccntrations in th2. Peusacola 
Bar system duriny January through Sept~mber,197U (Pensacola Ddy jata from the University·of ~est Florida), 

-----------------------------------------------------------------------------------------------
i:f:ective Esc.ambia zast Black va ter ?ensacola 

-0-P- - T-l'- --------------- 0-l' T-l' Cate Plow• O- P T-P 0-P T-P 
( m 3 /sec , (c~/1) (m,i/1) (my/l) (mg/1) (lilg/1) (mg/1) (mg/1) (mg/1) 

-------------------------------------------------------------------------------------------------
1/2 3/7 u 455 c.c1q c.no o.c11 0.011 ).~11 O,Q12 o. J 2~ 

:.i/12/74 1070 C • CJ7 o.ns O. C 11 0.012 :.02u ?.r2u C. C 15 

3/CS/74 JJU C. C 19 o.•B5 0.018 ·).023 0.016 0,025 0,)10 

3/27/74 340 C. C· 11 C, :J 18 ,.011 0.016 0, J11 o.no C,)35 

·4/ 16/7 U 696 O • C· 19 0,026 0.012 G,J22 o. 01 C: 0,022 C.05~ 

~/0 7/7U 10J C·. v 17 0.)20 0.011 Q. 0_15 J • 31 b C.01!1 C. C2C 

5/29/7U 26 5 C,013 0, )27 J. C 10 ,) • C 1U :, •JI~ 0.025 ".n3 
6/18/7ij 1B2 0, C· 18 o.n2 0 ,"012 0.015 ),:;12 Q.015 o. C' 30 

7/09/7U 126 C ,C 17 o.nJ ? ,,) 10 ,).O 1J J •• -~ 12 ·J. o 1 a o. )58 

7/30/7U 13~ 0.019 0, )3~ <),012 ·). 0 26 0 ,-) 14 •), •12 7 C.(123 

8/20/74 234 C ,C ,'t 0,) 32 ,, • /) 11J 0,015 J.~12 ,) .o 19 C·. C 17 

9/11/7U 1115 C, 024 0.-?4U ,). J 10 ~.(113 o. J 18 0.022 ('. ,)23 

---------------------------------------------------------------------------------------------------
• 'Iotal effective flow into the Pensacola Bay system. 
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Dissolved orthophosphorus concentrations were negligible (Figure 
8-19). Phosphorus concentrations in Choctawhatchee Bay generally 
were greater on the eastern, freshwater end (Figures 8-20 and 8-
21). This again reflects the influence of freshwater sourcEs. 
All concentrations were well below the 0.05 m~/1 recommended WQC 
standard. 

Mean total and orthophosphorus concentrations in the 
Pensacola Bay system were higher during the 1973 high flo~ diel 
surveys than during the low 'flow surveys (Table 8-13). Mean 
total phosphorus concentrations in Escambia Bay during survey II 
exceeded the 0.05 mg/1 standard. 

Mean phosphorus data from the 1969 water quality stu::ly (USDI, 
1970), showed elevated concentrations near industrial dischcirges 
in northeast Escambia Bay (Figures 8-22 and 8-23). Phosphorus 
concentrations in upper Escambia Bay from the 1969 survey were 
compared to the corresponding data from 1973 and 1974. The 
stations considered were El, E3, E7, E9, E10, E13, E18, and E20 
in 1969; and EEIX, EEKV, EIIL, EKLQ, EIKC, EK~P, and EGLY in 1973 
and 1974. Mean concentrations for various periods are listed in 
Table 8-14. The concentrations of orthophosphorus dropped by 50 
percent between 1969 and 1974 while total phosphorus 
concentrations decreased by 75 percent. These decreases brought 
phosphorus concentrations under the 0.05 mg/1 standard in 1974. 

The indication of these limited data is that phosphorus 
concentrations in Escambia Bay have decreased since 1969. A 
summary of the phosphorus data by stations is given for January 
through September 1974 in Appendices 8-12 through 8-14. 

Principal Nutrient Index 

Introduction 

To evaluate water quality in an estuary like Escambia Bay, a 
massive data base for numerous parameters is required to describe 
natural and induced variation in the system, and to understand 
conditions in the bay relative to other bays. Evaluation can be 
simplified by combining water quality parameters in such a manner 
that a standardized distance from a control or an index can be 
calculated. Harkins (1974) suggested the use of a nonparametric 
classification procedure to compute an index. 

8-32 



CX> 
I 

w 
w 

\ ' 

1able 8 - 13. Mean total and orthophosphorus concentrations in components of tne 
;;>ensa::ola. Bay system ducin9 the 1973 diel watGr ,1uality sucveys. 

Total Phosphorus (mg/1) 

-------------------------------------------Suc_vey Ti :ie Depth ~scam bi a Bay East Bay Pensacola Bay· 

I '.=:guator:ial A ,'). 05•) ) -~ n 0.024 
r:: G,04d 0. ') 17 0.015 

II 1'copic A 0.%1 C,035 0.039 
E 0. 063 J. 0 36 ').025 

III E•-1uatorial A C.031 0.014 .).019 
E 0. 03d 0. 0 3:J 0,027 

IV Tropic A O.C'17 ,') • !) 12 0,016 
E O.G35 0.033 0. 020 

Octho Phosphorus (mg/1) 

Sucvey TiJ•~ Depth Escambia Bay !ast Bay Peasacola Bay 

April E] uator ial A .; • J!.12 0, 0 20 0 .032 
E J.0!12 0. 0 24 0.015 

I Tcopic A 0.042 ~.021 0. 0 21 
E' 0. 1)4 3 a.on 0 .012 

III Equatorial A .).013 0. 0')8 0.010 
:: o. 018 ').,) 15 . 0,019 

IV Tropic A ,'.).011 0,013 · 0,01:) 
E 0. n 1 ·'.I. 0 lo 0 :o 12 
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• Table 8 - 14. Comparison of mean total and ortbophospborus concentrations in upper Escambia 
Bay between September, 1969 water quality surveys and the surveys in 1973 and 1974. 

Date 

Mean 
tot a 1 ~hospbor us 

concentration 
(mg/1) 

Total Phosphorus 

Change in 
mean from 

1969 
('-1 

Percent of 
1969 flov 

(%) 

---------------------------------------------------------------
September 23-25, 196 9 

August 23-2 5, 1973 

l'lay 5, 1 974 

June 18, 1 974 

August.20, 1974 

Summer 1974 

Date 

0.08 

0.03 

'). ·;2 

0.02 

0.03 

0, ')2 

Mean 
ortho phosphorus 

concentration 
(mg/1) 

- 63. 92. 

- 75. 86. 

- 75, 95. 

- 63. 1 1 ,. 

- 7"i, 89. 

Ortho Phosphorus 

Change in Percent of 
mean.from 1969 flow 

1969 
(ii (I) 

--------------------------------------------------------------------------
September 2 3- 25, 1969 

August 23-2 5, 1973 

!lay 5, 1974 

June 18, 1974 

August 20, 1974 

Summer 1974 * 

0.04 

0.1)2 -
0,02 

0.02 -
0.01 -
0.02 -

so. 
50. 

5-1. 

75. 

50. · 

92. 

'86. 

95. 

111. 

89. 

---------------------------------------------------------------------
* l'lean for studies performed during ~ay through August 1974. 
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Using Harkin•s method, the Principai Nutrient Index (PNI) was 
calculated from Escambia Bay Recovery study data, University of 
west Florida Sea Grant data, and data f~om other Gulf Coast 
estuaries. Total organic carbon, total nitrogen, and total 
phosphorus were used as parameters in the PNI because high levels 

·of these substances are , an indication of pos·sible enrichment. 
Because the total concentration of each nutrient was used, 
dissolved and particulate components of each parameter are 
included in the index. 

The index is advantageous because it simplifies evaluating 
carbon, nitrogen, and phosphorus concentrations by combining them 
into one value that can be compared to a water quality standard 
(see Methods) and used as a water resources management tool. 
High values of the index indicate high concentrations of one or 
all of the parameters. Even though only one of the parameters 
has high concentrations, unacceptable water quality may still 
exist. use of the index does not eliminate the need to evaluate 
the individual parameters in detailed water quality studies. 

Method 

The first step in the calculation of PNI was to assign a 
control value to each parameter. A control value of zero for 
each parameter was used in this analysis. The next step was to 
assign a rank by.ascending order to each value by parameter, 
inclu1ing the control value. Tied ranks within a given parameter 
were split by assigning each replicate value the mean rank of 
that group. The rank variance for each parameter was obtained 
using the following equation: 

k 

Variance ( Ri) = ..l_((n3 -n)- l (t:j3-~>>••••••••••••••••<1) 
12n j=i 

where 

i = 1,2 •••••• ,p 

J = 1,2••••••tk 

where 

n = t:he number of observat:ions, including cont:ro1s, 

p = t:he number 0£ paramet:ers used, 

k =. the number of groups o:f t:les, 

t = t:he number of observat:ions in t:he Jth group 0£ ties. 
j 

p 

PNI = l 
i:;:l 

( R.-R ) 2 
1 C 

/ Variance (R. >>•••••••••••••••<2) 
1 
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where 

Ri - the rank of the observation 

Re = 'the rank 0£ 'the control 

All other notation is the same as above. rhe minimum value of 
PNI possible is zero and the maximum value is p times 12 which 
was 36 .. for this analysis. 

·, 

The values of PNI calculated using the method described above 
are initial values. Their data base is presented in·Appendix 8-
15. 

The method used to calculate the initial PNI values limits 
the use of PNI as a water quality index because, for a given 
sample, the PNI value will change when the data base is altered. 
This problem can be eliminated by developing a multiple 
regression model of the initial PNI values. Since the data base 
used in calculating the initial PNI values consisted of 3574 ~ets 
of data from various Gulf Coast estuaries and rivers with varying 
water gualities, the multiple regression model can be used to 
calculate an index value for any set of data. The equation for 
the model is: 

PNI = 20.601 + 3.995 (Ln P) + 6.062 (Ln C) + 3.451 (Ln N) •••••• 3 

with the limits 

If PNI < 0.0 then PNI = 0.0 
If PNI > 36.0 then PNI = 36.0 

where PNI = Principal Nutrient Index value 
p 
C 
N 

= 
= 
= 

total phosphorus concentration - mg/1 as P 
total organic carbon concentration - mg/1 as C 
total nitrogen concentration - mg/1 as N 

The multiple correlation coefficient for the model was 0.88, 
indicating it provided a good fit of the data. The standard 
partial regression coefficients were 0.49, 0.45, and 0.38 for 
total phosphorus, total nitrogen, and total organic carbon, 
respectively, indicating each parameter has about the same 
influence on PNI. In addition, for the data base described in 
Appendix 8-15, the cumulative frequency distributions for the 
initial PNI values and for values of PNI calculated from Equation 

·3 were quite similar (Figure 8-24). 

A PNI value representing a maximum 
acceptable water quality has been 
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suggested and the method used in Water Quality Criteria (1972). 
The Criteria recommend that available nitrogen and phosphorus in 
waste discharges should not increase the total nitrogen and 
phosphorus concentrations in the receiving waters above 0.36 and 
0.05 mg/1, respectively, to avoid exhausting the oxygen content 
of the water during critical conditions. The nitrogen and 
phosphorus values presented above were derived from the work of 
Redfield,, et al., (1963), who gave the following ratios as 
~haracteristics of the principal element~·· present in living 
marine plankton and the stoichoimetric relationship between these 
elements and oxygen. 

O: 
276: 
138 :, 

C: 
106: 
40: 

N: 
16: 

7.25: 

P: 
1. by atoms or 
1 by weight. 

Based on the ratio above, the recommended carbon value was 
estimated:to be 2.0 mg/1 of total organic carbon. 

Altpough the above concentrations are recommended for 
critical conditions, in reality, they are too high to be used as 
a maximum.standard. These concentrations could produce enough 
organic material to reduce t~e dissolved oxygen concentration in 
the ·.receiving waters to below the minimum standard of 4. 0 mg/1 
during any flow and temperature conditions. Nevertheless, 
concentrations of ().05 mg/1 of total phosphorus, 0.36 mg/1 of 
total .nitrogen, and 2.0 mg/i of total organic carbon were used to 
determine a standard PNI value; however, it should be understood 
that this value is high and. problems could occur at lower PNI 
values. · · The standard PNI value calculated using Equation 3 ifas 
9.3; to simplify matters,·a PNI value of 9.0 will be used as a 
standard to distinguish between excessive nutrient enrichment and 
acceptable aquatic conditions with respect to nutrients . .. 
Results and Discussion 

. Mean PNI valu.es. i.n Escambia Bay during September 23 through 
September 25, 1969 were generally much greater than the 9.0 
standard (Figure ·:8-25) • Mean surface values in northeast 
Escambia Bay (Stations E3 and' E7) were higher than mean surface 
values at the mouth of the river~ This appears due to the 
industrial discharges located in the northeast area of the bay. 

The -PNI values in the Pensacola Bay system during diel (24-
hour) studies ·in April and August 1973 generally indicated 
Escambia Bay was the most nutrient-enriched component of the 
system (Table 8-15). Pens~cola and East Bays had similar mean 
PNI values. and were less nutrient-enriched than Escambia Bay. 
Mean surface and bottom PNI values in Escambia Bay during the 
high river inflow studies (I and II) were greater than values in 
the Escambia River (Station ER10), which tends to indicate 
resuspension of material from the sediments. During the low flow 
studies (III and IV), mean surface values in Esc·ambia Bay ifere 
generally lower than mean values in the Escambia River (Station 
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Table 8 - 15, lleau PNI values fro■ pooled data for the Pensacola &ay sy~tem during studies 
in April (I and II) and August (III and IV),,Rumber of observations are in parentheses. 

Studies 

B_ay I II III IV 

--------
Escambia Bay 

Surface 18.4 22.9 18.0 10. 8 
(37) (44) (55) (58) 

Bottom 21,4 26.2 18.0 17. 1 
(34) (44) l52) (60) 

East Bay 
Surface 11.8 13,9 9.8 6.5 

( 11) (11) (12) (12) 
(X) 
I Bottom 15.3 18. 4 14.9 15.J 
~ ( 12) (12) ( 12) I 12) .... 

Pensacola 
Surface 11.6 16,6 13. 2 6,6 

(21) (24) (24) (24) 

Bottom 15,4 19. 1 10.0 5.7 
(21) (24) (24) (24) 

Escambia Biver · 
Surface 15. 1 19. 1 19. 4 1 J. 7 

(3) (4) (4) (4) 

Bottom 20.9 22,8 .! 1, 3 14.0 
(4) (4) (3) (4) 

-------------- -------------------------------



ER10), depicting normal dilution of river inflow·by tidal mixing. 
In addition, mean bottom PNI values in Escambia ~nd E~st Bays 
were higher than values in Escambia River 'inflow, again 
indicating resuspens:io·n qf .m~.t'erial from the . sediments. Only 
mean surface. values 'in East .Bay and mean surface and bottom 
values in Pensacola Bay, during Study IV, were less·than the 9.0 
PNI standard. 

The PNI values in the Escambia River (Station ER10) were 
highly correlated to the effective discharge of the Escambia 
River during January through September 1974 (r = 0.74, df = 11, p 
<0.05). Thus, high PNI values occurred when river discharge was 
high and lower values occurred during low flow:peri.ods (Figure 8-
26) . 

The mean PNI value .for each bay of the Pensacola Bay system 
during each 1974 sampling date followed the trend of river 
discharge (Figure 8-27). High river discharges in the spring 
caused high mean PNI values in the bays, and conversely, low 
river discharges caused low PNI values in the bays. 

Mean PNI values in Escambia Bay during the 19.74 studies 
generally decreased in a seaward direction (Figure 8-28). There 
was no increase in PNI downstream of the Mon~a.nto corporation 
Plant discharge. In ·the'· northeast area of the bay, (Stations 
EEKV and EGLY) the mean PNI values were about 13 percent higher 
than values near the mouth of the river, indicating enrichment 
due to waste discharges in this area. Mean PNI values in Mulatto 
Bayou were higher than those in Escambia Bay, indicating 
enrichment in the bayou. 

Mean surface and bottom PNI values were similar throughout 
Blackwater and East Bays and no pattern was evident (Figure 8-
28) • 

In Pensacola Bay, the highest surface mean PNI value occurred 
near the outfall of the Main Street STP (Station P07) (Figure 8-
28). In fact, surface PNI values during all 1974 studies were 
highest at this location. Mean PNI values generally decreased in 
a seaward direction. The surface mean value near the Pensacola 
Beach bridge (Station P04) was considerably higher than the value 
at the nearest station in Pensacola Bay (P03). This llias probably 
due to discharges from the Gulf Breeze and Pensacola Beach Sewage 
Treatment Plants, which are located near the bridge.,. 

No pattern-of PNI values was observed ·during the water 
quality study performed in Choctawhatchee Bay on September 12, 
1974 (Figure 8:_ 29) • -The .~stimate·d ef,fectiv.~ discharge _. of the 
Choctawhatchee. Ri'ver was abOut ,120 in3/sec · (4,223 cf s) , :or about 
61 percent of the mean annual flow of 198 m3/sec (6 ~ 981 • cf s) 
during the study. 

The water quality of the Pensacola Bay system was evaluated 
by comparing the PNI values to the standard value of 9.0 (Table 
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8-16). (The bays should only be compared within study periods -
columns on Table 8-16 - because sampling frequency and station 
locations differed during the various study periods). During 
September 1969, 91.0 percent of the PNI values were greater than 
9.0, indicating nutrient enriched conditions in the bay. In 
1973, about twice the percent .of PNI values exceeded 9.0 in 
Escambia Bay than in East Bay. The percent of PNI values that 
exceeded 9.0 was greater.in Pensacola Bay than in East Bay during 
1973. Escambia Bay had PNI values during the 1974 studies that 
exceeded 9.0 in more than 50 percent of the samples, indicating 
that nutrient-enriched conditions existed more than half of the 
time. Pensacola and Blackwater Bays had nutrient-enriched 
conditions during slightly less than 25 percent of the sampling 
times in 1974. East Bay had the least amount of nutrient 
enrichment during January through September 1974. Values of PNI 
in Choctawhatchee Bay indicated that the potential for problems 
existed, since 28.7 percent of the samples exceeded a PNI value 
of 9."0. 

The water quality of the Pensacola Bay system ~nd 
Choctawhatchee Bay was also evaluated by comparing mean values 
(Table 8-17). In order to reduce the fluctuation of PNI values 
due to changing envi~onmental conditions in the Pensacola Bay 
system, all PNI data collected in the system from March through 
August 1974 were pooled and compared to Choctawhatchee Bay PNI 
data collected during September 1974. Statistical tests 
indicated that the mean PNI values in Escambia and East Bays #ere 
higher and lower, respectively, than the mean in Choctawhatchee 

·Bay, and that the hypothesis that the mean PNI values in 
Blackwater and Pensacola Bays are equal to the mean value of PNI 
in Choctawhatchee Bay cannot be rejected. It was assume1 in this 
analysis that the PNI values during September 1974 in 
Choctawhatchee Bay were representative of summer PNI values. 
Nutrient enrichment in Escambia Bay was greater than in 
Choctawhatchee Bay, and nutrient enrichment in East Bay ~as less 
than in Choctawhatchee Bay. The nutrient enrichment in 
Blackwater and Pensacola Bays was not statistically different 
from'that in Choctawhatchee Bay. 

Values of PNI in upper Escambia Bay during a two-day diurnal 
(24-hour) study in September 1969 were statistically compared to 
values during 1973 and 1974 with comparable river inflo#s (Table 
8-18). Although the 1969 study period was limited, PNI values at 
that time were always higher than those during the periods of 
1973 and 1974. Thus, nutrient enrichment in Escambia Bay has 
decreased between 1969 and 1974. , 

Gulf Coast estuaries outside the Pensacola Bay system were 
included in the PNI data base in order to further evaluate the 
water quality of the Pensacola Bay system. These estuaries were 
Perdido Bay, Florida-Alabama, sampled during June 1972 (USEPA, 
1972), and Bayou Casotte and Escatawpa River, Mississippi, 
sampled in July 1972 (Environmental Protection Agency, Athens, 
Georgia, unpublished data). The evaluation indicated that 
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------1able a - 16. Percent of PNI va,l_ues gi:--eater lhan or equal to 9.0 for 
the Pensacola Bay sy_stem __ ~-nd_:c-hoctawhatchee Bay. 

__________ .- ------------------------------------------------------- ~ ---
Eay Date --- September 1969 1973 (1) January to September 1971+ 

Escambia 91 • : 81.4 

in.a 

5 3. 3 

East 

Blacki.ater 

Fensacoli 

Choctawhatch4:2 

62.4 

13, 6 

24, 1 

22. 5 

28,7 (2) 

(1) Includes i:;urfac1:: anll bottom values d11ri:q EBRS diel stuJies in !l.pril 
and August, 1973, c1nd surface values inc Uw:o' r,iweekly stuJias, 

(2) Valuas from Septt::mber 12, 1974 study. 

!able 8 - 17, Statistical comparison of mean PNI values in the Pensacola Day 
system during studies ~erformed in May through August 1974, with :hoctawbatchee 
Day on Septemb·er 12, 1974. 

Eay 

Chocta11hatchee 

Escambia 

East 

Elack11ater 

Fensacol:1. 

Mean l'NI Value 

6,3 

9. ll 

4,6 

5,3 

5.6 

Calculated t 

4. 83 I 1 l 

2, 17 (2) 

o. 97 (3) 

I). 94 (3) 

Degrees of Freedom 

356 

125 

221 

(1) The hypothesis that the mean PNI in Escambia aay is greater thau that in 
Choctawhatchee Bay can be accepted with greater than 99 percent confidence, 

(2) The hypothesis that the mean PNI in East Bay is less than that in :hoctav
hat::hee Buy can b~ accepted with greuter than 95 percent confidence, 

J3) The hypothesis th~t the mean PNI value of the bays compared are equal can 
not be rejected, 
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tabled - 18. Statistical com~riso~ of mean PNI values in upper ~scambia Bay during September 19&9 
· and g~ven dates in 1973 and 1974. 

---------
tate 

~eptember 23-25,196~ (31 

. August 23.-25, 1973 (4) 

,!lay• 5, 1974 (<i) 

.June 1 B, 19 74 (4) 

- August· 20, 1:174 (41 

summer 1974 (1) (4) 

!lean PIil 
Value 

17. 9 

11.2 

J. 7 

10, 7 

lC.6 

------------------

Change in mean 
PNI from 1'1&" 

.(percent) 

-17 

-37 

-79 

-40 

-41 

Percent of 
1969 flo11 

92 

S6 

35 

111 

89 

Mean for studies performed.during !lay through August 1974. 

Calculated 
. t 

3.32 (2) 

7,15 (2) 

18,40 (2) 

5,58 (2) 

9.00 (2) 

Degrees of 
Freedom 

106 

49 

71 

78 

177 

( 1) 

12) The hypothesis that the mean PNI values ~n tbe 9ivcn dates 11ere less than that in Septem~er 19&9 
can be accepted vitb yreater·

0

than 99 percent confidence, 

(3) 

(4) 

Pooled data statious E1,E3,E7,E9;E1n,E16, and P.20. 

Pooled data statious E~IX,REKV,EIIL,~KLQ,EIKC,!K~~, and EGLY. 

Table 8 - 1".J, St~tisticdl comparison of mean PNI values in Escambia Bay with other Gulf ~oast estuaries. 

Date Mean PNI 
value 

. . 

Calcul-ated 
t 

Degrees of 
Freedom 

.source 

--------------------------------------------------------------------------------------------------------. . , 

Escamiiia Bay May through 9.8 :EBRS 
August 1974 

Per<i ici o llay June 197 2 9,9 0. 1 7 ( 1_1 389 ··us::;1.>;\, 1972 

Eayou Cassotte July 1972 31).5 17.-74 ( 2) 330 USEPA 

Escatawpa River July 1.,72 20.a 9.95 ( 2) 335 iJSEP~ 
. . ------------------------------------------------------------------------------------------------------

( 1) 

(2) 

~lie hy~othesis thit the mean"PNI v~lues in -~~cambia and Perdido Bayi aie e~uai can not bi reje:teJ, 

The hypothesis that' the mean .PNI· values· iu the yiven estuaries ·ace gceatec; than th,tt i_n E:scambia 
nay can be accept~d- with gre~te~ than 99 percent confidence. 



Escambia· Bay ·was considerably less nutrient-enriched than Bayou 
casotte and_.. the· Escatawpa River · (Table 8_j,19), ···two polluted 
.Mississippi estuaries. The comparison between Escambia and 
Perdido Bays indicated that nutrient enrichment in these bays 
during the periods compared was statistically equal. 

Q!!GEN RESOURCES 

Dissolved oxygen 

Introduction 

Of all the chemical substances in natural waters, oxygen is 
one of the most significant as both a regulator of the metabolic 
processes of communities and organisms, and as an indicator of 
conditions (Reid, 1961). The dissolved oxygen concentration in 
waters may be affected by a number of factors. 

1. Inflow of tributaries: Rivers discharging into Gulf 
Coast Estuaries usually flow through swampy areas that 
contribute water low in dissolved oxygen to the river, 
and in addition, they receive discharges from subsurface 
springs or seeps containing water low in dissolved 
oxygen. These tend to dilute dissolved oxygen 
concentration in the river before it enters the estuary. 

2. Respiration of organics: Respiration of plants and 
animals while oxidizing organic matter utilizes 
dissolved oxygen. The organic material ~ill be 
·allochthorious (substances which originate outside of the 
system such as waste discharges or swamp drainage), and 
they will be autochthonous (substances originating in 
the estuary such as organism biomass or recycled 
material from the sediments). The etfects of 
respiration are more conspicuous at night because they 
are masked by photosynthesis during the day. 

3. Inorganic Reactions: Inorganic activities such 
oxidation of iron may cause the loss of oxygen. 

as 

4. Photosynthesis: Phytoplankton and attached plants 
contribute significantly to the oxygen content of an 
estuary. Since sunlight is required for photosynthesis, 
oxygen is produced in this manner during daylight hours 
causing diurrial variation in ·dissolved oxygen 
conc~ntrations. Large diurnal fluctu~tion is an 
indic'ation of poor conditions in the estuary. 

5. Turbulance: Aeration of an estuary, an important source 
of oxygen, is a function of turbulence which· is caused 
by tidal and river discharge currents and wind forces. 
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6. Temperature: The solubility of oxygen varies inversely 
with temperature. Thus, raising the water temperature 
could result in a loss of oxygen from the estuary. At 
the same time, an increase in temperature should 
increase the metabolic rates of the organisms within the 
estuary. This will increase the rate of both 
photosynthesis and respiration. 

7. Salinity: The solubility of dissolved oxygen 'is also 
inversely proportional to the salinity of the water. 

Resul!,§_ 

~nsacola Bay System - 1974 

Mean surface dissolved oxygen levels during January through 
Septe~ber 1974 were usually near saturation at stations sampled 
in the Pensacola Bay system. (Figure 8-30 and 8-31; AppendiK 8-
16 and 8-17). The mean concentration in Escambia River water 
entering the bay (Station ER10) was 6 .9 mg/1 (77 percent of 
saturation) .and the mean deficit was 2.0 mg/1. Mean surface 
concentrati_ons near the Escambia River Delta (Stations EEIK, 
EIKC, an1 EIIL) were slightly greater than 7.0 mg/1, or 80 to 100 
percent of saturation. In the remainder of Escambia Bay, mean 
surface concentrations were slightly greater than 8.0 mg/1, or 
100 percent of saturation. Mean surface dissolved OKygen 
concentrations in East and Blackwater Bays were at similar levels 
to those in Escambia Bay. · · 

. Mean bottom dissolved oxygen concentrations, du'rin::r January 
through September 1974, were lower at deeper stations,. The mean 
bottom concentration at a shallow station in upper Escambia Bay 
(EEKV; mean sampling depth 1.4 m) was 5.7 mg/1 and the mean 
concentration at a deep station in the lower bay (ETLQ; mean 
sampling depth 4.0 m) was 3.4 mg/1. Mean bottom concentrations 
in East and Blackwater Bays were• again at similar lev,els to those 
in Escambia Bay. 

Mean surface dissolved oxygen concentrations in Escambia and 
East Bays, pooled by bay for each surve-y during the 1974 study 
period, steadily declined from near 9.0 mg/1 in February to about 
6.0 mg/1 in September (Figure 8-32). Percent of dissolved oxygen 
saturation for the same period actually increased slightly 
(Figure 8-33) , indicating that the reduction in mean surf ace 
concentration was due to increased temperature and salinity. 
Mean surface dissolved oxygen concentrations in Escambia and East 
Bays during each study in 19.74 were within one mg/1 of each other 
and followed a simiiar·trend throughout the year. 

During each study, pooled mean bottom dissolved oxygen 
concentrations were usually lower than surface concentrations. 
Mean bottom dissolved oxygen concentrations were usually lower in 
East Bay than in Escambia Bay during the studies performed from 
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January through May 1974, and higher during all studies after May 
1974 (Figure 8-32). Two periods of low bottom dissolved oxygen 
concentrations occurred during the 1974 study period 0 one in 
spring and one in late summer. 

Surface dissolved oxygen concentrations were rarely less than 
4.0 mg/1 (the minimum level allowable in Class II and III ~aters; 
see Appendix 8-6) in Escambia and East Bays during the 1974 
studies, and bottom concentrations were often below this level 
(Table 8-20). No surface dissolved oxygen concentrations less 
than 4.0 mg/l occurred in East Bay and only 1.7 percent of the 
surface concentrations in Escambia Bay were less than 4.0 m3/l. 
In East and Escambia Bays, 31.7 and 31.2 percent of the bottom 
dissolved oxygen measurements, respectively, were less than 4.0 
mg/1. of all the bottom dissolved oxy3en samples ~ith 
concentrations less than 4.0 mg/1 collected from Escambia Bay 
(31.2 percent of the total), 3.8 percent of the total ~ere 
collected from the bottom of the dredged channel at times ~hen 
the concentrations at the depth of the natural bottom were 
greater than 4.0 mg/1. Thus, low dissolved oxygen concentrations 
occurred throughout the bottom of the bay, and not just in the 
dredged channel. 

A chronological examination of dissolved oxygen 
concentrations at selected stations indicated there was an 
inverse correlation between dissolved oxygen and salinity (Figure 
8-34). In the freshwater reach of the lower Escambia River 
(Station ER10), dissolved oxygen concentrations were always above 
5.2 mg/1. In central northeast Escambia Bay (Station EEKVi mean 
sampling depth, 1.4 m), the bottom concentrations were only lower 
than the 4.0 mg/1 minimum standard on three occasions. On the 
other hand, near the American Cyanamid plant discharge (Station 
EGLY, mean sampling depth, 2.0 m), bottom dissolved oxygen 
concentrations were less than 4.0 mg/1 in seven of the eleven 
samples collected. At the entrance to the Escambia Bay channel, 
(Station ERPB; mean sampling depth, 3.2 m) the bottom dissolved 

1able 8 - 20. Fcequency distcibution of dissolved oxy~en concentcations in 
Sscambia and East Bays duciny Januacy thcou':lh Sei)tembec, 1974. 

Bay 

East !:lay Sue tace 

13ot tom 

Escambia Bay Sue face 

Bottom 

Numbec of Ohsecvations % less than 4 mg/1 

8-52 

60 

60 

240 

240 

0 

31.7 

1 • 7 
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Pensacola Bay system. (Pensacola Bay data from the 
University of West Florida). 
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oxygen concentration was only lower than 4.0 mg/1 in four of the 
12 studies performed during 1974 as shown in Figure 8-34. At the 
deepest station in lower Escambia Bay (ETLQ; mean sampling depth, 
4.0 m) concentrations were below 4.0 mg/1 in eight of the 12 
samples collected. Dissolved oxygen concentrations of less than 
4.0 mg/1 occurred during late winter, early spring, and during 
the entire summer. 

University of west Florida (UWF) dissolved oxygen data from 
Pensacola Bay were compared to Escambia Bay Recovery Study (EBRS) 
data collected in East, Blackwater, and Escambia Bays. ~ Delta 
Scientific dissolved oxygen probe was used for this analysis by 
UWF while the EBRS used the modified Winkler titration method. 
Dissolved oxygen concentrations at Stations ErLQ (EBRS) · and P12 
(UWF), which are 2.7 km (1.7 mi) apart, were strongly correlated 
during the January 23 through May 29, 1974 studies (r = 0.96, df 
= 12, p < 0.01). After this study date, there was no correlation 
between data at the two stations. This indicated that the 
dissolved oxygen probe was not operating properly after May 29, 
1974. Bottom dissolved oxygen samples collected, between January 
23, and May 29, 1974, at Station ETLQ in Escambia Bay and Station 
P10 in Pensacola Bay, showed that the bottom dissolved. oxygen 
concentration at Station ETLQ was consistantly lower than those 
at P10, indicating that a bottom water mass from Pensacola Bay 
did not cause low dissolved oxygen concentrations in Escambia Bay 
during the spring. Figure 8-34 depicts bottom dissolved oxygen 
concentrations at Stations P12 (mean sampling depth, 5.1 m) and 
P10 (mean sampling depth 8.4 m). 

Bottom 
4.0 mg/1 
AGJI; mean 
BNGA; mean 

dissolved oxygen concentrations were also less than 
in early spring and late summer in East Bay (Stat.ion 
sampling depth, 3.0 m) and in Blackwater Bay (Station 
sampling depth 2.1 m) (Figure 8-34). 

Pensacola Bay system - 1973 

Dissolved oxygen concentrations were measured every three 
hours during diel (24-hour) water quality studies performed in 
1973. studies during both tropic and equatorial tidal cycles 
were performed during high and low river inflows (Table 8-21). 
Mean concentrations and percent of saturation at each station 
sampled are shown in Appendix 8-18. 

Mean dissolved oxygen deficits in the Escambia River during 
each study were similar as shown below: 

Study Date (1971)_ D.O. d~ficit (mq/lL 

I April 13-15 2.4 
II April 19-21 2.7 

III August 16-18 2.7 
IV August 23-25 2.8 
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!able 8 - 21. D3tes of and environmental condttions during the 1973 
diel ~ater quality studies. 

Study Dates Tide Range 
m 

River I·nfl ow 
m 3 /sec 

-----------------------------------------------------------------. . 

I Apr-il 1 3 15 0. 1 1697 

.II Apr-il 19 21 
,,.\ 

0.6 757 

III August 16 18 o. 2_ 286 

IV Au~ust 23 25 0.6 2C8 

--------------------------------------------

1dble a - 22; frequency of dissolved oxy~en c~ncentr1tions les5 than 4.0 ~g/~ duri11g StuJies III 
ann rv. (Auyust, 1973). 

sruoi rrr S~ODY IV 

Bay Depth Nu. ot Ob5. ·, less than 4.0 my/l N~. ~f-Obs. A less than•4.n mg/1 

Escamuia s uclacc 9d 2.1 Ill o. Q 
Bottom 96 56. J 111 63. 0 

East surfac.a 24 j.' 24 o. o · 
Bottom 24 75.) 24 95.8 

fensal.:ol:i Sue-face 48 12. 5 4 7 o.o 
Do tt·om 47 74.S 44 29. 5 

Gulf sucfac,: 1 14. 3 B Q.C 
Bottom 1 14 • 3 6 c.o 



There· were high dissolved oxygen concentrations, in 'the 
Pensacola -Bay system during study I. Mean surface and·· bottom 
concentrations in Escambia Bay ranged between 80 and 9~ percent 
of ·saturation. Because river· discharge was extremely highquring 
this study, Escambia Bay was essentially fresh and there was no 
vertical stratification. In East Bay, mean surface arid bottom 
dissolved oxygen concentrations were all above 7.0 mg/1, or 75 
percent of saturation~ Mean surface dissolved oxygen 
concentrations in Pensacola Bay were all near 90 percent of 
saturation, and mean bottom concentrations were siigtitly beiow 
7.0 mg/1, or 80 percent of saturation. No samples collected 
during this study had dissolved oxygen concentrations less than 
4.0 mg/1. 

During Study II, dissolved oxygen concentratici~~ were 
essentially the s~me as those during study I. Only one sample 
collected during this study had a dissolved oxygen concentration 
less than 4.0 mg/1, and this occurred in upper East Bay (Station 
ADGV) • 

During Study III, when the river inflow was about the average 
annual flow, dissolved oxygen concentrations were lower than 
those in April 1973. In upper Escambia Bay near the Escambia 
River delta, mean surface concentrations were 6.0 mg/1, or 75 
percent of saturation. In the lower bay, concentrations were 
near 8.0 mg/1. Two percent of the surface samples collected in 
Escambia Bay had concentrations of less than 4.0 mg/1 (Table 8-
22). Mean bottom concentrations in the dredged channel were all 
less than 2. 0 mg/1. Throughout the rest of the bay mean bott_om 
concentrations ranged between 2.1 and 6.3 mg/1~ _or 36 · and 97 
peicent of saturation. Fifty-six percent of ~he bottom samples 
collected in Escambia Bay had concentrations of less than 4.0 
mg/1 (Table 8-22). 

In East Bay, during Study III, all mean surface 
concentrations were near 100 percent of saturation. conversely, 
mean bottom concentrations were extremely low, ranging between 
1.4 and 2.7 mg/1 or 22 and 43 percent of saturation, and 75 
percent of all bottom samples were less than 4.0 mg/1. 

In Pensacola Bay, all mean surface concentratiqns during 
Study III were siightly greater than 100 percent of saturation 
and 12.5 percent of the surface samples contained less than 4.0 
mg/1 of dissolved oxygen (Table 8-22). Mean bottom 
concentrations varied from 5.0 mg/1 at the inlet to 0.7 mg/1 in 
the eastern portion of Pensacola Bay, and 74.5 percent of -the 
bottom sa~ples contained dissolved oxygen concentrations less 
tha~ 4.0 m~/1. · 

study IV was performed during tropic tides and low river 
inflow conditions and dissolved oxygen concentrations were lower 
in Escambia and East Bays, and higher in Pensacola Bay than 
during study III. Mean surface concentrations in Escambia Bay 
ranged from 74 to 113 percent of saturation, and no surface 
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samples had concentrations below 4.0 mg/1 (T~ble 8-22). Samples 
from stations at the channel bottom had mean concentrations 
ranging from 1.1 to 2.4 mg/1, and the rest of the bottom stations 
in Escambia Bay had mean concentrations ran3ing from 2.4 to 7.1 
mg/1 or 60 to 100 percent of saturation. Sixty-three percent of 
all bottom samples collected from Escambia Bay had jissolved 
oxygen concentrations less than 4.0 mg/1. 

Dissolved oxygen concentrations in East Bay were generally 
lower ·d~ring Study IV than during Study III. All mean surface 
concentrations were near 100 percent of -saturation and no samples 
had coricefntrations less than 4. 0 mg/1 (Table 8-22) • Mean bottom 
concentrations at. stations in East Bay were extremely lo~, 
ranging from 20 to 31 percent of saturation, and 95.8 percent of 
all samples collected had concentrations less than 4.0 mg/1. 

Dissolv~d oxygen concentrations in Pensacola· Bay durtng study 
IV were generally higher than those during study III. Mean 
surface concentrations were all slightly greater than 100 pe~cent 
of saturation, and mean bottom· concentrations ranged between 43 
and 101 percent of saturation. During this study, there were no 
surface samples with dissolved oxygen concentrations less than 
4.0 mg/1 (Table 8-22), and 29.5 percent of the bottom samples 
were less than 4.0 mg/1 compared to 74.S percent during Study 
III. . . 

Dissolved oxygen concentrations near the bottom of Pensacola 
Bay were higher during Study IV than during Study III,. and th1s 
appeared to have been due to tidal exchange. Since the bay was 
·stratified, during these studies dissolved oxygen in tQe bottom 
w~ter did not come from reaeration. Thus, the bottom water that 
existed in the bay seaward of the Pensacola Bay · bridge·. during 
study III was diluted by Gulf water transported into the bay by 
tropic tides (Table 8-22). · · · 

Large diurnal variations are an indications of stressed 
aquatic conditions. There were no large diurnal variations in 
dissolved oxygen concentrations in the Pensacola Bay system 
during Studies III and IV (Figure 8-35). Surface diurnal 
variations were always less than 2.0 mg/1. In northeast Escambia 
Bay and East Bay there were significant diurnal variations in 
bottom dissolved oxygen, but since. benthic algae were not found 
in the system, this variation was due to changing tides and 
winds. 

_Escambia Bay - 1969 

During a study of Escambia Bay on September 23-25, 1969 
(USDI, 1970), mean surface dissolved.oxygen concentrations were 
slightly greater than 5.0 mg/1 adjacent to the Escambia River 
delta (Figure 8-36). Mean surface concentrations increased to 
greater than 8.4 mg/1 near the Land N Railroad bridge, and then 
increased slightly in a seaward direction. Mean bottom dissolved 
oxygen concentrations of less than 4.0 mg/1 occurred over 43 
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Figure 8-35. Dissolved oxygen concentrations during Studies III 
and IV (August 1973) for selected stations in the Pensacola 
Bay system (Pensacola Bay data from the University of west 
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percent of the area of the bay. This includes all of the central 
and northern sections of the bay, except for the shallow areas 
near the delta (USDI, 1970). 

Large diurnal variations in dissolved oxygen, indicative of 
high phytoplankton concentrations, were observed in Escambia Bay 
during the 1969 study. In the northeastern area of the bay 
(Station E3), the range was 7.3 mg/1 at the surface. The surface 
range in the central part of the upper bay (Station E9), in the 
eastern section of the upper bay (Station E18), and in the lower 
bay (Station E29) were 6.8, 6~8, and 3.5 mg/1, respectively. 
Large diurnal variations did not occur in August 1973. 

Choctawhatchee Bay - 1974 

Surface dissolved oxygen concentrations in Choctawhatchee Bay 
on September 12, 1975 were about 70 percent of saturation near 
the mouth of the Choctawhatchee River (Figure 8-37 and 8-38). 
Values increased to greater than 100 percent of saturation by 
mid-bay. The dissolved oxygen deficit in the Choctawhatchee 
River was 2.9 mg/1, which was similar to that in the Escambia 
River. Bottom dissolved oxygen concentrations were considerably 
lower than surface values, and nine of the 21 bottom samples 
analyzed (43 percent) were lower than the 4.0 mg/1 minimum 
standard. Bottom dissolved oxygen concentrations were lowest in 
the deep center section of the bay, and bottom concentrations in 
this section ranged between 0.2 and 0.9 mg/1. 

Discussion 

Dissolved oxygen concentrations in Escambia Bay appeared to 
improve between 1969 and 1973 through 1974. The high diurnal 
variation in dissolved oxygen observed in 1969 was not observed 
i~ 1973. During the 1974 study period, there were two periods of 
low dissolved oxygen, one in the early spring and other in late 
summer. The period in early spring occurred after high river 
inflows and the one in summer occurred when salinities in the 
system were high, indicating poor flushing. During both periods, 
lower bottom dissolved oxygen concentration occurred near the 
industrial discharges in northeast Escambia Bay (Station EGLY). 
The data that was available for Pensacola Bay during 1974 
indicated that low dissolved oxygen concentrations in Escambia 
and East Bays during the spring of 1974 were not caused by a 
water mass from Pensacola Bay entering these systems. Benthic 
oxygen demand from the sediments appeared to have been a 
significant factor in causing low bottom dissolved oxygen 
concentrations. 

in the 
Bottom 

surface 
oxygen 

not 

Vertical stratification in the system was observed 
salinity data and also in the dissolved oxygen data. 
dissolved oxygen concentrations were always lower than 
concentrations. This occurred because the dissolved 
removed from the lower layer by benthic demand was 
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continuously replaced when the system was stratified, since there 
was very .little exchange between reaerated upper layer water and 
lower·lay~r water~ · · 

Based on dissolved oxygen concentrations in East Bay, lo~ 
dissolved oxygen concentrations occur during critical periods 
(high temperatures, low river inflow) even in the bays that do 
not directly receive point source waste discharges. 
consequently, due to naturally poor circulation in-the Pensacola 
Bay system, the assimilative capacity of the system with respect 
to oxygen resources should be extremely limited. 

Biochemical Oxygen Demand 

Introduction 

Biochemical Oxygen Demand (BOD) is the amount of oxygen used 
by bacteria while stabilizing biologically degradable material 
(Sawyer, 1960). As such, it is a reasonably good measure of 
materials available for biochemical stabilization, as well as an 
indicator of the oxygen demanding capacity of an aqueous system. 

The oxygen demand of polluted waters is exerted by three 
classes of materials (Std. Methods, 1965): (1) carbonaceous 
organic material available as a food for microorganisms; (2) 
nitrogenous material susceptible to microbial oxidation; (3) 
chemical agents susceptible to chemical oxidation, which belong 
in the category of Chemical Oxygen Demand. It is generally 
assumed in the analysis of long-term BOD results that there are 
two distinct stages in the BOD process; the utilization of 
carbonaceous material by saprophytic bacteria, followed by 
oxidation of nitrogenous material by nitrifying bacteria (Sawyer, 
1960; EPA, 1971). The reproductive rate of the nitrifying 
bacteria at 20°c is slow enough that a minimum of 5 to 10 days is 
usually required to establish a sufficient population to exert an 
appreciable oxygen demand. This is the basis for the sequential 
carbonaceous and nitrogenous demands. 

Florida Department of Environmental Regulation (FDER) 
criteria do not give specific limits for BOD in estuaries. They 
state that BOD in Class II or Class III waters shall not be high 
enough to cause D.o. (dissolved oxygen) concentrations to be 
depressed below 4.0 mg/1 (Florida Administrative Code, 1973). 

There are drawbacks to the BOD test. The conditions under 
which the BOD test is done in the laboratory are not 
representative of conditions in the natural environment. Samples 
are incubat~d in the dark and algae in the water die off soon 
after incubation, exerting an oxygen demand as they decompose. 
Large amounts of algae can significantly affect the BOD results. 
On the other hand,. substances which are toxic to bacteria 
suppress BOD. This interference is particularly serious in five
day BOD because there is not enough time for tolerant organisms 
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to become established. Thus, ultimate BOD is preferable to 
short-term BOD in assessing BOD levels in an aquatic system. 

Results and Discussion 

Mean ultimate BOD values (Lu) during tne 1974 study period 
were slightly lower in Escambia River than in Escambia Bay 
(Figure ·a-39 and Table 8-23). The mean ultimate BOD at Station 
EGLY, near Air Products and American Cyanamid, was 4.0 mg/1 
higher than mean ultimate BOD at Station ER10 in Escambia River. 
Mean ultimate BOD arid rate constants (kc and kn) generally 
decreased in a seaward direction from Station EGLY to Station 
ERPB. 

In order to determine if BOD values and rate constants were 
influenced by die-off of algae in the BOD bottles, a correlation 
was run between chlorophyll a concentrations in all surface water 
samples in the 1974 water quality studies and ultimate and five-
day · BOD in the same samples. Very little correlation was found 
between any type of BOD· and chlorophyll a. There was no 
correlation at all with ultimate _BOD (Lc+Ln), and only a 
correlation of 0.36 with ultimate carbonaceous BOD (Le). The 
correlation of chlorophyll a with five-day BOD was only 0.27. 
Thus, even though many of the patterns observed in these BOD 
studies were typical of the influence of algae die-off, no 
correlation could be seen using chlorophyll! as the· indicator. 
some of the~e patterns are discussed further in this section. 

Mean five-day BOD values in Escambia Bay in 1974 were all 
quite low (Table 8-24). The overall average for the study period 
was 1.4 mg/1. Only during one water quality study (May 29, 1974) 
did the mean five-day BOD exceed 2.0 mg/1. During two studies, 
it wa~ less than 1.0 mg/1 (March 5 and April 16, 1974). The 
overall average of 1.4 mg/1 was very close to t~e overall 1973 
five-day BOO average of 1.8 mg/1. 

The data in Table 8-24 and Appendix 8-19 did not reveal ~ny 
definite patterns in mean ultimate or five-day BOD by .month or 
season. One striking pattern was the unusually high kc values 
during the August 1974 water quality study. This probably can be 
attributed to increased algae populations in August. The die-off 
of algae in the BOD bottles cpuld cause this initial rapid 
depletion of oxygen. 

A comparison of ultimate and five-day BOD with dissolved 
oxygen values does not explain variations in dissolved oxygen 
concentrations during the 1974 study period (Figure 8-40). Large 
decreases in dissolved oxygen values are not accompanied by large 
·increases in BOD. This indicates that BOD is not the controlling 
·factor· in monthly dissolved oxygen variations in Escambia Bay. 
Other factors involved in dissolved oxygen fluctuations are 
discussed in .the dissolved oxygen section. 
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Table 8 - 23, Mean ultimate biochemical oxygen demand data for Fscambia Bay 
stilttons during January through September, 1974, 

Sta tiou 

ER10 - s 
ER10 - B 

EGLY - s 
EGLY - B 

EKl'IP - s 
EKi1P - B 

ENNB - s 
ENNB - B 

ERPB - s 
ERPB - B 

Lu 
(mq/1) 

5,6 
5,9 

.8.0 
11. 5 

10. 1 
6.5 

12. 1 
.6.8 

U • 4 
8.s 

C. 31 C 
C. 31 3 

0,224 
C'. 1 3 C 

(). 173 
(I. 158 

(),147 
r.,. 118 

0.153 
o.108 

---------------------------------
note: 
Le= ultimate carhonaceous BOD 
Ln = ultimate nit.roqenous BOD 
Lu= ultimate BOD (Lc+Ln) 
kc= carbonaceous rate constant 
kn - nitroqenous rate constant 

o,og0 
'). cu I) 

a. 11 s 
0.076 

I). 08 1 
0.087 

0.012 
0.055 

0. 13 7 
0.065 

Le 
(rnq/11 

3. 1 
2.7 

4.4 
7. 9 

3. 3 
5,0 

s.o 
4. 1 

4.0 
4. 3 

Ln 
(mg/1) 

2,9 
3,9 

3. 6 
4,-o 

6.8 
3. 1 

7 • 1 
3. 5 

3. 2 
7,0 

tn 
(days) 

24 
22 

23 
21' 

24 
20 

24 
22 

23 
22 

BOD 
(mq/11 

C,9 

1, 8 

1 • 4 

, • 4 

,. 3 

-------------------------------------

tn = time at which nitrogenous stage begins 
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Table 8 - 24. Mean biochP.mical oxygen demand data at, Escambia flay stations dudng January 
through Sept.ember, 197 4, 

-------------------------------------------------------------------------------
Date Flo11• Lu kc kn Le Ln BOD tn 

(m 3 /sec) (mg/1) (day·~11 (da Y•1 l (mg/1) (mg/1) (mg/1) (days) 

-------------------------------------------------------------------------------
1/23/74 3 33 7.7 Q. 136 0.085 4. ,') 3. 7 1,8 27 

2/12/74 737 7.5 0. 195 O,'J25 2. 3 5.2 1. 2 18 

31,05/74 2 26 6,6 C, 048 o .• 055 4,7 1. 9 0.8 23 

3/27/H 20 3 6. 1 c-. 333 0,077 1. 7 4, 4 1. 1 14 

4/16/74 506 11. 9 0,061 0, 163 5,7 6. 2 0,9 23 

5/07/74 114 6. 1 O'-. 114 0,1)62 3. 5 2.6 1. 1 27 

5/29/74 178 6. 1 0. 224 I). 133 3.9 2.2 2,5 19 

6/18/7 4 1 26 8. 5 G. 108 0.067 4.5 4.0 1. 8 27 

7/09/74 71 8, 1 ';, 065 0. 1'19 4,4 3.7 1.2 27 

7/30/74 6~ 8,3 o. 058 0. 124 5.8 2. 5 1, 4 27 

8/20/74 147 5,6 0,743 0. 078 2. 4 3. 2 1. 5 16 

9/11/74 784 16.5 C. 057 0,051 10, 1 6,4 1, C 22 

·avg. 1974 8. 3 'J. 177 0. 10 3 4.4 3.9 , • 4 22 

April 1973 5.7 r. 011 0,6 

August 1973 111 • 5 0. 3G4 0.047 4.0 6,4 2,9 15 

-----------------------------------------------------------------------------
note: 
• Total effective flow into Escambia 9ay, 
Le= ultimate carbonaceous BOD 
Ln = ultimate nitrogenous BOD 
Lu ultimate BOD (Lc+Ln) 
kc= carbouaceous rate constant 
kn - nitrogenous rate constant 
tn time at 11hich nitrogenous stage begins 
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Some examples of typical long-term BOD curves are shown in 
Figure 8-41. The sequential carbonaceous and nitrogenous phases 
can be seen in each of these curves, as well as tn, which shows 
the breaking point between the two phases. The typical pattern 
is that there is a rapid initial rise in oxygen depletion, 
followed by a flattening out as available carbonaceous material 
is stabilized. There is usually not such a rapid initial rise ~n 
the nitrogenous phase, and this is reflected in the k values. 
The point where the flattening out occurs in each phase is the 
ultimate BOD. 

Ultimate BOD was determined on two stations in Choctawhatchee 
Bay during the September 12, 1974 water quality study. Station 
ZIMY, near the eastern freshwater end of the bay, had higher 
surface and bottom ultimate BOD and kc values than Station YNKF 
at the western saltwater end (Figure 8-42 and Table 8-25). This 
was the same pattern seen in Escambia Bay. Station ZIMY had a 
five-day BOD that was more than twice the five-day BOD at station 
YNKF. Two stations do not provide sufficient information to 
generalize about the whole bay, but if ultimate BOD at Station 
ZIMY is typical of a significant portion of Choctawhatchee Bay, 
then there was a BOD problem in September 1974. 

Mean ultimate BOD, rate constants, and five-day BOD were 
considerably lower during the April 1973 water quality study than 
the August 1973 study (Tables 8-26 and 8-27) • There were no 
nitrogenous phases to any of the four samples on which BOD was 
analyzed during the April study. The average ultimate BOD in 
August was about twice the average in April, and the average kc 
value in August was about 30 times the average kc in April. This 
again could reflect the presence of algae in ~ugust, which affect 
the BOD and kc values by die-off in the BOD bottles. No obvious 
upper to lower bay pattern could be seen in either study for 
ultimate BOD or rate constants. Escambia River ultimate BOD in 
both months was less than in Escambia Bay (Figures 8-43 and 8-
44) . 

In summary, mean ultimate BOD and rate constants did not 
differ greatly between 1973 and 1974. There was no indication of 
either deteriorating or improving conditions in Escambia Bay with 
respect to BOD in 1974. It is possible that much of the BOD 
observed in this study was due to algae die-off in the BOD 
bottles, but this cannot be substantiated by correlations of 
chlorophyll~ and BOD. 

No definite indication of excessive BOD levels in Escambia 
Bay in 1974 was observed in this study. A summary of 1974 BOD 
data by station and date is presented in Appendix 8-19. 
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Table 8 - 25. Ultimate biochemical oxygen demand data for Choctawhatchee. Bay on 
September 12, 1974. 

----------------------------
Station Lu Le Ln kc kn tn 

(mg/1) (mg/1) (mg/1) (da y~-1) (day,,1 ) (days) 

-------------------------------------- --------------
ZHIY - s 6.2 2.0 4.2 0.814 0.026 

Zil'!Y - B 13.6 2.3 1 1 • 3 0. 149 0.0!)5 

YNKF - s 5.2 2.6 2.6 0.146 0.055 

YNKF - B 1. 8 0.9 0.9 0. 121 0.253 

--------------------------------------------------------

fiu,, a, 11£ IICO 

... 
e '•••Du•• l•••I••• ...... , ........... . 
'! ~::7,:.°";~:·--
, ........ -.. .. 

Figure 8-42. Ultimate BOD (mg/1) values in cnoctawhatchee Bay on 
September 12, 1974. 
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Table 8 - 2~. Ultimate hiochHrnical oxygen demand data for ~scambia Ray 
statior.s rlurinq April, 1973 diel wat0r quality surv?.y~,. 

---------------------------------------------------------------------
Station Da t(~ ':"ide Le 

(mg /1) 
GOD 

(mg/1) 

----------------------------------- ---------------------------------
ERF - s 4/19 /7 3 Tropic 
ERH - ~ 4/19 /7 3 Tropic 

EFLU - s l!/19/7-1 "'r:opic 
BFLU - ii u / 19 /7 3 Tropic 

':K~P - s 4/ 19 /7 3 "ropic 
EKMP - B 4/19/73 Tropic 

EHPB - s 4/19/73 Tropic 
£gpl) - B 4/ 19 /7 3 Tropic 

average 

note: 
Le= ultimate carbonaceous ron 
kc= carbonaceous rate constan~ 

4.8 '1 •. :, 1 2 
3. 8 (\ • '} ~ 8 '· 

5, 4 ~j ~'."'a 
"J • \. • J 

5.2 ,J.!)1·~ 

- r:; n • -- :).~10 
5.9 ·~'! 0 11 

9, 5 ,).0(:1 
u.4 o.~,1 

~. 7 Cl. 0 11 

Table 8 - 27, Ultimate biochemical oxygen demand data for <:scambia !lay stations :lui::ing 
Auqust, 1973 water quality surveys, 

Station Date Tide Lu kc kn Le Ln tn 
(mq/1) (d;iy-1) (day -ll (mg/1) (mg/1) (days) 

---------------------------------------------------------------------------
ER10 - s 8/16/73 Equatorial 4,5 0,403 C, 146 2,8 1, 7 
ER10 - B 8/16/73 Equatorial 9. 2 o. 417 C,041 2.5 6,7 22 

ER1,) - s 8/23/73 Tropic 9. 'i 0,545 o. 1)1 ') 1. 9 7.6 6 
ER10 - B 8/23/73 Tropic 6,6 o. 382 0,017 1, 7 11.9 12 

EI11E - s 8/16/73 Equatorial 11 • ') 0, 273 (1,032 5.2 5,8 16 
EIHE - B 8/16/73 Equa toria 1 15, 1 G,249 O,C17 4,0 11 • 1 11 

EIHE - s 8/23/73 Tropic 11, 4 C,179 0,097 
Eil1E - B 8/23/73 Tropic 12,7 0, 180 0,1)46 6. 1 6.6 14 

EKl'I? - s 8/16/73 !::quatorial 17. 1 C,310 0,009 5.5 11,6 16 
EKHP - B 8/16/73 Equatorial 1 I). 1 o. 422 0,036 2,5 7.6 9 

El'IQC - s 8/16/73 Equatorial 14.3 0,476 0.011) 3.9 10.11 5 
EHQC - B 8/16/73 Equatorial 9.8 0. 141 0,039 5,6 4. 2 22 

ERPB - s 8/1.6/7 3 Equatorial 8_. 4 c. 320 0.028 4,11 u.o 9 
ERPB - B El/16/73 Equatorial 8.3 o. 129 0, 1)91) 5.6 2.7 30 

ETLO - s 8/16/73 Equatorial 11. 8 0,323 0,01U 4. II 7.4 12 
ETLQ - B 8/16/73 Equatorial 7,5 c. 118 0. 113 4,2 3. 2 29 

average 10. 5 C,304 0,01!7 4,0 6,4 15 

BOD 
(mg/1) 

---
3. 6 
2.2 

1, 8 
1. 11 

3. 8 
2,8 

3.9 
3. 5 

4,2 
2,3 

3.6 
2. 8 

3,U 
2,8 

3.6 
2.0 

3, 0 

--------------------------------------------------------------------------------
note: 
Le ultimate carbonaceous ROD 
Ln ultimate nitroqenous BOD 
Lu = ultimate BOD (Lc+Ln) 
kc = carbonaceous rate constant 
kn nitrogenous rate constant 
tn time at which nitrogenous stage begins 
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TOTAL AND FECAL COLIFORM BACTERIA 

Introduction 

Coliform bacteria have traditionally been used as indicators 
of the potential presence of enteric pathogens and the degree of 
fecal pollution of a body of water. Although no correlation of 
pathogen densities to coliform densities can be made for general 
use, adherence to the coliform standards set for potable water, 
recreational water, and shellfish harvesting has ·contributed to a 
reduction in the incidence of diseases due specifically to water 
borne enteric pathogens. 

The coliform group occurs in the intestinal tract of warm
blooded animals and are the most numerous group of bacteria found 
in human excreta. Several bacterial genera with similar 
biochemical properties comprise the coliform group. Some members 
of the coliform group occur naturally outside the intestinal 
tract, a fact that has resulted in the criticism of the total 
coliform group as indicators of fecal pollution. 

Much of the criticism of the coliform group was overcome with 
the development of the fecal coliform test. The fecal coliform 
group represents that portion of the coliform group most 
representative of indicating fecal pollution, and is presently 
the most reliable indicator of fecal contamination. 

Enumeration of both total and fecal coliforms in this study 
was conducted to determine compliance with water quality 
standards using both groups, and· also to monitor bacterial 
contamination that resulted from sources other than warm-blooded 
animals. 

Results 

Coliform surveys of Shellfish Waters 

A summary of the bacteriological data for shellfish gro~ing 
area number 32 during the 1970-71 and 1971-.72 harvesting season 
is presented in Tables 8-28 and 8-29. Station locations are 
shown in Figure 8-45, (State of Florida, Department of Health and 
Rehabilitative Services, Bureau of Sanitary Engineering, 

" Pensacola, Florida, Unpublished Data). 

Water samples analyzed for the 1970-71 harvesting season were 
collected from October 1970 through May 1971. Median coliform 
densities for these eight monthly samples ranged from 6 to 
>1300/100 ml. The median coliform shellfish standard of 70/100 
ml was exceeded at Stations 58, 61, and 90 in the area open to 
oyster harvesting. The highest fecal coliform median densities 
during the 1970-71 season were 109 and 130/100 ml. These 
densities were for Stations 93, and 95, ·respectively, both 
located outside the area open to oyster harvesting. 
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Cate 
Sta. 

60 
63 
67 
71 
74 
58 
61 
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68 
79 
6(1 
82 
83 
ea 
90 
91 
93 
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table 8 - 28. r:,tal and cecal colifor11 :lata (densities per 1~1) 111) for oyster harvesting AC'eJ. 32 during the 1970-1971 se~soo. 

----------------------------------------------------------------------------------------------------
Cate 1'J/14/7C 11/C9/70 11/30/70 01/11/71 )l/jil/71 )Q/12/71 ~5/17171 ')5/25/71 110:lian 
Sta. Tot. Fee. Tot. l'ec. Tot. Fee. 1"ot.. Pee. Tot. f.Jc. T:,t. Fe:. Tot. Fee. T:>t. Fae. Tot. Fee. 

----------- ---------------------------------,----------------------------------------------------------------------
60 3lld. <2. <2. <2. 349. ll9 0 918. A. 16 )9. 91 s. 3ll 8. <2. 5Q2. <2. 348. ll, 
63 918. <2. 2. <2. )2Q)J. Jij. 221. 2. 5112. 2ll0. 2QO. <2. 5112. 79, 390, 2, 
67 119. <2. 5. <2. >211)0. 16~9. >2ll0':. <2. 79. 13. Jj. <2. 1,. Q90. 6ll. <2. 
71 2. 2. <2. 2. 5ll2. 2QO. ~112. 2. >2llJO. 5112. ll9. <2. 11. <2. SJ, 2, 
74 <2. <2. <2. <2. )24 )1. >21110. 16H, <2. ~9. d. 200. <2. B. 2. 64, <2, 

. 58 ll9 0 <2. <2 • < 2. >211)0. ll. lo~L 8. ~1s. 5,.,2. 918. 22. <2. 918. 6, 
61 91~. ll, <2. <2. 5Q2, 7, 13·). 5. >200 0. 2 ,, o. JJ. 2. <2. 130. 5. 
64 2ll0. 4. 2. <2. ll9. 13. 22. 2. 542. 79. 2 3. 2. <2. 23. l, 
68 918, ll, 5. <2. <2. <2. 79. <2. Jllb. 79. 33. <2. <2. 33. <2. 
79 <2. <2. 2. <2. 1n. <2. 2:i, <2. Jll8. B. 23, <2. 7. 2. 15, <2. 
80 <2. <2. <2. <2. 7Y. 2. 23. <2. 211·;, 2 3. 33. <2. <2. 23, <2, 
82 d, <~. 6. <2. <2. <2. ~- <2. 49. .:2. 23 • 2. G. 6. <2. 
83 >240 J. 26, 5. <2. 2110. 2, 22. d, 348, 2 3. 2. <2. <2. 22. s. 
86 211~. 2. "· <2. 2J. <2. 1 J·J. <2. 7·J. "9. 2. <Z. 2. 23, 2 
88 2ll), 2 9, <2. 5, <2. n. <2. 3118, s. 5, ll, 2. 9. <2, 
90 >2 40). 7. 2 3. <2. >211)0. 2ll0, >24j(. 2. 348. 13C, B. s. 33, 2111, s. 
91 918. 27. 1 J. 2. 16?9. 16J9. 5112. Ji. a. 2110. 2. 5. 391. 27. 
93 918, 109. 23, 5, >2ll)J. >2uJO. 2111. 1 JO, 16J9. <2. 6. 579. 109. 
94 1603. 1ll, 13, <2. 348. 2, 24), 241. >2ll0(', s. ll90. 519. a. 
95 >211(;). 79. 25. s. >211~C, 240. Jllti. 130. >2400. 221. 13). >1JOJ. 13', 
96 16J9, 5112, l3, 8, >24~·), 2J, ill c, ll9. 1&09. 79. 790. >1100. 49. 

----------------------------------------------------------------------------------------------------------------------------
State of floridd, Depdr to.eo t of Health·aod Rehabilative Service$, uopui>lisbed data, 

il - 2 ~. !:>tdl a.n a (eca l col ifoL·m ja t.1 ( Jen :;it il;!s fl<:!r 

C'l/13/71 
Tot. Fc-c. 

11, 6. 
49, 2J. 

13:. 13. 
14, <2. 
5. <2. 

UL <2. 
<2. <2. 
<.!. <2. 

2. <2. 
5. <2. 

<2. <2. 
<2. <2. 

35). I:,, 

2~. <2. 
111, <2. 

35), <2. 
79. <2. 

J5j, <2. 
54). 2. 
35). b. 

1::\/11/71 
Tot. f;,c, 

119. <2. 
ti, < 2. 

35..:. < 2. 
<2. <2. 
33. < 2. 

2. <2. 
<2. < 2, 

2. < 2. 
<2. <2. 
<2. <2. 
<2. <2. 
<~. < 2. 

5~(. <2. 
7S. "· 211:, <2. 

su-J. <2. 
>24~(. <2. 

160C. < 2. 
>2110:. <2. 
>.2ilOC. <2. 

12/13/71 
t·.1t. r'~c. 

92J. <2. 
119. <2. 

92). <2. 
49, ('> 

d. <2. 
119. <-, 

54S•. < 2. 
49. <2. 

13:-. <L, 
<2. <2. 

2. ('' "-• 
7, <.!, 

13-), <2. 
7-J. <2. 

211J. <2. 
13), <2. 

16),;. <2. 
1 Ji'). <2. 

7Y. <2. 
2!1). <2. 

.:1;1 :/72 
Tot. ?,~c. 

(,c. <2. 
<2. <2. 
<2. <2. 

2. <2. 
ug. 5. 

2u :·. 79, 
>24-~,. 79. 

7 9. 1 Ii. 
s. <2. 

Jlj : .• 7-J. 
1 J. <:t. 

2tJ .". 3 3. 
S2:, 2 2. 
92,:. 35 0. 

16:1 J. )5-j. 

J5:. 13~. 

1 :- ) mll r or oyster harvesting 

02/14/77 
rot. Fee,· 

16JJ. 7 '9. 
5q,:,. 33, 
~ 2~. 33, 

16 J ('. 13C·. 
54':. 5, 
5ll:. 27. 

33. f>, 
15 )(. J". 

35 ), 2 3. 
24 c. <2. 
13:. ('' Lo 

ZIIC, 2. 
10,J, 1 .l C. 

13,. < 2. 
1 r; j }. 7Y. 
1 t,():. 79, 

> 24 '.' ~. 3 J. 
92~. 2 3. 

>211'.'c. 27. 
>2!1·):. 2 3, 

02/28/72 
T::>t.. Fa=• 

92~. 2ij!), 

16-~ ~·. a. 
24 :- • 33. 

79, 49, 
23. 5. 

511 ·:. 5. 
8. a. 

13, 2. 
33. (2. 

1 3 ,) • 22. 
>2110·}, JJ. 92,. 49. 

16~ o. 5~':'. 
92 .J. a. 

>24,)C, 24'.), 
>211: :. 2110. 

~rei 32 during 

')Ul0/72 
rot. Fee. 

33. <2. 
<2. <2. 
23. <2. 
B. 5. 

2UJ, <:.!. 
33. <2, 

H,j). 2 3, 

the 1371-1972 se:1.son, 

lledian 
r:>t, F?::. 

4811. II, 
Li9. Ii, 

295. 6. 
31 • <2. 
28, 3. 

11111. 3. 
20. II• 
31. <2. 
21. <2. 
3. <2. 

<2. <2. 
II. <2. 

4115, u. 
79. <2. 

2110. <2. 
35~. <2. 

16 )O. 5. 
920. <.2. 

16:)~, 2. 
1600. 23. 

State of tlorida, Dept, of ~edltb anJ l~b~bilitdtive Servi=es - ~npublished ddta, 



During the 1971-72 harvesting season, (a total of seven 
sampling periods from September 1971 through April 1972) total 
coliform densities exceeded the median coliform shellfish 
standard at four stations out of ten within the harvesting area. 
These four stations, 58, 83, 88, and 90, were on the outer 
borders of the oyster beds. The median total coliform density 
ranged from <2 to 1600/100 ml for- -all stations,, -including those· -
not in the harvesting area.· - The highest mean fecal coliform. 
density was 23/100 ml for Station 96, located outside the area 
open to oyster. harvesting~ 

,._ -.: £oliform :_survey ~ 197~ 
\ 

In 1973, twenty-six· stations, were sampled (Figure 8-45). 
Twelve of the eight~en Escambia _Bay stations were sampled only 

-.one time in December· 1973. No significance can be placed on 
these densities, since they are based on a single sampling period 
and· are higher thari mean densities obtained over an extended 
period. Most of the total coliform densitiesat the Escambia Bay 
stations in December · 197 3 were. above 10001·100 m).. and all -fecal 
coliform densities but ;one were greater than 200/100 ml for that 
same period - (Table 8-30) •. The East Bay Station, A.JFD, had low 
tot~l and fecal coliform den~ities-for this sample period. One 
of ·the three East· Bay stations was sampled twice. The other 

·- stations were sampled at four-hour intervals during two opposing 
-~idal cycles in April and in August 1973. All of the samples 
analyzed were surface samples. 

_ During these studies total coliform densities·. for all but two 
statio'ns (EEKV and EFLU) were below a geometric mean of 1000/100 
ml~ (Table 8-30). Geometric mean densities of 1140 and 1170/100 
ml at these respective stations in upper _Escambia- Bay slightly 
exceeded the Class III standard. Total coliform densities at 
Escambia River. Stat~on E~10, · also in Class III waters, exceeded 
2400/100 ml, the.maximum permissible for any day. Total coliform 
densit'ies at.· thiff station complied with a geometric mean of 
575/100 ml for the year. The other.stations in Class III waters, 
·PIVP, PJPD, PPJV, and PQJQ, are west of the Highway 9·a Pensacpla 

. Bay bridge. · Total and .fecal coliform densities at all of these 
stations complied with th~ Class III standard, including PJPD, 
the_-. station at the mouth of -Bayou Chico. The bayou formerly 
rec~ived industrial effluent and the station was also located in 

-an · ;area not too distant from the Pensacola Main Street sewage 
Treatment Plant outfall • 

. -
All of the.remaining stations sampled in 1973 were located in 

Escambia Bay· _and East Bay in. Clas.s :rr .. w.aters. for _she_llfi.sh 
harvesting. Total coliform densities at East Bay station A.KAA. 
complied with the median of 70/100 ml as stated in the shellfish 
standards. The standard was exceeded at Station ~DGV, with a 
median density of 77/100 ml, and densities greater than 230/100 
ml in 50 percent of the samples. Of the four remaining stations, 
only EMQC was within the area classified as Class II waters not 
closed to oyster harvesting. The total coliform density at this 
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table 8 - 30. Summary of tbe total and fecal coli£orm data (densities per 100 ml) for tha Pansacola 
Bay system during 1973. 

---------- .--------------

No. of 
Station sam~les Maximum 

AJFDA 
ECGMA 
EDil'A 
EEDRA 
.EEEIU, 
EEHFA 
EEI XA 
EGLYA 
EHGDA 

CX> .EHP KA 
I EIIlA 

" °' EIKCA 
EKLi,JA 
.EEKVA 
.EFL ll A 
.EKMPA 
El'IQCA 
EPL.P A 
ERP EA 
ADGVA 
AKAA/\ 
fIVi'.11 
PJPDA 
FPJVA 
PQJQA 
ER10A 

2 
.1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
9 
8 

17 
15 

8 
7 

14 
13 
15 
14 

6 
iJ 

16 

5 
J4d0 
3480 
2400 
920( 
542J 
3480 
22F 
.3480 

920 
160; 
3480 

542 
278.) 
221::' 
16J') 

92'; 
542 
92·:. 
34 i3 
348 

1 09•: 
240 ,;c 

94 
34 d 

34~V 

Total Coliform/ 100 ml. 

Arithmetic 3eometric 
Minimum Mean Mean 

4 
3480 
348) 
2400 
9200 
542'J 
3480 
221:i 
348) 

92C 
1600 
348:) 

542 
130 
542 
240 

9 
14 

221 
5 
4 
2 
2 

49 
2 
7 

5 
34 3,J 
343') 
24 0:) 
9 2 ,j G 
5420 
3480 
2210 
3480 

(32') 

1600 
34 80 

542 
1 i.p~q 
134d 

6 72 
282 
127 · · 
55·1 
11 'J 

61 
149 
754 

12 
94 

1134 

I~ 

3480 
3;~8·: 
240J 
9200 
542J 
348-J 
221,} 
31rno 

920 
1600 
34d'.) 

542 
1140 
1173 

590 
141 

71 
497 

75 
24 
2 ') 

21 ~· 
69 
36 

575 

Maximum 

2 
542 
542 

160J 
2210 

7'JO 
920 
92J 
348 
131 
348 
348 
240 
240 
130 
348 

79 
d 

5·) 

1J 
49 
79 

460 
23 
49 

2400 

/ 
Fecal Coliform/ 1OJ ml. 

Arithmetic Geo~etric 
Minimum Mean Mean 

2 
54.2 
542 

1600 
2210 

700 
920 
920 
348 
130 
)i'8 

348 
240 

2 
33 

2 
2 
2 

27 
2 
2 
2 
2 
5 
2 
2 

2 
542 
542 

15 :> :J 
2210 

7 (') 
920 
920 
348 
130 
348 
348 
240 

55 
76 
92 
24 

:, 
39 

5 
7 

21 
101 

13 
10 

212 

2 
542 
542 

1600 
2210 

70'.) 
920 
920 
348 
130 
348 
348 
240 

23 
7J 
42 
11) 

4 
38 

:, 
4 
8 

35 
11 

4 
62 



station exceeded the standard, with a median density of 260/100 
ml and densities greater than 230/100 ml in 63 percent of the 
samples. Stations EKMP and ERPB are channel stations which were 
on the boundary of the area closed to oyster harvesting. Total 
coliform densities at these stations violated the standard for 
Class II waters, but complied with the Class III standard. 
Station EPLP, in the vicinity of the Northeast Sewage Treatment 
Plant outfall on the west side of Escambia Bay, was in the 
portion_ of the .bay closed to harvesting oysters. Total coliform 
densities at this station were less than the median of 70/100 ml 
for Class II waters, but exceeded the 230/100 ml maximum in 13 
percent of the samples analyzed during 1973. 

( . . 

The geometric mean fecal.coliform densj_ties were less than 
70/100 ml for -these same• stations. This was well below the 
Florida Standard of 200/100 ml specified for Class III waters 
used for body coritact recreation. The ~eometric mean fecal 
coliform density for Station EMQC in the oyster harvesting area 
was 10/100 ml. 

Coliform survey - 1974 

Escambia Bay Study 

Total and fecal coliform analyses were conducted on surface 
and bottom water samples at.eleven stations in 1974 (Figure 8-
45) • These stations were sampled a tot·a1 of 12 times from 
January through September 1974. During this sampling periqd, 
only the surface and bottom water samples of the Escambia River 
Station ER10 and the surface sample of the Blackwater River 
station BFEI exceeded the geometric mean total coliform standard 
for Class III water (Table 8-31). Bottom samples from Stations 
EGLY and PEUE, also in Class III water, met the total coliform 
standard of 1,000/100 ml. The surface samples of these stations 
exceeded the· maximum of 2,400/100 ml allowed for any day. 

All of the remaining stations were locate1 in Class II waters 
but only EMQC in Escambia Bay and AGJI · in E_ast Bay were within 
the area open to oyster harvesting. Total coliform densities at 
both of these stations complied with the shellfish standard. 

Stations 1EKMP, ENNB, ERPB, and BNGA were on the boundary of 
areas closed to oys_ter harvesting in class II waters. Both the 
surface and . bottom densitie·s at· Station B~GA, and the surface. 
samples of EKMP, ENNB, and ERPB were greater than the 230/100 ml 
total coli forms in mor.e than ·10 percent of the samples • Total 
coliform densities for bottom-samples at· EKMP, ENNB, and ERPB 
complied with the Class II standard. At Station EPLP on the west 
side of Escambia Bay, total coliform densities exceeded the 
standard in the bottom sample with a median density of 89/100 ml, 
but complied with a median density of 70/100 ml in the surface 

·sample. 
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Table 8 - 3 1. Summary of the total and fecal coliform data (delis it ies per- 100 ml) for the Pe.nsacola 
Bay system during 19 74 • 

----------------- ------------------------------------------------------------------------------
Total Coliform I 100 ml. Fecal Colif:>rm·. / 10) ·ml._. 

------------------------------------- --------------------------------------
No. of Arithmetic Geometric Arithmetic Geometric 

Station samples Maxim um Minimum Mean · Mean Maximum Minimum Mean · Mean 
. . -----------------------------------------. ----------------------------------------------- --

' ER10A 12 9200 348 1978 1184 54 20 23 669 157 
ER lOE 12 16 000 172 38C7 1566 2210 46. · 468 19 4 
EGL YA 12 348{) 14 944 322 700 2 157 22 
EGLYE 12 2400 6 4 72 85 1090 2 131 11 
EKfHA 12 3480 46 728 357 542 2 116 31 

0) EKMPE 12 2400 4 245 37 240 2 25 5 
I EMQCA 11 1600 5 329 65 172 2 31 8 ...., 

(X) EMQCE 11 79 2 35 23 23 2 4 2 
ENN BA 12 3480 4 530 98 920 ,2 135 15 
ENNBZ 12 109 2 26 13 33 2 6 3 
EPLPA 12 1720 5 365 91$ 348 2 53 13 
:EPLPB 12 5420 4 540 62 348 2 36 6 
ERP BA 12 1600 2 373 48 348 2 45 9 
ERPBE 12 79 2 15 8 13 2 3 3 
PEUEA 9 5421) 79 2125 833 1410 2 301 67 
PEUEB 9 1720 79 600 389 542 13 108 59 
BFEIA 5 5420 920 2226 16 93 542 33 300 162 
EFEIE 5 16000 49 3287 240 172 2 If 9 18 
ENGAA 12 9200 49 1852 794 542 5 222 74 
fNGAE 12 9200 15 1434 194 920 2 n3 12 
AGJIA 12 630 2 112 17 94 2 21 6 
AGJIE 12 460 2 44 6 109 2 11 3 



Fecal coliform analyses of these same stations during 1974 
revealed fecal coliform densities at some. stations exceeded 
800/100 ml, the maximum allowed in Florida for Class III waters. 
These:violations included the surface and bottom water samples 
from the Escambia River Station ER10, the bottom sample of 
_Station, EGLY in upper Escambia Bay, and the surface sample of 
Station P.E;UE _ in Bayou Texar, a;q in Class ;III waters. The 
surface sample of Station· ENNB · in E·scii!llpia-. Bay· _·and _the bottom 
sample of Station.BNGA in Blackwater Bay (both in Class II ~aters 
near the· boundary of waters closed to oyster harvesting) , also 
had fecal coliform densities greater than 800i100.' ml. . 

The Class III standard for maximum. dai_ly permissible fecal 
coliform density was exceeded at these stations; ho1,1ever, during 
1974, the mean fecal coliform densities did not exceed the 
recommended monthly geometric mean of 200/100 ml for contact 
recreation. 

Fecal coliform d~nsities were very low at stations EMQC and 
AGJI in Class II waters opened to oyster harvesting. The highest 
geometric mean density being 8/100 ml, was found for the surface 
samples of station EMQC. The surface samples of station AGJI had 
a geometric mean density less than 6/100 ml and the bottom 
samples for both stations 1,1ere 3/100 ml. 

Pensacola Bay stud~ 

Total and fecal coliform analyses of surface and bottom water 
samples from six stations in Pensacola Bay were conducted for the 
University of west Florida during their 1974 study (Figure 8-45). 
The highest total coliform density was 24, 000/_lOO ml (Table 8-
32). This d~nsity was found fo~ one bottom sample ~t Station P04 
collected in Santa ~osa so~nd. The highest _fecal coliform 
density observed for bottom water at station P04 was 11/100 ml, 
the same water sample giving the high total coliform density. 
The highest total and fecal coliform densities observed from the 
surface samples at this station were 348/100 ml and 33/100 ml, 
respectively. 

A surface sample from Station P07 exceeded.the m~ximum total 
coliform den~ity permitted in the Florida Standard for Class- III 
waters (2400/100 ml). The maximum total coliform density of 
3480/100 ml and fecal coliform density of 240/100 .ml for this 
sample 1,1ere n_ext to the_ highest densities-~ observed for all 
stations sampled i-n Pensacola 13ay._ A ,geometric mean ·total 
coliform concentration of· 310/100 ml and the fecal coliform 
density of 42/100 ml for station P07 were the highest : mean 
densities observed for a11· the Pensacola Bay ~urface and bottom 
sa·mples~ 

The next highest geometric mean total and fecal coliform 
densities of 45/100 ml and 11/100 ml, respectively, were observe1 
at Station Pl 1 in Pensacola Bay. The highest fecal coliform 



Table 8 - 32. summary of total and fecal coliform data (densities per 100 ml) for Pensac:>la Bay 
durin:i 1974 (data from the University of west Florida). 

Total Coliform / 100 ml. Fecal Coliform I 10) ml, 

------------ ........... ----------------------- ------------------------------------
No, of Arithmetic Geometric Arithmetic Geometric 

Station samples Maximum llinimum !'lean !lean llaximum· l'linimuill !lean !lean 

--------------------- -----------------------------------------------------------. ' 

P-0 2A 11 920 2 1 uo 26, 79 2 15 6 
P-02E 11 1 J('I 2 JO 8 31 2 7 3 
P-0 4A 11 34 8 2 114 8 33 2 6 4 
P-0 l!E 11 211000 2 2186 8 11 2 3 2 
P-07A 11 3480 79 585 313 2li0 2 87 42 
P-07E 10 920 5 148 ll 7 79 2 15 -6 
P-08A 11 1090 2 120 22 9li 2 15 6 
P-08E 11 109 2 16 5 17 2 3 2 
P-11A 11 9:.!C, 5 175 45 348 2 1111 11 
P-11 E 11 3118 [j 113 14 17 2 II 3 
1?-13A 10 278 2 39 8 172 2 19 3 
1?-13E 10 49 2 12 1 23 2 5 4 

------------------------------------------------------------------------------------ -----------

density of 350/100 ml was observed in a surface sample collecte1 
from this station. 

Comparison of 1973-1974 Values 

The total coliform analyses of samples collected during 1973 
and 1974 in Escambia Bay and contiguous waters had total coliform 
densities ranging from <2/100 ml to 16,000/100 ml. This excluded 
the abnormally high density of 24,000/100 ml observed at Station 
P04 in Santa Rosa sound. one of the three high counts of 
16,~00/100 ml was from~ bottom water sample taken at Station 
ER1 O, the · Escambia River station, in January, 1974. The other 
two were observed in bottom water samples taken at Station ER10, 
the Escambia River Station, and BFEI, the Blackwater River 
Station, in September 1974 (Table 8-31). 

During the same two-year period, the highest fecal coliform 
densities, 5,420 and 2,210/100 ml were observed in January 1974 
at- the Escambia River Station ER10 in the surface and bottom 
water samples, respectively. In most instances, the stations 
having the highest fecal coliform densities corresponded to the 
·stations having the highest total coliform densities. 

Discussion 

The 
approved 
Florida 
included 

area of Escambia Bay classified as Class II waters and 
for shellfish harvesting by the Division of Health, 
Department of Health and Rehabilitative Services,· 

the eastern half from the barge channel to the eastern 
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shore, south of the L and N Railroad bridge and into the 
adjoining waters of East Bay (Figure 8-45). 

Most stations in the areas open to oyster harvesting meet the 
shellfish standards for bacteriological quality. The stations 
which did exceed the 70/100 ml median total coliform density in ' 
harvesting years 1970-1971 and 1971-1972 were located near the 
boundaries separating open and closed- areas. Unusually high 
counts, as was observed on February 14, 1972 (Table 8-29), ;.,ere 
attributed . to · periods of heavy rainfall. The effective flow of 
the Escambia Bay tributaries for this sampling date was 554 
m3 /sec (19,577 cfs) which is more than three times the average 
flow of 170 m3/sec (6,000 cfs) for the Escambia River at Century, 
Florida. 

No domestic waste effluents were known to be entering the bay 
in the area open to oyster harvesting. The only point source of 
domestic waste entering Escambia Bay was the Pensacola Northeast 
Sewage Treatment Plant which emptied secondary treated effluent 
into the west side of the bay. The Escambia Bay Recovery Study 
Station EPLP in the vicinity of this outfall complied ~ith the 
Florida Standard for Class II waters in 78 percent of the samples 
analyzed over the two-year sampling period during 1973-1974. 
This particular station was in Class II waters, but was not open 
to shellfish harve~ting. · 

Escambia Bay north of the L and N Railroad bridge 
Pensacola Bay west of a line from Emanuel Point to the south 
of the Highway 98 bridge at Gulf Br~eze are classified Class 
waters for recreation, ·propagation, and management of fish 
wildlife. 

and· 
end 
III 
and 

The geometric mean coliform densities obtained in this study 
complied with the class III standard at most of the bay stations. 
In 1973, total coliform densities at Stations EEKV and EFLU 
exceeded the geometric mean of 1,000 total coliforms per 100 ml.. 
These stations in the· northern end of Escambia B3y were 
influenced by tributaries which had higher coliform densities. 
This portion of the bay was also enriched by additional nutrients 
from the effluents of Air Products and Chemi"cals, Inc., and 
American Cyanamid company. The stations which exceeded the Class 
III ·standard\ most frequently were the tributary stations in 
Escambia River, Blackwater River, and Bayou Texar. Densities 
greater than 2,400 total coliforms per 100 ml were found in the 
channel stations of Escambia Bay and Blackwater Bay. 

Station· P04 in the University of West Florida, Pensacola Bay 
Study, is located in the center of Santa Rosa Sound at the bridge 
connecting Gulf Breeze and Pensacola Beach. The effluent from a 
small sewage treatment plant on Pensacola Beach enters Santa Rosa 
sound approximately 2.6 km (1.4 nautical miles) southeast of this 
station. Effluent from the Gulf Breeze sewage Treatment Plant 
enters Santa Rosa Sound about the same distance (2.2 km or 1.2 
nautical miles) northwest of the station. Although the effluent 
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from the treatment facilities enters Santa Rosa Sound in close 
proximity to the sample station, they were not-likely the cause 
of the 24,000/100 ml total coliform density observed. A remark 
on the bench card indicated there was settled sediment in the 
bottom of the sample bottle. The low fecal coliform density of 
·11/100 ml, which was observed for this same sample, would 
indicate the high total coliform density was due to sediment in 
the sample and not to treatment plant effluent-or animal waste. 
Total and fecal coliform densities at all ttie statio_ns sampled in 
Pensacola Bay complied· with the Class III water standard, · bu_t the 
mean densities for Stations P07 and P11 were noticeably higher 
than the other stations sampled. 

The highest geometric mean densities in Pensacola Bay were 
attributed to the effluent from the Pensacola Main Street Sewage 
Treatment Plant (Station P07). The geometric mean total coliform 
densities of 310/100 ml and 47/100 ml were for surface and bottom 
water samples, respectively. The geometric mean fecal coliform 
density of 42/100 ml for the surface sample at this station 
exceeded all others. These densities were well within the Class 
III standard, but they were ten-fold greater than the average 
mean density for other stations in Pensacola Bay. 

Station P11, having the second highest geometric mean total 
and fecal coliform -densities, was located at the north end of 
Highway 98 bridge near the mouth of Bayou Texar. The coliform 
discharge from Bayou Texar appeared to be the major contributing 
factor to the higher counts at this station. 

The highest densities were observed in the Escambia River and 
Blackwater River as discussed previously in this report. The 
geometric mean densities were 1, 150/100 ml tota·l coliform and 
150/100 ml fecal coliform at the Escambia River Station (ER10), 
and 1,690/100.ml total coliform and 160/100 ml fecal coliform at 
the Blackwater River station (BFEI). The highest geometric mean 
density for any Escambia Bay station for total coliforms was 
360/100 ml and for fecal coliforms was 31/100 ml at Station EKMP. 
These high background coliform densities are similar to those 
reported by west, et al. (1964); Gallagher, et al. (1969); and 
USEPA (1972) for similar Gulf and East coast estuaries. 

Escambia Bay mean total coliform density easily complied with 
the state standards for Class III waters, but exceeded the 
maximum permissible total coliform density of 230/100 ml· in 
greater than ten percent of the surface samples, from areas 
located in Class II waters which were closed to oyster 
harvesting. Only one violation from Class II bottom waters was 
observed in _1974; none were analyze~ in 1973. 

Total coliform and fecal coliform densities for all stations 
varied from one sampling time to another. The general tendency 
was for coliform densities to rise following periods of heavy 
rainfall. This indicated that the high counts which were more 
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frequently observed in the tributaries were probably due to land 
runoff and swamp drainage. The high coliform counts observed in 
the barge channels could possibly be attributed to the barge 
traffic, either churning up sediments or from domestic waste 
discharged from tugs or other watercraft. Whenever violations 
of the Florida bacteriological standard for total coliforms 
occurred, they did not appear to be the result of domestic waste 
discharges. Stations where violations of the. Florida standard 
for total coliforms were observed seldom showed violations of the 
fecal coliform standard. 

PARTICULATE MATTER 

Introduction 

Particulate matter diminishes light entering a body of water. 
The· light diminishing effect reduces photosynthesis which, in 
turn, reduces primary productivity. This can cause a reducition 
of fish food organisms that can redu~e fish production. 
Diminishing light will also redµce the standing crop of benthic 
vegetation. 

Particulate matter in the Pensacola Bay system was evaluated 
using turbidity. Turbidity is the degree of opaqueness produced 
in water by suspended or colloidal particulate matter. It can be 
produced by microorganisms, organic detritus, mineral substances, 
clay and silt; and can be caused by natural erosion man-caused 
erosion, and waste additions. Turbidity is not' equal to 
suspended or non-filtrable solids, but is an expression of their 
light diminishing effect~ 

Results and Discussion 

The mean turbidities in Escambia, East, and Blackwater Bays 
for each water quality study in 1974 followed the same trend as 
the effective river discharge (Figure 8-46) • A correlation 
analysis of mean Escambia Bay turbidities during a11 1974 water 
quality studies indicated that 72 percent of the variation in 
turbidity was due to variation in effective flow of the Escambia 
River (r = 0.85, p < 0.01). No correlation was found between the 
mean turbidity in Escambia Bay and the average Wind velocity 
during each day in 1974 that a water quality stu~y Was performed. 
The highest values of turbidity were measured in the bay during 
the winter and spring when rainfall in the drainage basins of the 
bays was high. The lowest values were measured in the summer·. 

Mean turbidities decreased in Escambia Bay in a seaward 
direction during 1974 studies (Figure 8-47 and Appendix 8-20). 
The highest mean surface and bottom turbidities of 19.7 and 20.8 
JTU, respectively, occurred in the Escambia River (Station ER10). 
Near 'the I-10 bridge (Station EKMP), the mean turbidities of 12.9 
JTU at the surface and 14.6 JTU on the bottom were lower than 
river values. Turbidities were considerably diluted by the 
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S~ptember, 1974, and total effective flow into the Pensacola 
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Figure 8-47. Mean turbidity in Escambia, East, and Blackwater 
Bays during January through September, 1974. 
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entrance to the Escambia Bay dredged channel (Station ERPB) where 
the mean surface value was 6.3 JTU and the mean bottom value was 
7.4 JTU. Mean turbidities were higher on the western side of the 
bay than on the eastern side. This occurred because much of the 
turbidity in the bay comes from the Escambia River; thus, the 
turbidity distribution is similar to the freshwater distribution 
in the bay. 

The mean surface and bottom turbidities in Blackwater and 
East Bays were considerably lower than those in Escambia Bay, and 
there was very little spatial variation throu~hout both bays. No 
turbidity data was collected in Pensacola Bay by the University 
of West Florida. 

A frequency analysis for all 1974 data (Table 8-33) shows the 
magnitude of the difference in turbidities in the· bays. All the 
turbidity distributions were squewed toward lower turbidities. 
East. Bay had the lowest turbidities and Blackwater Bay was 
slightly more turbid. None of 'the turbidities measured in any of 
the bays during the 1974 surveys were greater than the State of 
Florida water quality standard of 50 JTU. One sample i9 the 
Escambia River, at Station EHGD, and one in the Little White 
River, at Station EEEM, did exceed the turbidity standard. 

Turbidity in Choctawhatchee Bay was lower than in Escambia 
Bay. The mean turbidity in Choctawhatchee Bay was 2.0 JTU during 
the September 12, 1974 water quality study (Figure 8-48), and the 
lowest mean turbidity in Escambia Bay of 3 .6 -JTU occurred on May 
29, 1974. Even though these mean turbidities for these dates 
appear the same in both bays, turbidities in Escambia Bay were 
statistically higher than those in Choctawhatchee Bay (t = 3.73, 
df = 89, p < 0.01). The lowest mean turbidity in East Bay of 
1~6 JTU was measured on July 9, 1974. This value is not 

Table 8 - 33. Percent of the samples in turbidity ranges durinq the 1974 
wat~r quality studies. 

Turbidity 

0 9.9 

10.0 - 19.9 

20.0 - 29.9 

qreii ter "than 30. 0 

Percent within range 

Escambia P.ay East Eay Blackwater Ray 

60.7 

22~7 

11. 7 

4.9 
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statistically different than the mean value in Choctawhatchee Bay 
on September 12, 1974 (t = 0.73, df = 62. Thus, turbidities in 
East and Choctawhatchee Bays were similar. 

Turbidity studies were performed on ~ugust 15, 1974, and 
November 20, 1974 in the drainage basins of the Escambia, 
Blackwater, and Yellow Rivers to evaluate turbidity differences 
within these basins. Three replicate samples were collected at a 
depth of. 0 ~ 3 m ( 1. 0 ft) at .each station. The description of each 
sampling station is presented in Appendix a~21. Mean turbidities 
at each sampling station during each.study ~re shown in Figure 8-
49 and all data is presented in Appendix 8-22. Rain occurred· 
during both. studies ·and the river discharges as measured at the 
furthest downstream stream gages ·on each river .are presented in 
Table 8-34. Effective river discharges on ·the Escambia, 
Blackwater, and Yellow Rivers were almost-twide as high on August 
15, .1974, than on November 20, 1974, ·but effective flows for both 
study dates were below the mean discharge~ for the period of 
record. · 

Turbidities in the Escambia River were statistically greater 
during the.August 15, 1974 study than during the November 20, 
1974 study (t = 2.15, df = 70, p < 0.05). The same was true for 
the. Yellow and Blackwater Rivers (t = 4.09, df = 64, p < 0.01). 
Since flow was higher during the first study, this also indicates 
that turbidity is proportional to river discharge. 

· Turbidities were much greater in the Escambia River than in 
the Yellow and Blackwater Rivers during both studies (August 15, 
1974, t = 8.34, df-= 67, p < 0.01; November 20, 1974, t = 5.19, 
df = 67, p < 0.01). Within the Escambia River basin, turbidities 
were· high in the upper -reaches of the basin, a_nd increased in the 

Table 8 - 3~. Effective river discharges for· Escambia, Yellow, and Blackwater Rivers. 

-------------------- --

·Date , 

Effective river discharges ~ 3 /sec 
(cfs) 

Escarubia Riv~r Blackwater River Yellow River 

----------------, ----------------------------------------------------------- --
August 15, 1974 11 7 19 51 

( 4140) (687) (1797) 

Nove1nber 20, 1974 67 13 29 
(2370) (446) ( 1014) 

Mean period of record -17 0 23 62 
(6.'J 16) (820) (2175) 

/ 
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Conecuh River until the Florida State Line. rhey then decreased 
in the Escambia River. A significant increase in turbidity in 
the Conecuh River downstream of the container Corporation 
discharge was not observed. The higher turbidities in the upper 
reaches of the Conecuh-Escambia River basin are due to erosion of 
clay from the soils. Most of the drainage basins of the 
Blackwater and Yellow Rivers are in areas with sandy soils. This 
accounts for the lower turbidities in these rivers. 

fil!!filfil!.!_LOADINGS INTO THE PENSACOLA BAY SYSTE~ 

Point sources of waste contributed the greatest portion of 
the load to the Pensacola Bay system basedJ on NPDES permit 
limitations during January 1975 and 60-day, 10-year low flows in 
rivers tributary to the bay system. Tributary rivers and non
point sources· of waste followed with decreased loadings. The 
loadings from tributary rivers were measured at the upper limit 
of saltwater intrusion. 

The nutrient loadings into the bay system from all tributary 
rivers were estimated from mean concentrations in the lower 
Escambia River (Station ER10) during January through September 
1975 and 60-day, 10-year low flows. Mean concentrations from the 
Escambia River were used because the greatest-amount of data was 
available for this location, concentrations in all tributary 
rivers were similar, and there was only slight correlation 
between concentration and river inflow necessitating the use of a 
mean concentration. 

An analysis of u.s. Geological survey data from the Escambia 
and Yellow Rivers during January 1970 through February 1975 
(Table 8-35) indicated mean total nitrogen and TOC concentrations 
in the Escambia River at Century, Florida, and in the Yellow 
River at Milligan, Florida were not statistically different. 
Based on the same data, the mean total phosphorus concentration 
in the Yellow River (0.051 mg/1) was significantly higher than 
that in the Escambia River (0. 032 mg/1~ , and the mean 80D5 
concentration in the Escambia River (1.0 mg/1) was significantly 
higher than that in the Yellow River (0.7 mg/1). Even though 
there was a significant difference between mean total phosphorus 
and BOD5 concentrations, the mean values were quite close. A 
November-Decel'(lber 1971 study comparing the Escambia River with 
other northwest Florida streams indicated there was strong 
evidence that the water quality of these streams was comparable, 
and an analysis of historical STORET data for the same area 
yielded the same conclusion (USEPA, 1972f). Based on both of the 
above studies, water quality · .of the tributary rivers of the 
Pe11sacola Bay system was similar. 

As expected, nutrient loads in the Escambia River-(Station 
ER10) were lowest during low flow periods (Table 8-36 ·and 8-37). 
These low flow periods generally occurred in late summer and 
early fall when the water temperatures of the bays were. highest, 
the bottom dissolved oxygen concentrations were lo~~st, the 
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!able b - 35. ~Oillparison of ~ater ~uallcy dat~ for the ~scambia ~iVdt at Century,Florida, and th~ 
Yello~ Uivur ~t Nilliyan, ?lorida. (Ddtd irom U. s. Geological Sucvay) 

,·lov 
( m 3 /sec 

· Total 
?hospnorus 

(mq/1 J 

1'ot,1l 
Nitro1en 

(l'lg/1) 
90D 5 

.(mg/1) 
roe 

(mg/1). 
, --------------. --------------- . --------------------------------------· ------- .. ____ ._. -·-. ------· -----
Escdmbia River 

~1e,11.1 

!iaximum 

·i1inimum 

n 

r, cone. vs. flow 

Yello·• River 

il!e,,n 

~axiILum 

:iinirnum 

n 

c, con;;, vs. flow 

tifferen::e betveen 
irea ns in rivers 

ca Leu lated t 

140 ;)_.032 

722 ·). }60 

2':• ),0 IC. 

26 2l" 

-o. 16 

20 0.051 

62 0.1.41) 

5 .o. J 1 J 

22 19 

-0'. 3 1, 

,). 555 0.98 5. 1 

1. 4C-J 2.20 12 •' 

,J. 3":JJ· 0;40 ).0 

15 26 20 

-0. 1l C.24 o. _16 

•). 4 7a 0.68 4. 25 

1. 4CJ 1. GO 3.00 

J. 170 o. J~, 1.00 

12 2'} 18 

-0.03 o.08 J. 61•• 

0.6 1. 2 

• Difference ·&~tween the me~ns stat~stically different ~ith qr~ater than 95 percent confiden:e •. 
•• Corrplation coefficient statistic,1lly si•~ni.fic 0rnt<; with ·95 pe_rcant c~n_fidenca. 

table 8 - 36. Nutrient values in the Escambi3 River (Station ER10) by jate during Jaou3ry throngb 
September, 1974. · 

-----------------------------------------·---· ------------·---------------------------------

1/23/74 
1/23/74 
,/12/7 4 
</12/74 
3/05/74 
3/05/711 
3/27/74 
3/27/H 
4/16/74 
4/16/74 
5/07/74 
5/07 /7 4 
'5/29/74 
5/29/74 

· 6/111/74 
6/18/74 
7/09/74 
7/C9/74 
7/30/74 
7/30/74 
8/20/74 
8/20/74 
9/11/74 
9/11/74 

• first 

Plov 
Total 

Phosphorus 

------------cone. load 
(m 3/sec) (mg/1) (kg/day) 

333 0 .051 1,467 
333 0.(10 2,014 
737 0. 0 41· .. 2, 6 11 
737 0.021 1,719 
226 ;).044 859 
226 0.037 7 22 
203 c.024 4 21 
203 o. 032 561 
506 0.036 1,574 
5C-6 C. 0 38 1,661 
1111 0.039 384 
114 0.033 325 
178 0.047 723 
178 0.043 661 
126 0.038 4 14 
126 O. C 42 457 

71 0. 0 30 184 
71 0.033 202 
69 0. 0 21 185 
69 0.028 167 

14 7 0.044 559 
147 O. C 38 483 
784 C.C55 3,726 
784 o. 054 3,658 

Total 
Nitc-ogen 

cone. load 
(mg/1) (kg/day) 

0.50(1 14,386 
0. 50) 14,386 
0. 502 31,966 
0.497 31,647 
0.315 6,151 
.) • 315 6,151 
0.350 6,139 
,0. 360 6,314 
0.377 16,482 
i), 385 16,832 
o. 1180 4, 728 
0.485 4,777 
0.405 6 ,22,9 
0.452 6,951 
0.355 3,865 
0.285 . 3,103 
0.282 1,730 
0.420 2,576 . 
0.342 2,039· 
0.235 1,401 
-~. 225 2,858 
0.221 :l,883 
0. 4119 30,414 
0.385 26,')79 

------ -----------------

BOD 5 

cone. load 
(111g/l) (kg/day) 

1. 6 46,034 
1. 3 37,403 
0.7 44,574 
0,8 50,941 
o. 5 9, 763 
0,4 7,811 
1. 3 22,801 
1, 4 24,555 
0.9 39,347 
1. 0 4 3, 718 
) • 7 6,895 
o. 5 4,925 
1. 9 29,220 
1. 6 24,607 
).8 8,709 
0,9 9, 798 
0.5 3,067 
0.4 2,454 
o·. 5 2,981 
0.5 2,981 
0.0 1 o, 161 
0.9 11,431 
).8 54, 190 
1. iJ 67,738 

TOC 

cone. - - load-
(mg/1) (k~/day) 

8.5 244,555 
10.0 287, 712 
11. 0 700,445 
10.0 66!'1,606 
5,5 107,395 
6.5 126,922 
6.0 105,235 
5.0 87,696 
7.5 327,888 
8.2 353,491 
8.2 8),767 
6,0 59,098 
6.5 99,965 
5.7 87,661 
5.7 62,052 
5.7 62, C52 
2.5 15,336 
3.5 21,470 
1. 0 5,962 
2.5 14,904 
4.5 57,154 
9.0 '114,307 

11.c 745,114 
9.5 643,507 

value tor each date 15 tor the surface and the second value is for the bottom 
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chlorophyll~ concentrations (phytoplankton) were highest, and 
when most of the fish kills occurred. Accordingly, the 
contributions from the tributary rivers during low flo~ 
conditions (60-day, 10-year low flow) were used to calculate 
river loadings and to compare them with other sources of 
nutrients. The 60-day, 10-year low flow of 72 m3 /sec from all 
tributary rivers was also·used to determine the contributions 
from tributary rivers because the flushing time of Escambia Bay 
is approximately 69 days at this level of inflow. Th,us, the 60-
day, 10-year low flow will affect most of -Escambia Bay. Th~ 
estimated loadings are shown in Table 8-37. 

The percent contributions to the Pensacola Bay system from 
tributary, rivers, point. sources under January 1975 conditions, 
point sources when final permit limits are in effect, and non
point sources are presented in Table 8-38. Under January 1975 
conditions, for all parameters, point source discharges 
contributed the greatest amount, with tributary rivers and non
point sources following in decreasing order. When the final 
permit limitations are in effect, the most significant source or 
sources will be tributary rivers for BOD5 , tributary rivers and 
point sources for total nitrogen, and point sources fo~ total 
phosphorus. · 

_he theory held by many, that point source discharges are 
ins~gnificant compared to tributary river contribut~ons and non
point sources, is incorrect. Even after all point source 
discharges are reduced to their final effluent limitations, ppint 
source discharges will still be the greatest contributors of 
total nitrogen and total phosphorus to the Pensacola Bay system. 
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'Iabl-, a - 37, ~ummary of nutrient nlues in the Escambia River (Station ER10) during January through 
Scptemb8r, 197q and estimated nutrient loads entering the Pensacola ilay system from th? Es:ambia River 
anti from all rivers, 

----------------------------------------------------------------------------------------------------

Station Enl-l 

!lean 

r.aximum 

fliniJPum 

n' 

r, cone. vs, flow 

Escamhia Hiver 

Hean annual flow 

7-day, 10-year 
low tl:>w 

60-alay, 10-year 
low f l:>w 

All ti: ibu ta ry rivers 

Hean annual flow 

7-d<ty,10-year 
low f l:iw 

6C'-day, 10-year 
low fl:iw 

Flow 

m 3 /sec 

291 

784 

69 

24 

189 

28 

JS 

311 

61 

72 

Total 
;>bosphorus 

con:::. 
(mg/11 

0.)40 

0,')70 

0.024 

24 

c. 311 

l:iad 
(kg/day) 

1,('7: 

3,730 

161 

24 

0,93• 

653 

97 

121 

1070 

211 

249 

·rot al 
Nitrogen 

cone. l:iad 
(m<J/l) (kg/day) 

".' .38".' 1 J, !.IC c, 

0,502 32,000 

O. 22S 1,4~0 

24 24 

o. 116 • o. 98• 

6 ,2C"J 

919 

1,145 

10,200 

2, J 0·) 

2,360 

~.9 

1, 9 

J. Q 

24 

o. 10 

load 
(kg/day) 

23,60C, 

67,700 

2,450 

24 

0,91• 

111,700 

2, 180 

2,710 

24,200 

4, 740 

5,600 

con:, load--
(mg/11 (kg/day) 

6,7 212,000 

11,) 745,000 

1,) 5,960 

24 24 

,.n• 0,99• 

109,1100 

16,200 

20,200 

180,000 

35,300 

41, no 
-----------------------------------------------------------------------------------------------------
• Correl1tion coefficient statistically significant within 95 percent confidence, 

tabl~ a - 38. Suocary of nutrient contributions to the Pe11sacol~ Bay tributary rivers, point sources and 
ncn - point sources. 

---------------------------------------------------------------------------------------------------------------
Source SOD5 rotal Nitrogen rotal Phospboras 

(kg/'lay) (percent) 
1975 final 

(k~ /day) (percent) 
1975 final 

(kg/day) (percent1 
197S final 

- ------------------------------------------------------------------------------------------------
1ribu<ary river.:. S,6CQ 38 so 2, 3 6J 32 47 249 22 30 

Point source waste di !tcha rges 
into estuarine reaches 6, l~J 41 4,395 59 67 2 60 
Avcra,Je Jan. 1975 ~ermi t li.nitations 

Foint source 1i1astc diGchargcs 2,528 22 .2, J41 40 376 ~s 
iotu estuarine C'ear.hes 
Pinal por'mi t limitations 

Non - point source discharges 3,111 21 28 676 9 13 205 18 25 

1ota l with 1975 point sourco load 14,974 7,431 1,126 

!c,tal vith final point source loaj 11,239 5, J77 830 

------------------------------------------------------------------------------------------------------· ---------
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9 - PLANKTON 

PHYTOPLANKTON PRODUCTIVITY 

The Escambia Bay Recovery study (EBRS) did no specific 
studies on either phytoplankton or zooplankton species in the 
Pensacola Bay system. EBRS, in cooperation with the University 
of West Florida, did determine chlorophyll concentrations 
throughout the Pensacola Bay system from January to September 
1974. There have been primary productivity studies recently by 
the University of west Florida (UWF) in 1973 (Hopkins, 
unpublished data) on East and Escambia Bays. 

In Escambia Bay, primary productivity ranged from 0.0 to 2.98 
mg C/m3 per hr, while East Bay ranged from 0.0 to 2.16 mg C/m 3 

per hr (Hopkins, et al., unpublished STORET data). The annual 
mean for Escambia Bay was 0.68 mg C/m 3 per hr while East Bay was 
0.62 mg C/m 3 per hr. Paired monthly means during 1973 showed ·no 
dif'ference between these two bays (t = 0. 27, df = 14) • Monthly 
data was calculated on a per hour basis and was not extrapolated 
to a per day production; even so, the relationship between the 
two bays is relevant and a direct comparison of their 
productivities is possible. EBRS turbidity data (discussed more 
fully under the water quality section) for a nine-month period, 
from~ January to September 1974, gave an average turbidity value 
of 3.90 Jackson units for East Bay and 10.27 units for Escambia 
Bay. The UWF primary productivity data was for the top meter of 
the water column. Therefore, even though primary productivity 
means for the surface waters of the two bays were nearly the· 
same, it is likely that total primary productivity, that is, the 
productivity of the water column from the surface down throu_gh 
the euphotic zone, was higher in East Bay since light penetration 
was greater there. 

Data from Port Royal sound, south Carolina (Thomas, 1972), 
for three sampling periods in 1970 averaged 0.0197 g C/m3 per hr. 
This was much higher than the values from Escambia Bay. Port 
Royal sound was described as a productive estuary capable of 
contributing to the growth of aquatic organisms (Thomas, 1972). 
Escambia Bay was several times less productive than Port Royal 
sound. Compared to several systems throughout the Gulf coast 
(Steidinger, 1973), Escambia Bay had a low primary productivity. 

\ 

PHYTOPLANKTON CROP 

Cell counts 

The abundance, seasonality, and spatial distribution of 
phytoplankton in Escambia and East Bays has been investigated by 
Hopkins, et al. (unpublished) during the year 1973. This data 
indicated that the general trend in seasonal succession of 
phytoplankton within Escambia and East Bays was similar. 
Dinoflagellates were abundant in the late winter and early spring 
months. In late spring a small blue-green alga was abundant in 

9-1 



both bays. In early fall, diatoms were the dominant group and 
they persisted well into midwinter. 

Cell counts in Escambia Bay ranged from 17 to 230,000 
cells/ml. The range for East Bay was 1100 to 70,000 cells/ml. 
During the cooler months the counts were in the thousands/ml, 
whereas in warm months the counts increased a magnitude to tens 
of thousands. A student t-test indicated no significant 
difference in the means.of East Bay and Escambia Bay for cell 
counts/ml (t = , 0.87, df = 121). Although there was not an 
overall difference in cel'ls/ml in the two bays, Escambia Bay had 
a less uniform distribution. During the high river flow period, 
plankton was flushed from the areas of greater freshwater influx. 

ZOOPLANRTON CROP 

zooplankton was sampled by the University of West Florida six 
times between February and September 1973, at seven stations in 
Escambia Bay and six stations in East Bay. Averages of total 
counts of organisms per m3 were 36,674 in Escambia Bay and 32,253 
in East Bay. A student t-test indicated no significant 
difference in these means (t = 0.67, df = 75). Also, monthly 
means had no consistent trend, either between bays or with time. 
No differences were noted between the bays within the dominant 
groups of organisms. Acartia tonsa, a calanoid copepod~ was the 
dominant organism in both bays. 

CHLOROPHYLL 

. Introduction 

Since all algae contain chlorophyll a, this pigment concen
tration can give an insight into the- relative amount of 
phytoplankton standing crop. The physiological condition of the 
cells determines the amount of pigment per algal cell, which 
biases this method of the estimation of biomass; however, it is a 
widely accepted technique for comparing phytoplankton crops in 
estuarine waters. In this study, four bays were compared; 
therefore, the technique has even greater validity since samples 
were taken concurrently in all bays. 

Methods 

water samples were taken 0.3 meters (1.0 ft) below the 
surface at three-week intervals from January to September 1974, 
at the stations shown on Figure 9-1. Variable volumes of water 
(depending on filtering speed) were. filtered through a O. 45 
micron millipore filter. Residue was dissolved in 90% acetone 
while cells were ground in a tissue grinder. The method used 
follows Stickland and Parsons (1972) trichromatic method of 
spectrophotometric determination of chlorophylls. A Beckman 
Model DB-6 Spectrophotometer was used to obtain optical 
absorptions. These readings were used in the SCOR-UNESCO 
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equations to calculate chlorophyll concentrations (Strickland and 
Parsons, 1972). corrections were not made for phaeopigments 
during this study. 

Results 

Chlorophyll a concentrations in Escambia Bay ranged from 0.6 
to 17.9 µg/1 during the period January to September ·1974. 
seasonal trends are shown in Figure 9-2 for pooled data for all 
stations in the bay. -Appendix 9-1 summarizes all data for the 
Pensac.ola Bay system for the period of study. There was n9 
significant difference between the upper Escambia Bay compared to 
the lower bay. The upper bay average for the-period was 6.7 µg/1 
while the lower bay average was 6~0 µg/1. Chlorophyll 2. 
concentrations were much higher in the bayous of the system. For 
example, Mulatto ·Bayo~ concentrations averaged 16.0 µg/1 and 
Bayou Texar averaged 12.0 µg/1 for the same period. The two 
highest averages within Escambia Bay occurred near the outfalls 
from Air Products and Chemicals, Inc. and American Cyanamid 
company. Both concentrations here were 8-.0 µg/1 chlorophyll 2.· 

Escambia and Blackwater Bays had trends toward higher 
concentrations from January to September as the water temperature 
rose (Figure 9-2). East Bay tended to remain around 2.5 µg/1 
throughout this period except for July, August, and September, 
when there was an increasing trend up to 6.0 µg/1. All three 
bays had a peak in April and another peak in September • 
. Pensacola Bay had concentrations about equal to Escambia Bay 
during the winter; however, in the summer the concentrations in 
Pensacola Bay were the lowest of all four bays (Figure 9-2). 
Chlorophyll a concentrations averaged 6~3 µg/1 in Escambia Bay, 
4.5 µg/1 in Blackwater Bay, 4.6 µg/1 in the Escambia River Delta, 
3.5 µg/1 in East Bay, and 3.4 µg/1 in Pensacola Bay. The station 
at the inlet from the Gulf (P01) averaged 3.0 µg/1~ There was a 
significant. difference (t·= 7.45, df = 237) in the averages for 
Escambia Bay and East Bay. 

Chlorophyll 2. values for Choctawhatchee Bay were determined 
for one sample per station (Figure 9-3) on September 12, 1974. 
Concentrations were higher nearer the river mouth and decreased 
toward the Gulf inlet. concentrations ranged from a high of 8.0 
µg/1 to a low of 0.0 µg/1 at the inlet. concentrations were 
higher near bayous and the Santa Rosa sound. The average 
concentration for Choctawhatchee Bay during this study was 4.2 
µg/1. 

Discussion 

Nutrients from the industrial outfalls were stiITUlating 
phytoplankton growth in the northeast sector of Escambia Bay 
(Figure 9-1). This enrichment affected all of Escambia Bay and 
caused chlorophyll a concentrations to be higher than in other 
bays throughout the system (Figure 9-1). These wastes also 
entered Mulatto Bayou and caused phytoplankton bloom conditions 

9-4 



' .,. 

I~ 

::,r; 10 

"' _, _, 
► X 
Cl. 
0 
a: 
0 ., _, 
X 
u 

0 

\ 
\ 
\ 

KEY 

----·--

ESCAMBIA BAY 

EAST BAY 

BLACKWATER BAY 

PENSACOLA BAY 

,,,_ -----~-- _,_ 
------ ··-I 

1/23 2/12 3/27 4/16 ":>/1 ~/29 "6/ 18 7/9 7/30 8/20 9/11' 

1974 

Figure 9-2. Chlorophyll A seasonal concen~ra~ions in Escambia, 
East and Blackwa~er Bays. 

~u,, o, •r XJCO 

• , ••• , ..... , .. 1 ... 

e ,1,,-0,,,. 11,11 .. , 

l~Y:::::~■ .. 0Do::~::•I~ 
......... v,,., 

Figure 9-3. Chlorophyll~ (µa/1) concen~ratlons 
Bay on September 12, 1974. 

9-5· 

in Choc~awha~ch~e 



(over 15 µg/1 (Hobbie and Copeland, 1975] unpublished) that 
reached nuisance levels and probably contributed to fish kills 
during summer periods (Figure 9-1). 

Escambia River ·. Delta· waters and. Blackwater Bay. had ·similar 
chlorophyll! concentrations (Figure 9-1) and since these waters 
flow into Escambia· Bay and East Bay respectively, it .is likely 
that concentrations in Escambia Bay would be similar to ·East ·Bay 
were it not ·_tor the enrichme_nt fro~ ·industrial waste ·discharges • 
. should_ industrial . waste · discllarges · <:ease, there would· .be a 
dramatic decrease ih phytoplankton biomas~ in Escambia Bay •. The 
.high phytoplankton populati~n§_ ,in Bayqu Texar were the result of 
·dom~stic _waste . dif;charges . and storm drainage (Hannah, et. al., 
1973) • .Reduced flushing in both Bayou ~exar and Mulatto Bayou 
contribute .. to the e1;1trophication problems ·in these bayous and to 
expedite their recovery all waste must be excluded. Limited 
flushing by local_ rainfall is helpful but this same runoff water 
has_poor water quality and .therefore Jncreases enrichment. The 
bayou inlets are narrow, which restricts the tidal flushing of 
the_ bayous. 
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10 - FISHES AND PENAEIDS OF ESCAMBIA BAY 

SURVEY AND STATUS OF THE FISHES, SHRiMPS 1 AND FISHERIES 

Introduction 

Escambia Bay, the northwestern extension of Pensacola Bay; is 
a polluted estuary. The · discharge of industrial pol_lutarits, 
storm drainages, agricultural runoff, and ·the occasional overflow 
of domestic sewage have created 'deleterious conditions in water 
quality. Consequently, the stressed aquatic environment has led 
to a serious decline in both sport and commercial fishery yields, 
as well as to reduced production on the nursery grounds. 

Data on the commercial shrimp landings document the declining 
yields. · For example, the penaeid shrimp fishery in Escambia Bay 
declined from a high of 62,000 lbs (heads-off weight) in 1968 to 
the eventual collapse of the shrimp fishery in 1972·, when no 
shrimp were harvested from this bay. Commercial shrimp landings 
in Pensacola Bay, which connects with lower Escambia Bay, 
declined from over 902,000 lbs in 1968 to 17,000 lbs in 1971 
(U.S. National Marine Fisheries Service, 1964-73). 

Estuaries are essential for the maintenance of fishery 
resources in the Gulf of Mexico. The young of numerous 
finfishes, crustaceans, and other organisms inhabit low salinity 
waters where there is an adequate food supply and an absence of 
marine predators; thus, estuaries function as nursery grounds. 
Many of these species are estuarine-dependent, in that the 
critical juvenile phase of their life cycles is directly related 
to the estuaries. 

Previous studies on the fishes of Escambia Bay and associated 
environs provided useful information on species occurrences, on 
the general biology of selected species, and on a survey of 
freshwater fishing yields. Unfortunately, many of these reports 
were of little value in assessing changes in the abundance of 
estuarine fishes because of pollution, since the baseline data 
were often not in terms of catch-per-unit-effort. An inclusive 
species invent9ry was provided by Cooley (in press) who sampled 
quarterly with a bottom trawl at two stations in Escambia Bay 
over a three-year period. The food habits, migration, and 
relative abundance of the Atlantic croaker (Micropogon undulatus) 
were documented for Escambia Bay (Hansen, 1969). Livingston, et 
al., (1972) investigated the cause of fish kills · in Mulatto 
Bayou. Aspects of the seasonality and relative abundance of 
young Gulf menhaden (Brevoortia patronus) were investigated in 
Little East" Bay and Pensacola Bay (Tagatz and Wilkens, 1973). 
Freshwater and euryhaline fishes of the Escambia River system of 
Florida and Alabama, including the tidal waters at the mouth of 
the river, were inventoried by Bailey, Winn, and Smith (1954). 
In 1973, members of the Bream Fishermen Association conducted a 
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creel census on the Escambia River sport fishery (Hixon, Niven, 
and Hopkins, 1971). It is anticipated that this data base will 
be compared with a similar census in the future to evaluate the 
subsequent role of pollution on the freshwater fishery. Early 
surveys of the fishes of the Pensacola area were provided by 
Jordan and Gilbert (1882), Bollman (1886), Gilbert (1891), and 
Evermann and Kendall (1900). 

It is well-established that polluted waters directly 
influence the species composition, distribution, and abundance of 
estuarine fishes and shrimps. Shifts in population structure can 
be employed to detect environmental changes if the popilation 
levels are assessed against an adequate data base. The 
objectives of this investigation were: (1) to develop baseline 
data on the fishes and shrimps; (2) to relate the distribution of 
fishes to various environmental variables; and (3) to assess the 
present status of fish and shrimp populations in the bay. Data 
obtained from this study will provide background information for 
the development of fishery management .recommendations to 
accelerate the utilization and recovery of the bay fisheries. 

Material and Methods 

Sampling Stations, Procedures, and Gear 

Fish collections were taken every two months at eleven 
trawling stations and four seine stations in Escambia Bay and 
adjacent waters. Designation and location of the trawling 
stations were as follows: Station I--Delta tributary (Simpson 
River), station II AND III--upper reaches of Escambia Bay, 
Stations V and VI--middle reaches, Stations VII and VIII--lower 
reaches, Stations IV and IX--bayous (Mulatto and Texar) • and 
Stations X and XI--East Bay. Seine stations were at Floridatown 
(Station A) • Mulatto Bayou (Station B) , ·eastern shore in middle 
reaches (Station C), and Hernandez Point (Station D). Sampling 
stations and areas are depicted in Figure 10-1. 

To standardize trawling effort, a similar procedure 
followed for all collections. The otter trawl was towed 
straight line for a 10-minute period at a speed of 2000 rpm. 
the completion of the tow, the trawl was retrieved by hand. 
tows were taken at each trawling station. 

was 
in a 

At 
Two 

Water temperature and salinity were taken with a salinometer 
for each collection. Surface and bottom readings were taken 0.3 
m (1.0 ft) beneath the surface and 0.3 m above the bottom, 
respectively. 

The trawling gear consisted of a 4.9-m (16~ft) • semi-balloon, 
otter trawl (Marinovich Trawl Co., Biloxi, Miss.) that was 
constructed of 2.54-cm, bar-mesh netting with a 0.64-cm, bar-mesh 
innerliner in.the codend. The trawl was attached to a 30.5 m 
(100 ft) tow line. 
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The 21.3 m (70 ft) bag seine was constructed of a 6.4-mm (1/4 
inch), bar-mesh netting in the wings and a center bag of 3.2-mm 
(1/8 inch), bar-mesh netting. The seine was 1.2 m (4.0 ft) in 
depth. 

Fish collections were taken during the biological year, which 
extended from October 1973 through September 1974. Large 
specimens were processed in the field, whereas the more numerous 
small individuals were preserved in a 10 percent solution of 
formalin in sea water for subsequent sorting, counting, and 
identification in the laboratory •. All length measurements ~ere 
of total length (tip of snout to the end of compressed caudal 
fin) taken to the nearest 1.0 mm, unless noted otherwise. 

The names of fishes and their phylogenetic order follow the 
recommendations of the American Fisheries Society (Bailey, et 
al., 1970) • 

Community structure 

Species diversity indices provide a means of assessing the 
effects of environmental stress or pollution on the structure of 
fish communities. Also, information.on the number of individuals 
per species is reduced to a single value, which facilitates the 
analysis of the catch data. 

Diversity was calculated using the Shannon-Weaver formula 
(Shannon and weaver, 1963). The diversity of the catch sample 
from the population was estimated by (H'): 

H' = - l t loge ~ 

where N; is the number of individuals in the i!!!_ species and N is 
the total number of individuals in the catch. 

Since Shannon~weaver values may increase in response to 
similar increases in both number of species and relative 
abundance or equitability of species, these two components are 
usually calculated separately. Thus, the "species richness" 
(Margalef, 1969) component of diversity (D) was calculated by the 
following equation: 

D = (S-1) / loge N, 

wheres represents the number of species and N is the •number of 
individuals. This formula gives more weight to the number of 
species than to the number of individuals. The "evenness" index 
(J), developed by Pielou ( 1966) , is a measure of relative species 
abundance that was calculated by: 

J = H1 / H max= H'/ loge s, 
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where loge sis the maximum value of H' and H' = H' max when all 
species are equally abundant. Thus, the maximum value of J is 
1.0. Si~ilar indices, particularly the Shannon-weaver formula, 
were employed in assessing the pollution-stressed, fish 
communities in the estuarine waters of Patuxent River, Galveston 

· Bay, ,and Mys_tic River.• 

Fish kills 
. ' 

Historical r.ecords on. • the fish kills in the Pensacola Bay 
syst~m ~re based on our interpretation of - the unpublished. · log 
maintained by Mr. William. T. Young, ·Florida State Department of 
Environmental Regulation (FDER). starting in: 1969, all .fish 
kills observed by personnel of Florida Marine Patrol, by members 
of Bream Fishermen Association in Pensacola, . _and · by col)cerned 
citizens. were reported . to FDER. Subsequently·, a biologist, 
usually Mr. Young, performed an on-site inspection. In additi.on, 
per~onnel of the Escambia Bay Recovery Study (EBRS) investigated 
kills that occurred from August 1973 through Deceil)ber 1974. In 
this report, chronic kills, which often persisted for several 
days or on occasion, even we~ks, and multiple reports of the same 
event were tabulated as a single fish kill. 

Assesi:;ing the number of fishes involved in an exte.nsive -kill 
in the estuary is 'often a difficult task du~ to the vast are.as 
and often remote shorelines. More accurate estimates of the size 
of the kills came from the bayou habitats than from those _in the 
open bays. 

Commercial landings 

Data on the commercial landings from Escambia County and 
other Florida areas were obtained from reports of the Florida 

., Department of Natural Resources (1964-72) and the U.S. ·National 
Marine Fisheries Service (1973). Information on commercial 
shrimp catches from specific bays was provided by U.S. National 
Marine Fisheries service (1964-73). 

Results 

Relative Abundance 

A total •of.79,372 individuals, representing 57 species and 32 
families, was taken in the bimonthly collections.· Of the total 
catch, 69,876 individuals, or 88 percent, were taken in the otter 
trawl collections; the ~emainder were capt;ured. with ·the seine 
(Table 10:..1) ~- An· average of. 568 individuals was taken per trawl 
sample during. the ·year.·. Bimonthly distribution of the total 
otter trawl effort during the survey is tabulated by station and 
by area in Appendix 10-1. 

In decreasing order of abundance, the most numerous species 
were bay anchovy, (Anchoa mitchilli), Gulf menhaden (Brevoortia 
patronus ), spot (Leiostomus xanthurus), Atlantic croaker 
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Table 10•1, Summary of the number of tisnes caoturPo with otter trawl and sei~e rturing the bimontnly survey 
in Escambia Bay durinq 1971 tnrouqh 1974, 

Species 

Atlantic stingray CUasyatis sabina) 

~luntnose stingray (Oasyatis say!) 

Longnose gar CLepisosteus osseus) 

Lady fish (!::lops saurus) 

Gulf menhaden (llrevoortia patronus) 

Scaled sardine (Harengula pensacolae) 

Threadtin shad (Oorosoma petenensel 

Striped anchovy (Ancnoa nepset 11s) 

Bay _ancnovy (Anchoa mitcnill1l ,, 
Inshore lizardfish (Synodus toeteusJ 

Channel cattisn (lctalurus PunctatusJ 

sea catfish (Arius fells) 

Gaff top.sail catfish (Baqre marinus) 

Gulf toadfisn (Opsanus oetal 

Atlantic needletish (Stronqylura m"lrina) 

Sheepsnead minnow (cyprinodon varlegatus) 

Gulf kill1t1sh Cf'undulus grandis) 

Longnose k1llif1sh Cf'undulus s1rr•ll1sJ 

Rainwater kllllfish (Lucanla parva l 

Tidewater sllverside ("lenidia bervllina) 

Chain Pipetlsh (SynQnathllS lou1s1anae) 

Gulf pipefisn (Syngnatnus scovelli l 

Largemouth Dass (Micropterus sal:noldesl 

Total tra~l Total seine 
catch catch 

Numcer ot samples 
12 3 24 

2 0 

2 0 

2~ 0 

~ 2 

9,305 5, 4'l9 

255 20 

15 0 

4,693 2 

30,566 I, 441, 

11 4 

5 0 

123 2 

0 

0 

0 3 

0 b 

0 70 

0 10 

0 2 

6 942 

0 

0 

0 "} 

Total eaten Life nistory stage• 

2 JA 

2 A 

29 A 

10 J 

14,804 J 

275 J 

15 A 

4_, 695 JA 

32,014 JA 

15 JA 

5 A 

1:.15 JA 

ti 

A 

3 ,1 

6 JA 

70 JA 

I 0 JA 

2 A 

948 JA 

J 

A 

2 JA 

----------------------------------·-----------------------------------------------------------------------------·• J=juvenue A=adult 



Table 10-1 (cont), Sum~ary of tne number of tlsnes cantured with otter trawl Hnd seine during the bimonthly 
survey In ~scambla Bay during 1973 through 1974. ----- .--- ·-----------------------------------------------------------------------------------------------------

Species 

Total trawl 
catch 

~umber 
123 

Total seine 
catch 

ot samples 
24 

Total catch Life history sta9e• 

-- ------- - -------- -----------------------------------------. ----------------------------------------
crevalle jacK !Caranx hippos) 

Atlantic bumper (Chloroscombrus cnrysurusl 

LeatherjacKet CDllgoplltes saurusl 

Lookdown (Selene vomer) 

Mangrove snapper CLutnanus qrlseus) 

Spottln moJarra (Euclnostomus oroenteus) 

Sheepshead (Archosargus probatocephalusJ 

Plnflsh (Lagodon rnomboldesl 

Silver perch (ijalrdlella chrysural 

Sanrt seatrout (Cynosclon arenarlusl 

Spotted seatrout (Cynosclon nebulosusl 

spot ILelostomus xanthurusl 

soutnern kinqtlsn (Mentlclrrhus amerlcanusl 

Gulf Klngflsh !Mentlclrrhus llttoralls) 

Atlantic croaker (Mlcropoqon un~ulatus) 

Atlantic spadetlsh (Chaetodipterus taberl 

Striped mullet (Mugll cenhdlUS) 

Atlantic threadfln (Polyd~ctylus octonemusl 

Violet qoby (Gobloides broussonnetll 

snarptall ooby (Goblonellus hastatusl 

Naked goby (Gobiosoma ooscll 

Code goby (Goblosoma robustum) 

freshwater goby (Goblonellus shuteldtll 

Atlantic cutlasstlsn CTrlcnlurus leoturusl 

Spanish mackerel (Scomboromorus maculatusl 

Harvesttlsh (Peprllus alepldotusl 

Bighead searobln (Prlonotus trlhulusl 

Bay ~hltt (Citharlctnys spllopterusl 

fringed t&ounder l~troous crossotus) 

Soutnern flounder (Parallchthys lethostlqma) 

HogchoKer (Trlnectes macutitus) 

BlacKcheek tonguetlsn (Symphurus plaglusa) 

Least putter (Sphoeroldes parvus) 

Striped burrtish CCn1lomvcterus scnoeptll 

TOTAL 

23 

6?5 

0 

1 I 3 

II 

25 

84 

1,587 

11 

13,82b 

12 

7,915 

24 

467 

1 7 

0 

0 

25 

2c 

12 

10 

69,876 

0 

299 

0 

2 

bl 

0 

b4 

u 

33 

171 

0 

0 

317 

10 

u 

0 

0 

0 

0 

0 

0 

0 

25 

0 

9,496 

23 

921 

4 

2 

174 

11 

89 

84 

1,b20 

I 3 

lJ,997 

13 

5 

8,403 

341 

477 

1 7 

25 

20 

1 3 

11 

6 

9 

34 

79,372 

J 

J 

J 

J 

JA 

JA 

JA 

JA 

JA 

JA 

J 

J 

JA 

JA 

J 

JA 

J 

A 

A 

JA 

J 

J 

J 

JA 

JA 

JA 

JA 

J 

J 

J 

-------------- ------. ---······----------------------·······------- .--,- .----------------------------------------J=juvenile ' A=adult 
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(Micropogon undulatus), striped anchovy (Anchoa hepsetus), sand 
seatrout (Cynoscion arenarius), tidewater silverside (Menidia 
teryllina), and Atlantic bumper (Chloroscombrus chrysurus) (Table 
10-1). The bay anchovy, representing 40 percent of the total 
catch, was the most abundant species in Escambia Bay. The other 
seven species accounted for 57 percent of the year's total catch. 

Members of three families.of fishes represented 96 percent of 
the total catch with both trawl and seine, and, thus, dominated 
the catches from Escambia Bay. The most abundant families were 
Engraulidae (anchovy), Sciaenidae (drum), and Clupeidae 
(herring). Anchovies, composed of two species, represented 
nearly half of the total catch. The sciaenids were represented 
by seven species and accounted for 30 percent of the total catch, 
while the three clupeid species represented less than one-fifth 
of the catch. The other 29 families, represented by 45 species, 
accounted for the remaining four percent of the total catch. 

Distribution by Area 

Among the five study areas, the largest catches-per-unit
effort (trawling) occurred at the bayou and river·stations (Area 
4) (Figure 10-2). An annual mean catch of 924 fishes was taken 
in the waterways adjacent to the bay which represented a two- to 
three-fold increase over the other areas. In the open waters of 
Escambia Bay, the annual mean catch ranged from 326 to 498 
individuals (Areas 1-3). The largest catch occurred in the upper 
reaches of the bay (Area 1) in the vicinity of the industrial 
outfalls. East Bay stations served as a control, since this bay 
was considered to be less polluted than Escambia Bay. The annual 
trawl catch of 535 fishes in the control area (Area 5) surpassed 
the returns from the three areas in Escambia Bay (Appendices 10-2 
and 10-3) • -

variations in catches among estuarine areas were real 
differences as indicated by ANOVA (F = 3.27, p < 0.05). 
Differentiation of group means (Student-Newman-Keuls mltiple 
range test) revealed that the increased catch in the bayous (Area 
4) was significantly different from those·of other areas. The 
catches from the three open water areas in Escambia Bay were 
statistically similar to each other, as well as to the control 
area in East Bay. Area comparisons were shown diagramatically as 
follows: 

Area and rank 3 

Annual mean catch 325.9 

2 

481.3 

1 

498.5 

5 

534.1 

4 

923.8 

Means enclosed by the range line were not significantly different 
from each other; means not underlined were significantly 
dissimilar. It was conclusively shown that the bayous were the 
most productive waters in the estuary. 

10-8 



-~ -:s: 
u ... 
C 
u 
z 
C ... 
E 
~ 

C 
::a 
z z 
C 

-... ., 
~ 

E 
::I 
a:: -

:z: 
u ... 
C 
u 
z 
C 
w,,I • 
...A 
C 
= z 
z 
C 

40 - N • 69,876 

20 -

0 

1000 -

800 -

600 -

400 -

200 -

0 
1 z 3 4 5 

A REA 

Figure 10-2. Annual mean catch of fishes per trawl sample by 
number and by percent for each study area, 1973-1974. 
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Peak bimonthly catches varied among the five areas during the 
biological year. During October and August, the trawl catches in 
East Bay (control) exceeded the return from the other areas 
during October and August (Appendix 10-3). Conversely~. the 
catches in Escambia Bay (Area 1-3) in December, February, and 
June generally exceeded the catches from the control area (Area 
5). December catches were composed largely of pelagic species, 
whereas in June, the majority of fishes.were those that typically 
inhabit the benthic environment. In August, low levels of 
dissolved oxygen (0.0 to 6.5 ppm) near the bottom were 
responsible for the smallest catches of the year at the stations 
in Area 1-3. 

Among the four seine stations, the largest annual catch (945 
individuals) occurred at Station A (Area 1) largely due to the 
occurrence of several menhaden schools at the seining site in 
October 1973 (Appendices 10-4 and 10-5). Disregarding the catch 
of juvenile Gulf menhaden, there essentially was no difference in 
the catches among these stations. Seine collections supplemented 
the list of species from the shallow shoreline habitat, but these 
data were not employed in making comparisons on catch-per-unit
effort with other estuaries. 

seasonality 

Usually, the seasonal occurrence of two or three species 
dominated the bimonthly trawl collections (Appendix 10-3). For 
instance, incoming postlarval and juvenile Gulf menhaden and the 
resident bay anchovy accounted for 79 percent of the total catch 
in February. In June, juvenile spot and Atlantic croaker were 
the most abundant fishes in the bay and represented more than 
half of the catch. Juveniles of these two species, which we~e 
members of a new, incoming year-class, were first captured in 
December. 

Among 
dominant 
February 
entering 
salinity 

the clupeid fishes, the Gulf menhaden was seasonally 
in the bayou and delta tributary stations (Area 4) from 

through June (Appendix 10-3). Young menhaden, upon 
the estuary, initially seek out brackish waters within a 
range from 0.0 to 5.0 ppt. 

The major movement of larval fishes from the offshore 
spawning grounds in the Gulf of Mexico to Escambia Bay generally 
commences in November with the greatest influx occurring from 
January through March. Because of prolonged and often 
overlapping spawning seasons, young of various incoming year
classes reached their greatest abundance on the nursery grounds 
in early summer. Coinciding with the progressive decrease in 
water temperatures from October through December, most of the 
juveniles have migrated back to Gulf waters. This sequence is 
also applicable to most estuarine fish species across the 
northern Gulf of Mexico. 
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Distribution Records 

There were several new distribution records for the 
ichthyofauna of the Pensacola Bay system, as well as for Escambia 
Bay. Fishes collected for the. first time from the estuarine 
waters near Pensacola included the bluntnose stingray (Dasyatis 
sayi), violet goby (Gobioides broussonneti), freshwater goby 
(Gobionellus shufeldti), pink wormfish (Microdesmus lonqipinnis) 
(See Chapter 11), and least puffer . (Sphoeroides parvus) .. It 
should be noted that Bailey, Winn, and Smith (1954) collected 
Gobionellus shufeldti in the lower freshwater portions of the 
Escambia River. In addition, the single specimen of the violet 
goby represented the first time that this species had been taken 
along the west coast of Florida. This specimen, which measured 
287 mm SL, is cataloged as Accession No. 1913 in the museum of 
the . u.s. Environmental Protection Agency, Gulf Breeze 
Environmental Research Laboratory, Gulf Breeze, Florida. 

Fishes not previously reported from Escambia Bay included the 
gray or mangrove snapper (Lutjanus griseus), southern kingfish 
(Menticirrhus americanus), Gulf kingfish (~. littoralis), 
Atlantic spadefish (Chaetodipterus faber), guaguanche (Sphyraena 
guachancho) (see following section), Atlantic treadfin 
(Polydactylus octonemus, bighead se~robin (Prionotus tribulus), 
fringed flounder (Etropus crossotus), and striped burrfish 
(Chilomycterus schoepfi). 

Community Structure 

Among the five areas of the estuary, average . species 
diversity values, as calculated from the trawl data and expressed 
by the Shannon-weaver formula (H'), ranged from 0.707 to 0.923. 
The lowest annual diversity occurred in the upper reaches of 
Escambia Bay (Area 1), whereas the highest diversity was recorded 
from the control area (Area 5) in East Bay. Apparent 
dissimilarities among, at least some of the areas were not 
statistically significant, as indicated by an ANOVA test (F = 
0.922, p > 0.05). 

seasonal fluctuations in H' were apparent with the highest 
readings (mean, 1 ., 100) occurring in the summer months and the 
lowest (mean, O. 540) in the fall. The spring (April) and summer 
(June and August) and the fall (October) and winter. (December and 
February) diversity values formed two homogeneous groups which 
differed significantly from each other (Table 10-2). Seasonal 
shifts were largely related to the influx of larval and juvenile 
fishes (both species and numbers)· into the estuary during the 
spring -and the exodus of young fishes in the fall. Annual cycle 
of H' from three habitats (Escambia Bay, Bayous and River, and 
East Bay) paralleled each other (Figure 10-3). 

Past pollution studies have established, as a general rule, 
that with an increase in distance from the point sources, there 
is a corresponding increase in diversity, i.e., community 
structure. Although.the H' values from the three stations on the 
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1abl~ 1~ - 2. Seasonal means and significance o[ species diversjty 
i1/Uces as dett1rminect by StudE:?n t-Ncu;Hn-Keuls ;nul tiple ranqe test. 
Mean~ not underlined are significantly different from each other 
at the 95 ~ercent level of contidence. · . 

----------------------------------------------------------------
riversity index Fall Winter Sprin~ Surnm~r 

-------------------------------------------------------------------
H' 0.54C 0.599 1 • '.'.' 56 1. 1~') 

r c,. 61 o J. 7 '.JS 1. 1 32 

J C.365 .:.351 0.6-)6 0.564 

-------------------------·-----------------------------------------
eastern side of Escambia Bay were homogeneous, a plot of the 
annual mean values showed the presence of a diversity gradient, 
which increased from a value of 0.76 in the upper bay to 0.98 in 
the lower bay. The H' values of Stations III, VI, and VIII, and 
the distance of these stations from the discharge points, are 
plotted in Figure 10-4 with statistics on sampling variations. 
Presumably, the inhibitory or toxic effects of industrial wastes 
in the upper bay were responsible for the depression of species 
diversity. · 

"Species richness" diversity (D) is more a measure of the 
addition or subtraction of species than of changes in abundance. 
Thus, seasonal movements should be reflected more often in D, 
than in H', values. This interpretation agrees with the 
observations of McErlean, et al. (1973). 

The seasonality of D was shown by the low values in the 
winter which steadily increased during the spring and summer and 
peaked in the summer (Figure.10-5). Multiple range tests showed 
that the fall through winter seasons were homogeneous and 
significantly different from the summer period (Table 10-2). 

"Species richness" values for the three areas of Escambia 
Bay, bayous, and East Bay did not differ significantly from each 
other. However, environmental stress in Escambia Bay may account 
for the lower species values in that bay in comparison to East 
Bay. 

The "evenness" index (J) in regard to the three estuarine 
areas was non-significant. However, the J values tended to be 
higher in East Bay than in Escambia Bay and in the bayous (Figure 
10-6) • 

10-12 



IA.I 
:::, 
..J 
ct 
> 
)( 

"" Q 
z 

I. 4 0 

I. 2 6 

1.00 

0.80 

0.6 0 

0. 40 

·-- .. •·-·-·-· .. r --.J. I . •• . 

I 
I 

I 
I 

I· 

I I 

I . 
I I \ i ,~ 

\ ' , . 

\. ,· . . 
\ , :·, '·,· 

' \ . ,· __ ..,..-,.-•-• 
\ I 
\ I 
'\ I 

ESCAMBIA BAY e ·e 
EAST BAY 6----.-6 

" 
BAYOUS ANO 

RIV ER •·-·-·~ 
0 .. 20 ---------------~------------

OCT DEC FEB APR JUN AUG 

MON.TH 

Figure 10-3. Temporal distribution of species diversity index 
(H') in three estuarine areas, 1973-1974. 

10-13. 



>-
1-

1.5 

1.2 

~ 0.9 
UJ 
> 
0 
...J 
cf 

~ 0.6 
z 
cf 

z 
cf 
UJ 

:I!: 0.3 

Station ::lZIII 

Station :sz::r::. 

Station ::rn::: 

o.o--""T'-----------.-----------
0 8 16 

DISTANCE FROM POLLUTION SOURCE ( km l 

Figure 10-4 •. Relationship between species diversity (H') and 
distance of three stations (1.6 km= 1 mile) from major point 
sources of pollution in Escambia Bay. 

"' ::::, 
...J 

"' > 

>< 
Ill 
Q 
z 

1.40 

1.20 

• 
1.00 

.... 
0.80 

0.60 

0.40 

, 
, •' 

I 

.... , 

_ .. . . ---- .... .. 
I .,• 

I •"' 
I ... 

I I 
I • 

I I 
I I 

I • 
I I , . 

' ... ....... E.SCAMBIA BAY e • 
EAST BAY 

BAYOUS AND 
RIVER 

•-----• 
•·-·-·--

o. 20 ...... -----------...... ---...... ----------
OCT DEC FEB APR JUN AUG 

MONTH 

Figure 10-5. Temporal distribution of species diversity index 
(D) in three estuarine areas, 1973-1974. 

10-14 



The seasonal aspects of "evenness" index (J) were apparent, 
with the lowest values occurring in the fall and winter and the 
highest in the spring and summer (Table 10-2). Thus, the 
relative·species abundance was significantly different during the 
warm months in comparison to the colder periods. 

Seasonal increases in both ·.the D and J indices paralleled 
similar changes in H' diversity. It was evident that the higher 
H' values reflected increases in both the number of species, as 
well as their relative abundance. This observation is contrary 
to those of Dahlberg and Odum (1970), who, during a survey of the 
fishes in a Georgia estuary, found that "species richness" (D) 
was homogeneous with respect to seasons. Along the Gulf coast, 
both juvenile and· adult fishes evidently exhibit stronger 
migration responses than do the Georgia species • 

. Environmental Relationships 

It is always of interest to inquire into the possibility that 
the distribution of fishes may be influenced by various 
environmental factors. For instance, fishes must be able to 
tolerate continual shifts in salinity due to tidal flow. At the 
time of sampling with the otter trawl, salinity values ranged 
from 0.0 to 32.0 ppt. The lowest salinities occurred in February 
and April in the bay due to heavy rains; the highest salinities 
were recorded in December. Freshwater flow from the Escambia 
River and delta tributaries influences the salinity g radi~ntr 
which gradually increases from the upper to the lower reaches of 
the bay. Erratic catches of estuarine fishes at Station I near 
the mouth of the S1mpson River were attributed to.abrupt changes 
from highly saline conditions in December to freshwater 
conditions in· February and April. salinity and temperature 
values at four typical trawling sites (Stations III, IV, VI, and 
VIII) are depicted in Figure 10-7. 

Environmental variables (bottom readings) consisting of 
salinity, temperature, sediment organic content, principal 
nutrient index (PNI), and dissolved oxygen were tested 
statistically against the numerical catch. None of these six 
variables was significantly correlated with fish numbers. The 
fact that salinity has no significant influence on the total 
distribution was not entirely ,mexpected, since most estuarine 
fishes ar·e euryhaline, i.e., they possess physiological 
adaptations which permit survival during wide fluctuations_ in 
salinity~ · 

Among the above variables, species diversity (H') was 
significantly correlated only with PNI (r = -0.470, p < 0.01) and 
temperature (r = 0.327, p < 0.01). Water temperatures paralleled 
the seasonal cycle of H' diversity. The "principal nutrient 
index" (PNI) combined total nitrogen, total phosphorus, and total 
organic carbon into a single value (Refer to Chapter 8). The 
presence of a high PNI had a negative effect on species 
diversity, whereas a low PNI improved H'. Multiple regression 
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analysis revealed that nutrients contributed 42 percent to the 
variance of species diversity and temperature contributed 24 
percent. The remaining 34 percent of the variance was reiated to 
undetermined factors, such as biological interactions. 

Shrimp Distribution 

During the survey in Escambia Bay, the penaeid catch was 
composed of 75 percent brown shrimp (Penaeus aztecus), 17 percent 
white shrimp (f. setiferus), and 8 percent pink shrimp (P. 
duorarum) (Appendix 10-6). Brown and white shrimp are also the 
dominant species in other estuaries of the northern Gulfo The 
low percentage composition of pink shrimp in our catches was 
expected since the Pensacola area is on the northern fringe of 
its distribution. Major concentrations of pink shrimp are 
located off the southwestern coast of Florida (Farfante, 1969). 

The average sample catch was 3.9 penaeid shrimp per trawling 
effort during 197 3-1974. Again, as in the case of the · abundance 
of fishes, the largest collections were taken in the productive 
bayous (Area 4) with an average catch of 7.0 shrimp per trawl 
sample (Figure 10-8). However, none of the catches among the 
five areas (Area 1-5) was statistically different from each other 
(F = 1.84, p > 0.05). The homogeneous catches from the upper, 
middle, and lower reaches of Escambia Bay indicated that 
distribution of the shrimp was not related to the major point 
sources of pollution in the upper bay. 

Shrimp were most abundant in June when the average sample 
catch was 10.3 individuals (Appendix 10-7). In fact, over half 
the total shrimp catch was caught during the June survey, which 
coincided with the peak bimonthly catch of fishes. 

Commercial shrimp landings provide an indirect method of 
evaluating past and present conditions within a given bay and 
among bays. Since the bottom area of various bays differ, the 
only valid comparisons are provided on a catch per-unit-effort 
basis; in this instance, the calculated poundage per trip. A 
single trip is reported for each voyage. Pounds of shrimp are 
reported as heads-off weight (U.S. National Marine Fisheries 
Service, 1964-73). 

In the estuarine waters near Pensacola, the shrimp landings 
declined sharply in 1969 and collapsed in Escambia Bay and East 
Bay in 1970. In Escambia Bay, the annual five-year catch 
decreased from 150 pounds per trip during 1964-68 to 57 pounds 
during the 196~-73 period, a decline of 62 percent (Appendix 10-
8). During the same period, the number of fishing trips dropped 
by nearly two-thirds. In both East Bay and Pensacola Bay, the 
average catch per trip declined by 94 and 83 percent, 
respectively, during the second five-year period compared with 
the 1964-68 period (Appendices 10-9 and 10-10). The total value 
of the shrimp catch in the Pensacola Bay system decreased from 
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342,421 dollars per year (1964-68) to 89,352 dollars per year 
(1969-73), an average decline of 74 percent (Figure 10-9). 

The decreased yields apparently were not-a reflection of weak 
year-classes, since the annual catch per trip in Choctawhatchee 
Bay remained essentially unchanged between the five-year average 
catch in 1964-68 and in 1969-73 {Appendix 10-11). Choctawhatchee 
Bay, which served as a control area, is a relatively non-polluted 
estuary about 40 miles east of Pensacola. Thus, the decline in 
the commercial catch in the Pensacola Bay system was attributed 
to the polluted status of the bays. 

Fish kills 

Recurring fish kills have occurred in the bays, bayous, and 
rivers in the Pensacola Bay system since the late fifties. In 
the five-year period from 1970 through 1974, 166 individual kills 
were recorded, mainly ,from estuarine waters. Of this total, 81 
(49 percent) of the fish kills occurred in the Escambia Bay sub
system, 15 (9 percent) in the East Bay sub-system, and 70 (42 
percent) in the Pensacola Bay sub-system (Table 10-3 and Figure 
10-10) • 

Traditionally, the most frequent kills have taken place in 
the eutrophic waters of Escambia Bay and contiguous waters. 
Since 1970, 30 kills (37 percent) occurred in the open waters of 
the bay, while the remainder (63 percent) took place in a total 
of 13 separate protected areas adjacent to the bay (Table 10-3). 
For instance, nearly one-fourth of the kills in the Escambia Bay 
sub-system occurred in Mulat-Mulatto Bayou complex, which is near 
the industrial outfall area. semi-enclosed bodies, such as this 
bayou complex, often have restricted entrances which tend to 
impede water circulation and confine the buildup of pollutants to 
the waterway. 

During the past five years (1970-74), more than half of the· 
fish kills occurred during the summer months and nearly two
thirds of the kills happened from July through September 
{Appendix 10-12) • The seasonal increase in the temperature of 
the waters coincides with the frequency of kills~ High 
temperatures accelerate metabolic rates and lower dissolved 
oxygen levels, which create additional stresses on the aquatic 
environment. Conversely, few kills (less than two percent) were 
recorded during the cold winter months (December through 
February). 

Pollution-caused fish kills have been attributed to excessive 
levels of nutrients, toxic metals, sewage, pesticides, and other 
industrial by-products. Eutrophication stimulates high algal 
production (or blooms) during the summer which, in turn, often 
causes the depletion of dissolved oxygen concentrations during 
the night. Low dissolved oxygen levels were believed to be the 
main cause of death, particularly among menhaden. Other kills 
were attributed, either alone or synergistically, to industrial 
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chemicals, pesticides, and other toxic substances. Hansen and 
Wilson (1970) found that residues of DDT and its metabolites (ODD 
and DOE) sometimes reached levels up to 1.3 ppm in many estuarine 
fishes from ~scambia Bay and Pensacola Bay. Determination of the 
exact camie of fish kills in Bayou Chico was compounded by 
stresses due to the presence of phenols, oils, resins, and heavy 
metals. The major pollutant in Bayou Texar was domestic sewage 
which had repeatedly ov~rflowed from an upstream lift station, 
but runoff from residential lawns and from nearby shopping center 
parking lots also contributed stresses. 

In 1972 in Escambia Bay, a chronic fish _kill, mainly 
menhaden, was attributed to a nonhemolytic streptococcus 
infection (Plumb, et al., 1974) • · They felt that environmental 
stresses had lowered the resistance of the fishes, thereby 
increasing their susceptibility to infection. No characteristic 
symptoms of this streptoccocal disease, such as saddle-shaped 
discolorations on the dorsal and lateral surfaces of the fishes, 
were observed during any of the kills in 1973 and 1974. Although 
bacterial and parasitic infections may at times cause death in 
isolated fishes, these organisms are seldom the cause ·of large
scale kills in nature. 

Numerous dead and dying fish and crustacean species were 
observed during various kills. Most _mortalities were multi
species kills. However, deaths of Gulf menhaden, often 
mistakenly called the alewife in the Pensacola area, occurred in 
more fish k1lls than any other species. In fact, many extensive! 
kills in which thousands of individuals died, might more aptly be 
called "menhaden kills." The estuarine-dependent nature of this 
species, its planktonic food habits, preference for low salinity 
waters, schooling behavior, and apparent inability to withstand 
moderately low levels of dissolved oxygen for short periods, are 
conditions that contribute to the concentration of menhaden in 
bayou areas, where the majority of kills have occurred since 
1970. Other species frequently occurring in various kills 

_ included striped mullet, Atlantic croaker ( locally known as 
: .. ronker), spotted seatrout, spot, pinfish, sea catf_ish, 

sheepshead, crevalle jack, sand seatrout, tidewater silverside, 
bay anchovy, various flounders, and shellfishes, such• as blue 
crab and penaeid shrimps. During the period· from 1968 through 
1971, large adult fishes, transients from the Gulf, such as the 

'bluefish (Pomatomus saltatrix), crevalle jack, ocean sunfish 
(Mola IOOla), as well as a bottlenose dolphin, were often 
associated with late summer and fall kills in the open bays 
·(William T •. Young, personal communication). 

In 1974, only five fish kills occurred in Escambia Bay and 
adjacent bayous (Table 10-3). These were: (1) a chronic kill, 
mostly adult striped mullet, that occurred throughout the open 
waters of Escambia, East, and Pensacola Bays from mid-April until 
early June; (2) an acute, multi-species kill was investigated iP. 
Mulat Bayou on June 14; (3) several species died in a small kill 
in the upper northwest corner of Escambia Bay on June 27; (4) an 
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acute, single species .kill of juvenile Gulf menhaden in the south 
entrance canal to·Mulatto Bayou also on June 27; and· (5) an 
acute, multi-species kill off the Florida town Beach .. in the 
northeast corner of Escambia Bay on September 3. 

During the prolonged mullet kill, prevailing.winds and waves 
caused dead fish to drift towards the windward side o~ the bays. 
we were unable to obtain any distressed fish for a _ :critical 
examination. It was estimated that 10,000 to ·15,000 fishes, 
mostly striped mullet, perished during April and May. All of the 
mullet Were adult individuals; many were in the 0.9 to 1.4 kg 
(2.0 to 3.0 lbs) size range. 

Altoough the cause of the kill wa,s not established, the 
commencement of the mullet die off occurred concurrently with a 
spill of sodium thiocyan·ate from industrial waste ponds on April 
13 and again on April 30. Subsequently, all 58 water samples, 
that were collected throughout Escambia Bay and East Bay on May 
7, contained concentrations of thiocyanate ranging from 0.02 to 
1.70 ppm (mean, 0.28). However, no cause and effect relationship 
could be shown between the striped mullet kill and the 
thiocyanate. 

The second and third kills during 1974 in Mulat Bayou and 
Escambia Bay, respectively, were both small kills. In Mulat 
Bayou, around 4,300 fishes-were found on the beach, as well as 
floating in the water. The species composit~on of dead fishes 
was 80 percent juvenile Gulf menhaden, with the rest composed of 
Atlantic croaker, sand seatrout, and a single striped rrullet. · A 
lack of dissolved oxygen following a phytoplankton bloom caused 
the kill. No specific cause was found for the kill in Escambia 
Bay (third) which involved about 55 individuals (longnose gar, 
striped mullet, crevalle jack, and ladyfish). 

Approximately 50,000 juvenile Gulf menhaden died in the 
fourth kill of 1974 in Escambia' Bay at Mulatto Bayou. Death was 
attributed to low dissolved oxygen concentrations. The morning 
following the kill, oxygen levels were still depressed in the 
bottom waters; at six of eight locations throughout the south 
entrance canal, oxygen concentrations were between 0.2 and 3.9 
ppm. Two conditions that contribute to the low oxygen levels are 
the submerged borrow pits and dead end finger canals. 
Livingston, et al., ( 19·72) described the environmental impact of 
dredging in this area. 0 

• 

In the fifth fish kill· of 1974 in Escambia Bay at 
Florida town, approximately . 3,000 fishe~ and crustaceans, 
distributed amqng 11 species, perished in September. The species 
composition and estimated percent occurrence of the organisms 
were as follows: 
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Species Percent occurrence 

Spot 
Atlantic croaker 

80 
10 

Bay whiff----------------} 
Southern flounder 5 
Hogchoker . 
Gulf menhaden 
Sea catfish ~ 
Tidewater silverside 5 
Stingray (Dasyatis sp.) 
Blue crab. 

Although this fish kill was near the industrial outfall area, no 
specific cause could be determined for the mortality. 

A gradual reduction in the frequency, as well as the 
magnitude, of the kills in the Pensacola Bay system has taken 
place in the past five years (Figure 10-11). Overall, the number 
of kills per year have declined from 56.to 14, a decrease of 75 
percent. The occurrence of major kills peaked in 1970, ~hen over 
59 million individuals were estimated to have died (Appendix 10-
13). By 1974, fewer than 200,000 fishes perished during the 
year. Fish kills in Escambia Bay and adjacent waters have shown 
a dramatic decline of 86 percent since 1970. Similar encouraging 
trends were also noted in the waters of East Bay and Pensacola 
Bay sub-systems. 

Freshwater Sport Fishery 

An active freshwater sport fishery is located in the lower 
Escambia River and delta tributary streams. The major source of 
data on this fishery was obtained during two creel surveys 
conducted by members of Bream Fishermen Association (BFA) from 
April 25 through May 30, 1970 (Hixson, Niven, and Hopkins, 1971) 
and from May 4 through June 2, 1974 (W. Carroll Hixson, personal 
communication). The survey area extended from the mouth of the 
·Escambia River northward to the township of Molino, Florida, 
which represents approximately 80 miles of fishing waters·. 

The dominant group of fishes in the creels were sunfishes 
(Centrarchidae). Representatives of this family, in decreasing 
order of abundance, included bluegill (Leeomis macrochirus), 
redear sunfish (~. microlQEh~§), warmouth (~. ~ulosus), spotted 
sunfish (~. punctatus), longear sunfish (~. megalotis), 
largemouth bass (Micropterus salmoides), and black crappie 
(~xis niqromaculatus), which accounted for over 90 percent -of 
the total catch in 1974. Other fishes in the creel included 
bowfin (Amia calva), catfishes, gars, chain pickerel (~~Q.~ 

niger), and several estuarine fishes from the tidewater ·portion 
of the river. 

From a preliminary analysis of the creel survey data, it was 
apparent that, overall, few changes have occurred in the fishery. 
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Figure 10-11. Annual distribution of fish kills in Escambia Bay 
subsystem and total Pensacola Bay system, 1970-1974. 
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Similar catch rates ~ere recorded with 0.94 fish per fishing hour 
in 1970 and 1.06 fish per hour four years later (Table 10-4). 
Catch rates are reliable indicators of an~ling success. No 
abrupt gains or losses occurred in the percent occurrence of 
individual species in the creels. However, the occurrence of the 
three most popular sport fish (bluegill, redear sunfish, and 
largemouth bass), as a group, shifted from 81 percent in 1970 to 
62 percent in 1974. The meaning of this shift is unclear, but 
the 1ownward trend was alarming. The spring season is considered 
one of the better fishing periods, when fishermen seek out the 
productive spawning areas, such as 'the "shellcracker beds" in 
Thompson Bayou (now a refuge area), Ferry Pass Bayou under 
Highway 90 bridge, and marsh grasses near the mouth of the river 
(Hixon, Niven, and Hopkins, 1971). The similarity in fishin~ 
pressure during both surveys indicated that the fishermen's 
attitude toward the river remained essentially·unchariged during 
the first half of the 1970 decade. 

Biology of Major species 

Gulf menhaden (Brevoortia patronus) 

A total of 14,804 Gulf menhaden, the second most abundant 
species in the bay, was collected during our survey. This annual 
catch consisted of 9,305 individuals that were caught with the 
trawl and 5,499 with the seine. The average trawl catch was 65.4 
individuals in the upper Escambia Bay, 11.2 in the ·middle ._bay, 
10.6 in the lower bay, 22.1 in East Bay, and 231.9 in the bayous 
and river. The largest catches of juvenile fish occurred in 
February and April. 

The life history of the Gulf menhaden is well-known (Gunter 
and Christmas, 1960; Fore, 1970; Fore and Baxter, 1972; and 
Tagatz and Wilkens, 1973). In Escambia Bay, members of the 1973-
74-year-class were captured from December through April, which 
verified the winter spawning period of this species. After the 
juveniles had spent approximately 6 to 10 months (depending on 
the date of entry) in the estuarine nursery, they had grown to 92 
to 137 mm (mode, 122 mm) in length (Appendix 10-14). The 
emigration of this species to offshore waters coincides with the 
commencement of the adult spawning season. 

Gulf menhaden
1
fishery is the most valuable finfish fishery in 

the Gulf of Mexico. In 1973, 486,555.6 metric tons, valued at 
44.6 million dollars, were landed in the northern Gulf (U.S. 
National Marine Fisheries service, 1974). By-products from 
menhaden, a non-edible fish, include fish meal, oils, and 
solubles. Processing plants in the northern Gulf are located in 
Louisiana and Mississippi coastal waters. A former plant at 
Appalachicola, Florida ceased operations following the 1969 
fishing season. There is no active menhaden fishery in the 
Pensacola area, which accounts for the minuscule landing (200 lbs 
in 1973) in Escambia county. 
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1able 10 - ~. Summary of two creel survays of freshwater sports fisb~ry 
011 tha lower Escambia River, April 25 to May 3 0, 1970 and May 4 to 
June 2, 1974 •. 

-------------------- -------------------------------------------------
Item 197'.) 1974 

NumLer of fishiny t-1ar ties 760 751 

Average numuer of fishermen per party 2.O~ 2.01 

NumbPr of man-hours spent fishing 9251 87 30 

Tota 1 nu:nl:ler of ti shes caught 86 71 9 223 

Average catch per man -hour I). 9 4 1. 06 

Meuian c:1tch per: 111a11-hour l;.69 C. 73 

Cata supplied by w. Carroll Hixson, BFA 
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Atlantic bumper (Chloroscombrus chysurust 

The Atlantic bumper, a non-commercial spe~ies, was 
abundant carangid in the collections from the bay. 
62.5 were taken in the trawl collections and 299 in 
hauls. . The. occurrence of these fish showed a 
distribution; over 60 percent were caught in East 
remainder in Escambia Bay, and none in the bayous. 

the m::>st 
A t::>tal of 
the seine 

disjunct 
Bay, the 

Young of £· chysurus moved into Escambia Bay during the 
summer. and re-entered the Gulf with the. onset of cooler 
temperatures in the fall. Length-frequency distributi::>n showed 
that the population consisted entirely of juvenile· individuals 
(Appendix 10-15). Most of the population was present only from 
August until October. MacFarland (1963) previously reported that 
this species was absent from Texas waters during the fall and 
winter months. 

Sarid seatrout (Cynoscion arenarius) · 

This species was the sixth most _ab11ndant species i~ our 
catches. Of the total catch of 1,620 individuals, 1,587 ~ere 
taken in trawl collections·arid 33 in seine h~uls. The a~erage 
trawl catch was 6.8 specimens in Escambia Bay, 9.6 in East Bay, 
and 30.5 in the bayous and river. Distribution was widespread 
throughout the estuary and specimens were taken in all sampling 
months. In a survey of fishes in Alabama estuaries, Swingle 
(1971) found that cynoscion arenarius was the eighth most 
abundant species in his collections. 

Length-frequency distribution of sand seatrout showed that 
there was a wide size-range in this estuarine population 
(Appendix 10-16). Analysis of our data confirms the prolonged 
spring and summer spawning season of ~his species. 

Sand seatrout and probably a few silver seatrout (£. noth~~) 
_constituted approximately five percent of the: composition of the 
industrial bottomfish catches in the northern Gulf of Mexico 
(Roithmayr, 1965). In 1973, 195,590 lbs were.landed in Escambia 
County, which represented 8.8 percent of the total landings along 
Florida's west coast. 

Spotted seatrout (Cynoscion nebulosus) 

Eleven spotted seatrout were taken with trawling gear and two 
with seine. Trawl collections occurred in Areas 2, 4, and 5; the 
largest number were taken in the bayous. Most of the catch 
consisted of young fish. Few adults were taken as they are more 
readily caught in gill and trammel nets. The loss of grass 
flats, an essential habitat for the young, severely limits the 
production of this species in Escambia Bay. 

The spotted seatrout often spends its entire life cycle in 
the estuary. This species spawns at night in the deeper holes of 
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bays, lagoons, and sounds over grass beds (Tabb, 1966)". Spawning 
occurs in Florida waters when spring water temperatures reach 
25.5°c (78°F). Following spawning, the fertile eggs are demersal 
and are found attached to submerged vegetation and debris. 
Hatching period lasts several weeks. Tabb (1966} reported that 
at six to eight weeks, juveniles form schools and this schooling 
behavior · persists until the age of five to six years, at which 
time the adults acquire a semi-solitary existence. - The bulk of 
this predator's diet consists of forage fishes and penaeid 
shrimp. Spotted seatrout are basically non-migratory, but they 
will move offshore to escape winter cold and sudden drops in 
salinity. 

Spotted seatrout, or "speck", is a favorite of sp~rts 
fishermen in the Pensacola area. Artificial lures, live .pinfi~h, 
and live shrimp are the most popular baits. After an absence of 
several years, this species is again bein~ caught near the 
railroad trestle in Escambia Bay. No records are available on 
sport fishing harvests. 

C 

The west coast of Florida produced an annual commercial catch 
of 2.3 million pounds from 1969 to 1973. The average landings 
from Escambia County during the same years were almost 70,000 
lbs, or 3.1 percent, of west coast landings (Table 10-5). The 
1973 poundage (89,528 lbs) in Escambia county represented nearly 
a three-fold increase over the low returns in 1966.and 1967. 

Spot (Leiostomus xanthurus) 

The spot was the second most abundant species in our 
bimonthly survey. A total of 13,997 individuals were taken by 
trawl and 171 by seine. This species constituted approximately 
20 percent of the total trawl catch. Specimens occurred 
throughout the estuary, but were most abundant on the shallow mud 
bottoms at the bayou stations. The smallest catches were made in 
February, the largest in June. This species is abundant along 
both the Atlantic and Gulf coasts. Nelson (1969), while studying 
the biology of the spot in Mobile Bay, observed that the spot 
decreased in a~undance, moving from east to west in the northern 
Gulf. This westerly decline was in agreement with the comparison 
of our bimonthly catches from Escambia Bay, with catches in 
Mobile Bay, Alabama, and Biloxi Bay, Mississippi (Table 10-6). 

Spot, 15 to 25 mm, were first taken in December, and these 
members of 1974-year-class continued to enter the estuary until 
April. The length-frequen.cies of juvenile and adult spot taken 
during the bimonthly surveys are presente:i in Appendix 10-17. 
The Spawning season lasts from December_ through March, which 
agrees with Swingle•s (1971) findings from Mobile Bay. During 
the fall months, the adults emigrate to offshore waters in 
preparation for the spawning season. 

Along the Gulf coast, the spot is not an important food fish, 
as it is along the Atlantic Coast. .However, in the/•Gulf of 
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!able 1C - 5. Summdry of cow~ercidl landings of spotted seatrout, Cynoscion 
nFbul:>sus, <1lo11g t11l~ w .;st coast of F loriJa 3.nd Escambia County t rom 196 4 
thr_ou::,h 1g1J. 

Year 

1964 

1965 

1966 

1967 

1968 

1969 

191 a 

1971 

197 2 

197 J 

Annual avg. 

Five-year average 
(1964-1968) 

Five-year average 
(1969-1973) 

Landings_, 

-------------------------------Fla~ west coast Escambia Co. 
(lbs)· ( lbs) 

2,798,659 75,8C" 

3,369, 726 4 S, ') 94 

3,173,816 31,611 

2,636,888 31,()74 

3,065,206 55,327 

2,418,704 52,437 

2,642,81:j 66,397 

1 , 9 6C, 866 o7,6-J6 

2,14C,127 72,812 

2,226,18:) 89,528 

2,643,298 5 3, 76? 

3,008,859 47,781 

2,277,737 69,756 

2ercentagc of wast 
coust la nd~ng_s 

2. 7 

1. j 

1. I) 

1. 2 

1 • ti 

2. 2 

2.5 

3,4 

3_. 4 

4 " . , 
2. 2 

1.6 

3. 1 

Table 1C - b. Comparison of th~ dVP.Ca<.Je bimonthly tcJ.wl .:.:at:::hes or .;:;pot trom 
thcee estuaries in the northern Galf o[ ~exico, 

3iloxi !Jay, ~iss. Mobile Llay, Ala. Escambia Bay, Fla. 
1%tl-69 (Christmas 1%8 (Swin-,:1le, 197.1-74 (pcesent 

Mont:~ i!nd r!alleL·, 1973) 1 ~!71) stuJy) 
-----------------Average catch/t:t~wl sample---------------------

------------------------------------------------ .------------------------------
Cctocer 7. : 6. 1 9 3. 7 

Decer.,oer C'. 5 96.7 2,. 6 

Febru.lry " r , . '; tHi. 7 I,.;.·-· 

April 3. l> 46.6 1) 2. 3 

June 13.5 22:.2 279, 6 

Au<.J ust C.5 6.9 42. 7 

Eimc.ithly av<::!rage 4 • 1 62. 9 1C 9, 4 
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'i:ablP 1':· - 7, Su111mary oi commercial laJ1Ji11-3s of ::;pot, L•:iostomi;s xanthurus, 
aloa';/ th.,- wc.~st coast ot flor:idc1 dnd :::sc,unbia :aunty, 1964 ttiroug:1 1973. 

----------------------------------------------------------------------

'tear 

La1;...1in,:is 

;·'la, w~st con.tit 
( lbs) 

:=:scam oi a. C::>. 
( lbs) 

Percentage of ~est 
coast landinys 

-------------------~ -------------------------------------------------------
1964 3S3,'.)7LJ 2~,431 'j. ':l 

196.5 314,516 15, E) 4.':l 

196 6 3!!8,350 11, 776 3. 4 

196 7 293,915 13,713 4, 7 

1968 311,396 2 4, 2-:. :i 7. 8 

196 9 297,319 J9,4.36 13. J 

1970 249, 7h4 61,313 24. 6 

197 ,. ~32,216 80,092 18. 5 

1972 245 8':l3 . , . 71,223 29. ·:, 

197 J 1d.l,2<J3 89,528 4],8 

lrnriua 1 averaye Y "2., 9 76 42,7(-2 14. 1 
. . ------------ -------------------------------------------------------------

Five-year.dver~ge 
~ 19 6t;-l96 ti°J 

Fiie~year ~vcrage 
(1969- 197 3) 

324,251 

2d1,7C1 

5. 3 

68,318 ~4. 2 

- . - • - 1_ ·----- .- -- ... ---- .. ------------------------------------------------

~able 10 - 8. Comparison of the average bimonthly trawl catches of Atlantic 
croaker, Micropogon undulatus, from three estuar:ie~ in the northern Gulf 
of Mexico •. 

----------------------------------------------- ._- ---------------------------
Biloxi Bay, Miss, tiobile Bay, i\la. Escambia Bay, Fla. 
1968-69 (Christmas 1968 (Swingle," 1973-74 (present 

l!onth and Waller,1973) 1971) study) 
- -- ~-- - ----- --- --Average ca tch/tra v_l sample- --- - --- - -- -- -- ------

--------------------------------------·--------------------------------------
Cctoher 2.8 6.8 1 ':'. 6 

.Cecember 2.0 9.9 4. 2 

February 4.5 889.3 1 9 • .:, 

April 55. ::J .. '244.6 9 8. 7 

June 268.5 209.3 1 ':IC. 1 

August 75.5 51. 9 41.G 

Eimcnthly average 68,0 235.3 60.6 

-----------------------------------------------------------------------------
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Mexico, this species constitutes a large portion of the 
industrial bottomfish fishery (Roithmayr, 1965). Along the west 
coast of Florida, the annual commercial catch from 1969-73 
averaged 281,701 lbs. The landings in Escambia County, during 
the same five years, av_eraged 68,318 lbs, or -24 percent of the 
west coast landings (Table 10-7). Spot landings have steadily 
increased in Escambia County since 1968 and represented nearly 
half of the Florida west coast landings of spot in 1973. 

Atlantic croaker (Micropogon undulatus) 

Atlantic croaker, the fourth most abundant fish in our 
survey, was evenly distributed throughout the study area. Of the 
total catch of 8,403 individuals, 7,915 were taken with the trawl 
and 488 with the seine. Specimens were taken at all salinities, 
from freshwater conditions (zero salinity reading with the 
salinometer) in the Simpson River in April to 29.6 ppt in the 
lower portions of Escambia Bay in August. 

The largest catches of M. undulatus were taken in June and 
the smallest in December in Escambia Bay, which paralleled the 
bimonthly catches in Biloxi Bay, Mississippi (Christmas and 
Waller, 1973). The high catches from Mobile Bay, Alabama 
(Swingle, 1971), possibly were indicative of an unusually 
successful year-class in 1968 (Table 10-8). 

Analysis of the length-frequency distribution for Atlantic 
croaker showed that new young-of-the-year were initially 
recruited into our trawl catches in December and continued to 
enter the estuary until April (Appendix 10-18). In Louisiana, 
Perret, et al., (1971) reported that incoming juveniles were 
encountered from October through April. Three age classes were 
present in Escambia Bay in June that had modal lengths of 77, 
139, and 227 mm. Adults generally leave the estuary during the 
colder 100nths. 

Since 1966, the catch of Atlantic croaker has become 
increasingly important to the commercial interests in Escambia 
county (Table 10-9). In 1973, almost two million pounds were 
landed in Escambia County, which represented 83 percent of the 
total landings of this species along Florida's west coast. 
Interest in harvesting Atlantic croaker has accelerated since the 
development of the bottomfish fishery (Roithmayr, 1965) and the 
use of large croakers for food. 

Striped mullet (Mugil cephalus) 

The striped mullet was the tenth most abundant species. 
Twenty-two were taken by trawl and 317 by seine. This species is 
an agile fish that usually eludes the trawl. The majority of the 
mullet catch consisted of juvenile fishes from the seine hauls 
along the sandy beaches of Escambia Bay. Mullet are found 
throughout the estuary, although the smaller juveniles .tend to 
concentrate along the shoreline of the bay and in the bayous. 
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!able 1~ - 9, SuITTmdry of commercial landings of 1tlantic croaker, ~icropogon 
un<lula.tus, along the west coast of Florida and Escambia County from 1964 
throu111 1973. 

196 4 

196 5 

1966 

1967 

1966 

1969 

197C 

1971 

197 2 

197 3 

Annual average 

five-year average 
( 1964-1968) 

Five-year average 
(1969-1973) 

Landings 

---------------------------------Fla. west coast ::scambia. Co, 
(li.1s) (lbs) 

64,596 1,123 

35,4&9 74 5 

49,889 2,'}36 

ti 7,228 57,)913 

146,980 77, :) 12 

409,694 221,387 

9)6,'.)75 6~1),17,} 

1 , J ,:· 3 , 5 2 2 762,632 

1,587,7b9 1,395,757 

2,357,172 1,95!1,92'.) 

667,8!11 5'17,58:3 

76',836 27,50] 

1,258,846 

Percentage of ~est 
coast laudinys 

1. 7 

2. 1 

4, 1 

65, 5 

52, 4 

54, '} 

o4,U 

76. ·J 

'37,9 

d2,9 

7 ,• ,, o. ,.. 

35, 9 

73, 4 

-------------------------------------------------------------------
Table 10-10. summary of commercial landings of s~riped mullet, Magil 

cephalus, along the west coast of Florida and Escambia County during 
1964 through 1973. 

----------------------------------------------------------------------------

Year 

Landings 

Fla. west coast 
(lbs) 

Escambia Co, 
(lbs) 

Percentaae of west 
coast landings 

----------------------------------------------------------------------------
19&4 34,995,616 771,598 2,2 

1965 31,367,895 &73,144 2,2 

196& 26,957,866 583,769 2.?. 

1967 23,283,184 617,637 2,b 

1969 25,473,111 812, 30.8 3,2 

-1970 23;138;324 1,098,278 4,8 

1971 23,817,999 853,184 · 3. 6 

2&,863,573' 
\ 

3.8 1972 1,016,167 

1973 26,653,642 921,664 3,5 

Annual average 26,291,4?.8 813,053 3. 1 

----------------------------------------------------------------------------
Five-year average 
(1964-1968) 

five-year average 
(1969-1973) 

27,393,527 

25,189,330 

685,786 ?. • 5 

940,320 3,5 

----------------------------------------------------------------------------. 
10-34 



Fish often observed jumping out of water in the estuary are 
generally mullet. 

The life history of striped mullet in Florida's waters was 
reviewed by Futch (1966). Spawning occurs offshore in the Gulf 
from October through February. Adult females may extrude from 
1.2 to 2.7 million eggs at a single spawning and fertile eggs 
usually hatch in 48 hours. Generally, ocean currents transport 
the postlarvae from the spawning ground to estuarine nurseries. 
In the fall, adults usually form large schools before returning 
to sea. 

The mullet is an excellent food fish and an active mullet 
fishery exists along both Florida coasts. Mullet are taken 
commercially by gill nets and by seines. A five-year average 
(1969-73) of over 25 million pounds was taken along the west 
coast of Florida. During the same period, an average of over one 
million pounds was landed yearly in Escambia county (Table 10-
10). Most of these fish came from local inshore waters. 

Spanish mackerel (Scomberomorus maculatust 

only three Spanish mackerel were taken in the trawl 
collections. They were caught in the middle reaches of Escambia 
Bay in October. All were juveniles ranging from 78-85 mm in 
length, which indicated that these specimens were spawned near 
the Pensacola area. 

Adults seldom venture into the lower salinity waters of 
Escambia Bay, but large schools were frequently observed during 
the summer and fall in Pensacola Bay and in the Gulf waters near 
the outer beaches where they are actively pursued by the sports 
fishermen. Spanish mackerel is not an estuarine-dependent 
species, but occasional usage is made of inshore waters. 

This species supports a valuable comnercial fishery in 
Florida waters. Along the west coast, the five-year (1969-73) 
average landing was 7,258,857 lbs with the largest catches 
occuring between Tampa and the Florida Keys. In Escambia county, 
the five-year catch from 1969-73 averaged 136;883 lbs, which was 
down from the 1964-68 period (Table 10-11). 

Discussion 

Much of this investigation was addressed toward answering 
several intrigui°ng but nonetheless interwoven and complex 
questions concerning the status of finfish and shellfish 
populations and their respective fisheries. How does Escambia 
Bay compare with other estuarine systems? There are no proven 
guidelines in the field of pollution-ecology for finding ans~ers 
to these questions in terms of absolute number, percentage, or 
rank. However, from a fisheries standpoint, it was evident that 
a valid appraisal of present conditions could be obtained by 
using selected biological indicators, whose status, although 
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1able 1: - 11, Surn~ary of coillmercial landings of Spanish mackerel, scomberomorus 
macul3tus, along the west coast of Florida an<l E~camhia County durin~ 1961.i 
throuJh 1973. 

1964 

1965 

1966 

1067 

1968 

1969 

1970 

1971 

197 2 

197 3 

Annual average 

Lundings 

F-la. west coast 
(lbs) 

3,879,384 

4,dl:l3,400 

7,004,241 

5,867,SGQ 

7 ,C•65,58d 

5,17U,574 

8,-)J9,947 

7,383,233 

t,532,300 

6,194,232 

6,499,440 

Escambia co. 
( lbs) 

2':·6,975. 

162,647 

27~,51.14 

241,1:.i-') 

14C,476 

174,651 

172,8')3 

65,61d 

89,111 

132,141 

1 7 J, 6?. 0 

Petcentage of west 
coast landin9s · 

5. 3 

'J. 3 

3. 9 

4. , 

2. : 

2. 1 

2. 2 

,j. 9 

1. 4 

2. 9, 

3. 0 1c 

--------------------. --------------------------------------------------
Five-year average 5,740, C23 2::4,356 4. :, 
( 19 64- 1 %8) (J 

Five-year averaeje 7,258, 85'7 136,893 1. 9 
11969-1973) 
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frequently in relative terms, often required the development of 
novel and innovative approaches in the comparatively new area of 
estuarine assessment and rehabilitation. 

Data were comparable on catch-per-unit-effort among estuaries 
when the other studies employed similar gear and sampling 
procedures. In Escambia Bay, the annual average trawl catch was 
568 fishes per 10-minute tow. This return was in agreement with 
other recent surveys in Gulf estuaries. Average catches in 
Alabama waters of 517 and 426 individuals were reported from 
Mobile· Bay and Perdido Bay, respectively (Swingle, 1971). Trawl 
catches from Biloxi Bay, Mississippi contained an avera~e of 664 
fishes (Christmas and Waller, 1973). The similarity in both the 
annual numerical catches and species composition revealed that 
Escambia Bay is functioning as a productive estuarine nursery for 
young fishes. It was not possible to obtain precise information 
on past abundances in Escambia Bay, since no comparable data were 
available. 

Diversity indices have been successfully employed in-the 
assessment of environmental quality (Bechtel and Copeland, 1970; 
and Wi lhm and Dorris, 1968) • of a number of possible formulas 
for the measurement of diversity, the Shannon-Weaver in1eK (H') 
has been employed with fish populations more often than any 
other. At present, the evaluation of diversity from one estuary 
to another has mainly relied on a comparison of ranges. During 
an investigation of the fishes in the more polluted portion of 
Galveston Bay (Bechtel and Copeland, 1970), the seasonal changes 
in H' (pooled) were O. 13 to O. 91, compared to a range of 1. 05 to 
~.75 in Escambia Bay. In the polluted estuarine secti~n of the 
lower Mystic River, which flows through downtown Boston,· seasonal 
diversity values ranged from 0.33 to 1.03 (Haedrich and Haedrich, 
1974}. The species composition of the trawl collections from 
Escambia Bay was composed of 48 species, whereas only 23 species 
contributed to the diversity of the Mystic River. The PatuKent 
estuary, a polluted waterway, had H' values from O. 2 to· 1. 2 
(McErlean, et al, 1973). In an essentially non-polluted estuary 
near Sapelo Island, Georgia, Dahlberg and Odum (1970; reported 
that species diversity (H') ranged from 0.7 to 1.8. 

Few annual pooled H' values appear in the literature. To 
make comparisons with Escambia Bay, it was necessary to calculate 
such values from the numerical totals of other trawl studies. An 
annual H' provides an objective, quantitative evaluation of 
environmental conditions not possible with range values that 
often overlap. Other advantages of an annual pooled H' are that 
it employs all the available data on species and numbers in the 
determination, compensates for chance sampling variations, and is 
adaptable for making comparisons. since H' is independent of gear 
selectivity and sample size. This is frequently not true of 
catch-per-unit-effort data. During the past five years, annual 
diversity values obtained from estuaries with dissimilar le~els 
of environmental quality were: 
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Location Pooled Annual 

Mystic River, 1.19 
Mass. 

Mobile Bay, 1.29 
Ala. 

Escambia Bay, 1. 63 
Fla. 

Vermillion Bay, 1.97 
La. 

Estuary near 
Sapelo Island, 2.10 
Ga. 

H' Source 

Haedrich and Haedrich (1974) 

Swingle (1971) 

Present study (1973-74) 

Perret and Caillouet~ Jr. 
( 1974) 

Dahlberg and Odum (1970). · 

Lower diversities were associated with polluted waters, whereas 
the higher values were representative of presumably undisturbed 
environments. The position of the pooled H' value from Escambia 
Bay indicated that pollution-oriented stresses still exist in the 
bay. 

The role of industrial discharges, particularly nutrients,· in 
estuarine environments is often difficult to ascertain. In 
Escambia Bay, species diversity was inversely related to nutrient 
levels. In other words, H' diversity was significantly depressed 
during periods of high PNI (nitrogen, phosphorus, and organic 
carbon content). To our knowledge, this was one of the few 
instances where the buildup of nutrients in a bay has been shown 
to have a measurable influence on ,community structure. Future 
scheduled reductions of these pollutants to the· bay should 
benefit this biological community. 0 

In addition to nutrient pollutants, both salinity and benthic 
grasses influenced the annual H' value. Salinities in Escambia 
Bay were at the lower half of the expected salinity range for 
temperate estuaries. A larger number of fish species normally 
inhabit the higher salinity portions of an estuary. This 
potential depression of annual_ diversity in Escambia Bay, ·due to 
location of the sampling sites in the upper reaches of·· the 
estuary and not to any statistical association between salinity 
and distribution, should be recognized when making comparisons 
with fish surveys conducted throughout an entire system. Since 

~ the surveys in Mobile Bay, Alabama (Swingle, 1971) and the 
estuary off Sapelo Island, Georgia (Dahlberg and Odum, 1970) fell. 
into this category, their annual valu·es of H • were apparently· 
somewhat inflated compared to Escambia Bay. 

Marine meadows are recognized as irreplacable habitats for 
numerous species. The loss of grass beds apparently due to toxic 
conditions and subseque~~ly, their faunal assemblages - in 
Escambia Bay largely accounted for the general absence of 
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pinfish, gobies, pipefishes, young of spotted seatrout, and 
decreased abundance of other species. Hoese and Jones (1963) 
stated that pinfish and penaeid shrimp were the major fish and 
invertebrate species with the greatest biomass in the grass 
communities of Texas bays. Thus, the depressed diversity was due 
partially to the absence of these typical grass bed inhabitants 
from the bay's faunal community. 

comparison of the sample shrimp data with catches in other 
Gulf estuaries provided an indication of the·condition of the 
shrimp grounds in Escambia Bay. For instance, Perret, et al., 
(1971) caught an average of 53.8 penaeid shrimp per trawl sample 
in Louisiana waters, 13 times greater than the averag~ catch from 
Escambia Bay. The species composition in Louisiana was 30 
percent white and 70 percent brown shrimp. In the estuarine 
waters of Mobile Bay, Alabama, the average catch (10.3 penaeids 
per collection) was 2 1/2 times the catch from Escambia Bay 
(Swingle, 1971). The small catches in Escambia Bay were 
indicative of the depauperate condition of the shrimp habitat. 

The disappearance of the shrimp fishery from Escambia Bay 
coincided with the initial discovery in 1969 of high 
concentrations of a polychlorinated biphenyl (PCB), known as 
Aroclor 1254, in the water column, sediments (up to 30.0 ppm) and 
tissues of shrimps (up to 14.0 ppm), fishes, and blue crab (Duke, 
Lowe, and Wilson, 1970; and Nimmo, et al.; 1975). The source of 
the PCB was an accidental spill which entered the effluent from a 
chemical plant on the lower Escambia. River. Nimmo, et al., 
(1971a) demonstrated that Aroclor 1254 was readily absorbed by 
penaeids from contaminated bay sediments. Laboratory bioassays 
showed that Aroclor 1254 killed juvenile pink shrimp at about 1.0 
ppb range in water in 15 days. Mortality of the less susceptible 
adults occurred at concentrations of 2.4 to 4.3 ppb (Nimmo, et 
al, 1971b). Adult shrimps were more sensitive to Aroclor 1254 
than were fishes. However, the larval sheepshead minnow was the 
most sensitive organism tested; few larvae survived PCB 
concentrations greater than 0.1 ppb (Schimmel, Hansen, and 
Forester, 1974) ~ 

Besides measurements of mortality (LC50), sublethal levels 
must be weighed in any consideration of harmful effects. 
Sublethal concentrations of PCB were shown to alter behavior, 
physiology (osmoregulation and enzyme systems), and cellular 
structures. Also, the bio-accumulation of a 2.5 ppb 
concentration of PCB in water by pink shrimp was 1,800 times in 
two days and 7,600 times in nine days, whereas spot concentrated 
PCB (1.0 ppm in water) 17,000 times in four weeks (Duke and 
Dumas, 1974). 

The synergistic effect of a man-made and a natural stressor 
was shown to cause mortality. PCB stress in brown shrimp 
(residues of 14 ppm) and the additional stress of low saline 
waters produced death (Nimmo and Bahner, 1974). Due to the 
diurnal tides in Escambia Bay, salinities are continually 
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shifting between the daily low and high periods. Nimmo and 
Bahner (1974) postulated that PCB residues found in feral shrimp 
from the Escambia estuary in conjunction with salinity stresses 
(such as that imposed in the laboratory) would have been lethal. 

No one should implicate Aroclor 1254 for being the sole cause 
of the shrimp decline in Escambia Bay. Circumstantial evidence, 
however, strongly suggests that PCB's and other unidentified 
toxic substances played a role in th~ degradation of shrimp 
habitat. Fortunately, since the 1969 spill,. PCB residues in the 
sediments.· . have.- shown· a_. 100-fold decline from former 
concentrations.· Low PCB concentrations in the sediments in 1974 
(Chapter 7) implied that this.persistent chemical may-still be 
suppressing the shrimp populations. '-

Creel surveys are recognized valid indicators of the status 
of a. "hook-and-line" .sport fishery, and thus by implication, of 
environmental-quality. However, this. biolo3ical indicator in 
1974 was largely unchanged since the 1970 survey in the lower 
Escambia'River. The yield to the average angler in 1974 remained 
roughly one fish per hour· spent fishing on the riv~r. This 
catch-per-unit-effort was low in comparison to many of. the other 
coastal rivers in northwest Florida and south Alabama. Since the 
resident fishes in the creel are, adult-sized individuals, an 
additional period of time apparently must pass before the gradual 
improvements in water quality (Chapter 8) will be reflected ih 
this freshwater fishery. Present status of the-fishery was aptly 
summarized by Hixson (persona-1 communication) when he stated, 
"The river continues to have a relatively bad reputation with 
local fishermen~" 

In summary, the status of finfish populations and fisheries 
in Escambia Bay were judged to be in an intermediate stage of 
recovery, whereas the shrimp nursery and fishery apparently were 
in an early· recovery. stage. Various biological parameters 
demonstra.ted that. environmental- conditions have undergone vast 
·i·mprovements during the past. five years. At present, fish 
populations are compatible with othe.J Gulf estuaries and .the bay 
is serving as a productive nursery for young fishes. Fish kills, 
visible indicators, of- . estuarine quality, documented the 
deplorable past and the improved present. However, the. continued 
·suppression of the· shrimp populations was apparently related to 
low concentrations bf toxic and nutrient materiils in the bay 
waters and sediments. In the water column, higher nutrient 
levels acted as stressors .. which limited the diversity of fish 
communities. Future recovery is largely dependent on reductions 
in these waste discharges. · The data base on fishes and shrimps 
will provide a sound, reproducible format for _the assessment of 
future trends, as well as needed guidelines for studies in other 
damaged estuarine ecosystems. · 
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FISH COMMUNITIES OF OYSTER-SHELL AND MUD BOTTOMS IN A 
POLLUTED ESTUARY WITH COMMENTS ON SUBSTRATE ALTERATION 

Introduction 

The degradation of estuarine waters in Escambia Bay was 
caused by the discharge of industrial and municipal pollutants. 
The subsequent deterioration of the aquatic environment has led 
to a reduction in the usage of the nursery areas by young fishes 
and pertaeid shrimps, to massive fish kills, and to reduced 
catches for both sport and commercial fishermen. 

A major biological value of estuaries is that they function 
as irreplacable feeding and growing areas for juveniles of 
important marine species, many of which are estuarine-dependent. 
It was felt that the alteration of the existing bottom sediments, 
such as the dominant soft, mud or compact, shell substrates, 
might provide a means of increasing the carrying capacity of the 
nursery grounds. Since there is no pertinent information on this 
topic in the literature, the objectives of this study were: 

1. to investigate the fish communities associated with mud 
and shell substrates in a polluted estuary, and 

2. to determine the feasibility of altering the bottom 
sediments to increase the utilization of the nursery 
grounds. 

Methods 

Description of Study Area 

This study was conducted in the middle reaches of Escambia 
Bay, the northwest extension of Pensacola Bay (Figure 10-12). 
Escambia Bay is relatively shallow and the bottom gradually 
slopes to a depth of 4.6 m (15 ft) in the middle. The freshwater 
flow from the Escambia River enters the north end of the bay; 
the south end is contiguous with Pensacola Bay. 

Two study areas were selected because, except for the bottom 
composition, they possessed several desirable similarities. A 
uniformly flat bottom with a water depth of 2.4 m (8.0 ft), as 
determined with a recording fathometer, characterized both areas. 
Their location in the middle reaches of the bay insured that a 
similar range of environmental factors, such as .salinity and 
temperature, were present at t_he time of sampling •. 

The oyster-shell and mud bottoms were the major variables in 
each habitat. The compact shell bottom was largely composed of 
fragmented and whole shells, with a few small clusters of live 
oysters scattered about. This shell area, on the east side of 
the bay, was on the fringe of a very productive and elevated 
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Figure 10-12. Study area and sampling sites in Escambia Bay. 
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oyster reef, which had been rehabilitated in 1971 Nhen the 
Florida Department of Natural Resources spread thick layers of 
clam (Ranqia cuneata) cultch on this formerly non-productive bed. 
The mud substrate area consisted essentially of soft, black mud. 

Sediment Analysis 

Characterization of the bottom sediments was perf~rmed by 
taking eight samples (three pooled grabs/sample) from each area 
with a weighted Ekman dredge. only the upper 2._0 cm of sediment 
were used in the analyses. Subsequently, the particle-size 
distribution was obtained by sifting the sediment through a 
graded series of sieves (U. s. standard Mesh Nos. 8, 10, 35, 120, 
and 230) and following the procedures described by Folk (1968). 

Sampling Procedure 

All fish collections were taken with a 
·trawl, which the shrimpers call a try-net. 
constructed of 1.9-cm, bar-mesh netting, was 
with a 0.64-cm, bar-mesh liner in the codend. 
30.5 m (100 ft) long. 

semi-balloon, otter 
The otter trawl, 

4.9 m (16 ft) wide, 
The tow line was 

A standardized sampling procedure was followed each month. 
The otter trawl was towed in a straight line for a period of ten 
minutes, using a 4.9 m fiberglass boat with an 80 hp outboard 
motor running at 2000 rpm. An average distance of 1400 m was 
covered during each tow. At the completion of the tow, the net 
was retrieved by hand. 

The monthly sampling effort was equally divided between both 
stations, a total of either four or ten tows (two or five 
collections/station) being taken in a given month. At each 
station, multiple tows were taken on parallel tracks and readings 
of water temperature and salinity were obtained with a 
salinometer. 

Larger specimens were processed in the field, whereas. the 
more numerous smaller individuals were preserved in 10 percent 
solution of formalin in sea water and later sorted, identified, 
and enumerated in the labora_tory. 

Names of fishes and phylogenetic arrangement 
recommendations of the American Fisheries Society 
al., 1970). 
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Results 

sediments 

sediment analyses provided a precise description of the two 
substrates. Almost 72 percent of the dominant components at the 
mud station were silt and clay (Table 10-12). By definition, mud 
is composed of the silt and clay fractions. No shell material 
was present at the mud station. At the other sampling area, 
oyster shell (whole and fragments) and an occasional clump of 
living oysters characterized the bottom. Shell material 
accounted for 74.1 percent of the sediment composition. Most of 
the clay and silt fractions were located near the south end of 
the sampling area where the shell fringe intergrades with a mud 
flat. Thus, it was quite evident that at each site, the major 
textural class adequately described the bottom habitat. 

Fish Collections 

A total of 22,611 fishes, representing 32 species and 18 
families, were tabulated from 58 trawl collections (29 
collections at each station) in Escambia Bay (Table 10-13). 

There was neatly a two-fold difference in the fish catches 
from the two stations. Sixty-three percent' ( 14,349 individuals) 
of the fishes were captured over the mud bottom, whereas 8,262 
individuals (37 percent) were taken in the trawl collections over 
the shell bottom. The yearly mean catches were 491 and 285 
fishes per trawl sample over the mud and shell bottoms, 
respectively ·(Table 10-13). There was a statistically 
sign'i f icant difference (t = 2. 11, p < 0. 05) between the mean 
catches over the two substrates. 

Table 10 - 12, Sediment composition at the mud dfid shell stations. 

--- ----------------------------------------------------------------------
Grain 
size (mm) 

Textural 
class 

Sediment co~~osition 
Mud station Shell station 

(%) (~) 

--------------------------------------------------------------------------
2.38 Granule (shell) ,:) • C 64.5 

2, 0 1 - 2.38 Granule (shell) .J.C 9.6 

0. 51 - 2. 0 0 Coarse sand 0.6 3.7 

0.126 - :>, SC Fine sand 8,9 18.0 

C.0626 - 0. 12 5 Very fine "sand 1d. 6 1,6 

0,0626 Silt .f::id clay 71. 9 2.7 

-------------------------------------------------------------------------------
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'lable 10 ... 13. c.:om.,:arisou of tbe number of fishes cduyht by otter trdwL over :,yst~r ... shc!Ll an1 au:l botto.;is in 
Escambia aay tro~ Octo~er 1~73 to September 197~. 

~pee i"'1S 

Layodon rhomboiaes 
1Piufisa1 

Eairdiella chysura 
!Silver perchl 

Cynosc:ion arenarius 
(Sa ad sea trout) 

cynoscioa aebulosis 
(Spotted seat.out) 

leiostomus xanthurus 
(Spotl 

Hicropo~on undulatus 
(Atlantic croakerl 

Polyd~ctylus octonemus 
(Atlantic threadfin} 

tricbiurus le~turus 
!Atlantic cutlJssfish} 

~cc~beromoru£ mdculat11a 
!Spanish mdckerell 

F~prilus al~pidotus 
(Ha1·v~stf isn) 

Citbaricbthys s~iloptprus 
(Bay whitt) 

EttOFUS ~rossotus 
(Friuyed (lound-,q 

Lepisostaus osseus 
(Longnosa gar) 

Erevoortia ~dtronus 
(Gult meuhadou) 

Har~~gula pensacolae 
(Scala sardine) 

Anchoa hapsetus 
(Striped anchovy) 

Anchoa m1teh1111 
(Bi\Y anchovy) 

Synodus foetans 
(Insnore llzardfl&hl 

Arius felis 
Is"• cattish) 

Carunx l,ippos 
(Cr-,va lla jack) 

Chlcrotico~Urus chrysurus 
(Atlantic buiDperJ 

Selene voc;;er 
(Locks o,n) 

Arcl10~drJus ~ronatocephillus 
(Shei?iJShcc10) 

Spho0roi1cs ~d[VUS 

{Led.f.t i,ur i,•r) 

Cth>2t spec1~s.(I 

Bot tom 
type 

mud 
shell 

mud 
sbell 

mud 
shell 

mud 
,;hP.ll 

mud 
,;hell 

mud 
shell 

ilUJ 

,;hell 

mud 
shell 

mud 
sh.all 

mud 
,;hell 

mud 
shell 

mud 
shell 

mud 
shell 

mud 
shell 

mud 
shell 

Oct. 

9 

mud 146 
shell 47 

oud •89 
shell 2~ 1 

mud 
shell 

mua 
shell 

mull 
,:;hell 

mu1l 
,;hell 150 

cua 
shl!ll 

mud 
shell 

mud 
srt~ll 

muJ 
shell 

Dec. 

2' 
22 

16 
1059 

116 7 
185Q_ 

?eh. /1dr. A(Jt. Nay June 

6 

15 
112 

131 
~q 

13 
4 

664 
598 

Number ot trdwl samples 

1a 

299 
63 

5~ 
39 

563 
68 

35d 
1t!8 

29o 
43 

271 
13a 

226 

1C-

111 
77 

774 
796 

7d5 
701 

.l 18 
12 

4Y4 
45 

3b 
3 

41 
80 

1644 
213 

396 
240 

81 
64 

11 
3 

305 
115 

5 
8 

. 1 

July 

1a 

92 
39 

996 
.5 

51 

71 
4 

& 

5 
7 

15 

2647 
487 

7 

52 
31 

2 

46 
1~ 

11 

., 

10 

76 
1 

12 
15 

1C 
4 

22 

s .. pt. 

4 

6 

13 
8 

2H 
202 

4%6 
1254 

2231 
1330 

450 
76 

11 

72 
8 

2 

2 
1 

707 
213 

6 
7 

172 
1122 

613b 
3773 

9 
4 

108 
48 

55 
197 

11 

'Iot r1l l!IUd oSu 
->liel.!. 1.15..J 

12.13 
2 'J6 7 

,.; ;>•; 
!)·: J 

253S 
l',~6 

113 
45 

17 14349 
b2b< 

:r.c.i.uj~s s111JlE: ~t .=c1.riH1~ oi Atldntic .=:.:.:u: Jtdy (J,.1:;yJtis ~•·•bind), !..a,iy~L.ih (:::loiJS: .;;auL·us), G
0

ult toadLi!.ih 
((;µs,.inus n, ta), Sot.Jtht'-rn ... 1n•,!.isi1 (,1~:1ticirl:":1u . .; ,Li1eric.1nuj), Atl:tiltic ~i.Jdi.h.!::"ish 1::n1·Jt:.H.liptet'u~.; fub~r), 

,JUd..jUll.C IL {~,JOl'dC:1.1 c,ut1ch<t!lCIIO), ,ln l c1.d•? jOhJ' (':;ab10:.oilt roh.Jst.u~, • 
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Figure 10-13. The average monthly catch of pelagic and benthic 
fishes over mud and shell bottoms. 
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1 
· Because_of the significant dissimilarity in the abundance of 

fishes at the two sites, the possibility existed ttiat. certain 
species with similar behavioral -traits may have· shown a 
perference for a given habitat. This hypothesis was tested by 
separating the catches on the basis of the portion of the water 
column that the various species typically inhabit (Figure 10-13). 
Thus, the pelagic species, such as anchovies, Gulf menhaden, 
scaled sardine, Atlantic bumper, and spotted seatrout, did not 
show a ,preference for either substrate at the 95 percent level of 
confidence (t = 0.81). However, benthic species, such as spot, 
Atlantic croaker, sea catfish, and Atlantic threadfin, wer,e more 
than three times more abundant over the mud than over the shell 
bottom (t = 2.38, p < 0.05). An interpretation of the benthic 
vs. pelagic distributions indicated that the pelagic species i,lere 
swimming in the upper water column with little regard to the 
bottom type, whereas the mud bottom was pr~ferred over shell by 
fishes :that live in close association with the benthos. 

The preponderance of fishes in the catches from the two sites 
were members of the. drum family· (Sciaenidae). The sciaenid 
catch, composed of five species, totaled 9,383 individuals in the 
collections, 70 percent being taken at the mud station and the 
remainder over the shell (Table 10-13). Sciae~id fishes are the 
dominant species in estuaries of the northern Gulf of Mexico. 

Juveniles of both Atlantic croaker and spot were the major 
benthic species in the catches. The mud bottom was preferred as 
a nursery area by both species: 63 percent of the Atlantic 
croaker and 76 percent of the spot were captured in this habitat.· 
Peak catches occurred in the month of June with an average catch 
of 198 Atlant.ic croaker and 822 spot over the mud bottom compared 
to 107 spot and 120 croaker per trawl sample over the shell 
bottom. During the . year, an average of 14 0 spot/trat1l sample 
from the mud habitat differed significantly from the average 
catch of 43 individuals/trawl over the shell (t = 2.28, p < 
0.05). Although more Atlantic croaker occurred -in the 
collections over the mud bottom than over the shell, the 
difference between the annual catches was non-significant (t = 
1.67, p > 0.05). 

Distribution of Shrimps 

Three species of co'mmercial shrimp that frequented the waters 
of Escambia Bay were.the white (Penaeus setiferus), the brown (P. 
aztec~) and, to a limited extent, the pink shrimp(~. duorarufil)~ 
The brown ~hrimp was the _most abundant species (Table 10-14). 

Since penaeid shrimp often burrow into the substrate i,lith 
only their antennae extended, one would expect that certain 
bottom materials would be selected over others. Analysis of the 
shrimp collections by species showed that a highly significant 
increase existed in the number of shrimp from the mud station 
compared to the shell station (F = 35.1, p < 0.05). 
Subsequently, a highly significant difference was obtained 
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'Iable 10 - 14. Comparison of the number of penaeid shrimp caught by otter travl over oyster-shell and mud bottoms 
in Escambia Bay rrow October 1973 to September 1974. 

Species Bottom 
type 

Oct. 

4 

Dec. 

4 

Feb. Mar. A pr, Nay June 
Number of trawl samples 

4 1 '.) 10 

July Aug, Sept. 
T:>hl 

10 4 

-----------------------------------------------------------------------------------------------------------------
fenaeus aztecus mud 6 2 13 7 9 47 13 29 0 0 126 

shell 1 0 1 0 2 31 4 5 0 0 4!l 

Penaeus d uorarum mud 0 0 6 3 J 0 0 0 0 0 9 
shell 0 0 1 1 0 0 0 0 0 C 2 

Pendeus setiferus mud 0 5 () 4 2 0 0 1 0 13 
shell 0 4 0 :) 0 0 0 0 0 0 !l 

'Iota l mud 6 7. 19 14 10 49 13 29 1 0 14B 
shell 1 4 2 1 2 31 4 5 C 0 5() 
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between the group means of the penaeid distributions (Student
Newmann-Keuls mutliple range test), which showed that brown 
shrimp inhabited the mud more frequently than the shell bottom. 
The distributions of the white and pink shrimps were non
significant possibly due to their sparce occurrence. As a group, 
there was a three-fold increase in the number of penaeids 
captured over the mud, as opposed to the shell substrate. 

Discussion 

The mud-bottom habitat was more heavily utilized as a nursery 
ground than was the shell bottom. Presumably, benthic fishes 
could forage more readily on the soft, mu1 bottom for bottom
inhabiting invertebrates. Darnell (1958) stated that the 
harpacticoid copepods, polychaetes, isopods, amphipods, mysids, 
and shrimps were important foods in the diet of juvenile spot and 
Atlantic croaker, the two dominant species in the bay. In a 
study of the food habits of the Atlantic croaker in Escambia Bay, 
Hansen (1969) reported that annelid worms were the dominant 
organism in their diet, accounting for 60 percent of the total 
food volume. Although not entirely unexpected, the pelagic 
fishes, as a group, did not show a preference for either habitat. 

The substrate itself, as a source of cover, exerts an 
influence on the distribution of shrimp. In a series of 
laboratory tests, Williams (1958) showed that white and brown 
shrimp (Penaeus spp.) burrowed more readily into soft, muddy 
substrates, whereas pink shrimp most often occupied coarser, 
shell-sand material. The tendency of brown shrimp to seek out 
muddy substrates partially explains why the shell area was 
generally avoided in Escambia Bay. 

In Chincoteague Bay, Maryland, the bottom habitat was altered 
by spreading oyster shell over old, silt-covered, oyster bars 
(Arve, 1960). Subsequently, more fishes were trapped over the 
planted areas than over the control. The dominant species was 
the black sea bass (Centropristes striatus), which represented 
over half the total catch. The black sea bass is a typical reef 
inhabitant in high salinity waters. The distribution of spot in 
Chincoteague Bay agreed with our data in that this species was 
twice as abundant over the control area than over the shell 
plantings. Arve concluded that fishes were attracted to, and 
concentrated around, the dense oyster-shell plantings. However, 
the Chincoteague Bay project differed from the present study in 

'that (1) the fish communities were dissimilar and (2) there was 
no evaluation of the nursery fun~tion of the shell areas. 
Presumably, the improved carrying capacity mainly benefited the 
adult populations. 

In Escambia Bay,.the evidence indicated that neither the mud 
nor 'the shell substrates should undergo major alterations. At 
present, the mud-bottom habitat is very productive and should be 
maintained as a nursery area. conversely, compact, shell areas 
are an important habitat for selected species, such as the 
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sheepshead, and the adjacent reefs serve as the center of an 
active oyster fishery. Thus, it was concluded that large-scale, 
artificial changes in the existing substrates would not improve 
the carrying capacity of the bottom habitat for young fishes and 
penaeid shrimps. 
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11 - BENTHIC MACROINVERTEBRATES 

INTRODUCTION 

Since the+e are no published studies on the benthic fauna 
within Escambia Bay, an objective of the present study was to 
determine if distinct communities existed in Escambia Bay and the 
distribution of these communities. Sedimentation studies 
discussed in Chapter 7 revealed three major-benthic habitats in 
Escambia Bay: (1) a broad central plain of mud sediments, (2) 
the transition zone close to shore, where the gradient changes to 
a steeper slope with sediments grading from mud to sand, and (3) 
a sandy shelf along the bay margin. In this study, 
macroinvertebrates in the following eight habitats #ere 
categorized and sampled: (1) sand shelf, (2t. transition zone, 
(3) mud plain, (4) oyster bed, (5) grass bed, (6) near a se#age 
treatment plant discharge, (7) near industrial discharges, and 
(8) mud in the deepest part of the bay. Macroinvertebrates are 
defined as organisms one mm or larger while meiofauna are those 
organisms of smaller size. 

Other objectives of this study were to determine the effects 
of recovery techniques such as revegetation of grass beds on the 
benthic fauna, and to determine the effects of domestic or 
industrial waste discharges on the nearby benthic fauna. 

comparison~ were made between assemblages of organisms in 
Escambia Bay and other bays in the Pensacola Bay system as well 
as other bays in the Gulf of Mexico. 

METHODS 

Sampling Locations 

~ost benthic macroinvertebrate sampling stations were 
selected on previously selected sediment sampling transects to 
represent each type of sediment; that is, sand, mud, or 
transition. If two stations were established in the mud plain, 
the shoreward station (B) was located to show the shoreward edge 
of the mud plain. The other station (A) was established well out 
in the mud plain. station c was typically in the transition zone 
and Stations D and E were on the sand shelf (Figure 11-1). 
Benthic macroinvertebrate stations in Escambia Bay are shown on 
Figure 11-2, and stations throughout the Pensacola Bay system are 
shown _in Figure 11-3. 

To determine differences in benthic populations in summer 
versus winter, six stations were sampled in both periods. 
Transects G and o, each with three stations, were selected in 
Escambia Bay. During the summer, transects G and o, #ith 
stations A, B, c, and D were sampled; however, in winter, 
stations A, B, and D were sampled. Therefore, only three 
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stations in common for- both periods were·considered.in this 
particular discussion. In both transects, for the summer, A 
represented a mud station, ca transition station, and D a sand 
station. In the winter A was a mud station, B was a transition 

.. station and c was a sand station for both transects. 

The upper bay was defined 
bridge, conversely the area 
There were three transects in 
Transects K, M, MM, o, Q, and 

as the area above the Interstate 10 
below the bridge was the lower bay. 
the upper bay (E, G, and I). 

S were in the lower bay. 

sampling and Analytical Techniques 

Two types of benthic grabs were used to sample the benthic 
fauna. · The Van Veen grab was used to sample all stations that 
were in at least one m (three ft) of water. This grab sampled a 
0.16 m2 area to a depth of approximately 40 cm. The soft muds 
allowed the Van Veen to sink below the mud-water interface, thus 
allowing a bite deeper than the 28 cm depth possible in harder 
sediments. A screen on top of the grab, with one mm openings, 
helped prevent washout (shock wave) and assured that organisms 
were not lost from the sampled mud column. The 35 foot R/V 
Dolphin (loaned by the EPA, Gulf Breeze Environmental Research 
Laboratory) was used for all stations at depths of one m or 
greater. A ponar grab was used from a 16 · foot boat in the 
shallow inshore stations. This grab took a 0.05 m2 sample to a 
depth of about eight cm in sand. Sanders (1956)" suggested this 
depth is the lower limit for most infauna! invertebrates. 

At each station sampled with the Van Veen grab, five 
replicates were taken, encompassing·a total area of 0.80 m2 per 
station~ Stations sampled with the Ponar grab usually had 12 
replicates for a total area of 0.60 m2. 

The samples collected were seived and preserved in the field, 
and sorted and identified in the laboratory. The sieves used to 
separate organisms from sediments had one mm mesh openings. 
Special sieving sinks with two shower heads, one fixed and 
spraying upward, and the other free and used downward to break up 
the sediment lumps, greatly reduced sieving time. Retained 
organisms were preserved with an eight percent formalin-rose 
bengal stain solution. The stained organisms were sorted in 
white enamel pans with the aid of magnifiers. 

Of those macroinvertebrates retained by the one mm sieve, 
only those specimens with a body thickness equal to or greater 
than one mm were quantified and identified. This procedure 
facilitated analyses, but regretably excluded a certain 
recognized segment of the benthos which this project was not 
prepared to examine. several commonly collected polychaetes ~ere 
totally excluded as a result of this method, including 
Mediomastus sp. and probably two spionid species. A nemertean 
worm was_ also not enumerated, since it seldom attains a one mm 
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size. Biomass determination, however, included all organisms 
retained by a one mm sieve, regardless of individual size. Less 
than five percent of all retained individuals were less than one 
mm in diameter; therefore, biomass values were essentially 
congrous with values for all individuals one mm or greater in 
diameter. 

Many organisms were not collected because of the sieve size 
(one mm)• used in this study.·· .. One millimeter was the arbitrary 
size break between the meiofauna and macrofauna. If meiofauna 
(less thc,ln one mm) are ·sampled, a decision must ·be made to how 
small an organism -is to be sampled in this group. with 
decreasing size of .seives used,-the.amount of· mineral particles 
retained on the sieve increases, thus compounding the sorting 
problem. Lar~er sample areas decrease the effect of "patchiness" 
and assure a more complete sampling of the assemblages of 

-organisms. It is usually necessary to compromise sieve size or 
sampling area because of manhour restrictions. 

For this study of the Pensacola Bay system, the 
·hemichordates, eight species of dermersal . fishes, and 
Branchiostoma caribaeum (a Lancelot), were taken by benthic grabs 
and were included in the summary tables and diversity 
calculations as though they were macroinvertebrates. These 
species were infrequently encountered:and were not significant in 
this study. 

To obtain biomass, organisms were dried in the oven at 105°c 
for 24 hours, weighed, and then burned in a muffel furnace at 
5:S0°c for one hour. Residues were cooled in dessicators and 
weighed on a Metteler .balance~ Thus,. biomass ·was defined as the 
ash-free weight. 

The majority of the benthic sampling was completed in A.ugust, 
1973; hc:>wever, samples were also taken in the winter of 1974 to 
determine seasonal variation.· Additional samples were taken in 
the summer of 1974 •. The,listing.in Append-ix 13-1 gives the dates 
various stations were sampled. 

The Morisita index for faunal affinity ·between communities 
(Morisita, 1959) was calculated by the following formula: 

CX) 

(~)(~) 2 L 
j=l 

CA = 

CX) (~f CX) (~f L + L 
j=l j=l 
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where: = number of individuals in .th species in J-
sample 1 

n2 = number of individuals in .th species in J-
sample 2 

= total number of individuals in sample 1 

= total number of individuals in sample 2 

= index of similarity between communities 

= 1 for same communities 

CA = 0 when there are no·common species 

Diversity was calculated using the Shannon-Weaver formula 
(Shannon and weaver, 1963). The diversity at each station was 
estimated by (H'): 

, N; log N; 
H' = -l N e N 

Where·: N; is the number of individuals in the i
th 

species and N 
is the total number of individuals in the sample. 

Sampl!.!!!L_Adeguacy 

Previous studies by various workers have used many sample 
sizes and'techniques to determine an estimate of the benthic 
macroinvertebrate population. Thorson (1957) stated that a 
benthic fauna sample should cover at least.0.1 m2. Later workers 
have followed this advice, either by design or through expediency 
of manpower and time restraints. Some workers have studied fauna 
within mud sediments (Holland, et al., 1973; Stauffer, 1937). 
Others have worked within sand sediments or sand-vegetation 
habitats (Bloom, et al., 1972; Santos and Simon, 1971.J; Nichols, 
1970). Young and Rhoads (1971), Sanders (1958), and Taylor 
(1973) sampled both mud and sand sediments for benthic organisms. 
Also, various workers have sampled multiple substrates sucp as 
sand, mud, transitional, gravel, and vegetation (O'Connor, 1972; 
Lie and R:elly,, 1970) • 

The studies cited above took from one to four samples per 
station and covered an area ranging from 0.016 to 0.6·m2. The 
present study sampled sarid, mud, transition, and vegetation 
substrates and took either five samples with the Van Venn grab or 
10 18 samples (mostly 12) with the Ponar ~rab. These samples 
encompassed 0.6 to 0.8 m2 per station with the Ponar and Van Veen 
grabs, respectively~ 

To characterize sampling adequacy, species-area curves ~ere 
developed for several benthic habitats and these are in the 
discussion below. 
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RESULTS 

The results of analyzing samples from the Ponar and Van Veen 
grabs during the course of this study are discussed below. Each 
habitat is considered and the number of species, biomass, number 
of individuals, and diversity are discussed under each habitat. 
Also, comparisons within Escambia Bay and within bays of the 
Pensacola Bay system are discussed for each habitat. Appendix 
11-2 li_sts all species taken during this study throughout the 
Pensacola Bay system. 

~d shelf Assemblage 

The sand shelf on the perimeter of the bay comprises 
approximately 25 percent of the bay. The sand shelf 
macroinvertebrate population during the summer was dominated by 
Mulinia lateralis and Grandidierella bonnieroides which made up 
60 percent of the total number of organisms. These two species, 
along with Laonereis culveri, Odostomia sp A., Tagelus plebeius, 
and Haustorius sp., made up 89 percent of the total organisms. 
Grandidierella bonnieroides was found only in sandy sediments 
throughout the bay. Distribution of this amphipod was patchy 
with aggregations as high as 1000 per m2. The next most abundant 
sand inhabitant was the bivalve mollusk Mulinia lateralis, · which 
reached a population of 693 per m2. Populations of this bivalve 
varied greatly within a sampling area. 

seasonal variations in benthos included a reversal of the two 
summer dominants so that in the winter Grandidierella 
bonnieroides was the. most dominant and Mulinia lateralis was the 
second most dominant. Two other winter dominants were Neanthes 
succinea and Monaculodes edwardsi. Tagelus pleheius was a summer 
dominant. At sand stations for both summer 3nd winter, the same 
species_ tended to be dominant; however, they did shift their 
order of dominance. 

Species-area curves for sand shelf stations during the winter 
of 1974 indicated sampling was adequate, except at stations EBED 
and BWC (Figure 11-q), and, therefore, accurate conclusions can 
be determined from the data. summer curves for sand shelf 
stations exhibited the same trend; however, five of the eleven 
stations were not quite adequately sampled. Therefore, the 
number of species, biomass, and numbers of individuals in the 
sand shelf sediments during the summer of 1973 were 
u·nderestimated and with better sampling would have had even 
higher values. 

The average number of species collected at the eleven 
stations on the sand shelf was thirteen. Table 11-1 gives a 
comparison of species at various substrates and habitats within 
Escambia Bay. Three stations on transect G and three on transect 
o were sampled in both the summer and winter to determine 
seasonal variation. The average number of species in the summer 
for both transects was 13 per station; and in the winter, the 
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average was 18.5 per station (Table 11-2). There were 36 species 
collected at the 11 sand shelf stations during the summer and 24 
species taken at two stations in the winter. Thus, the average 
number of individuals per station during the summer at eleven 
stations was 486 per m2 (Table 11-1). The two stations in common 
for both summer and winter yielded values of 337 individuals/m2 
and 1064 per m2 respectively (Figure 11-2). These data indicated 
substantial seasonal differences, with winter having about three 
times as many individual organisms as summer. 

The biomass (ash weight) per station averaged 0.65 g/m2 for 
the 11 stations in summer. Biomass at Stations GD and OD 
averaged 0.95 g/m2 in the summer and 0.21 g/m2 in the winter • 

. These sand shelf stations were the only stations that decreased 
in biomass during the winter; mud and transition stations 
increased in winter. 

Comparisons of Sand Areas Within ~scambia~ 

Sand stations within Escambia Bay had similar numbPrs of 
species and biomass but not numbers of individuals. In the upper 
part of the bay there were 12.0 species per station, while the 
lower bay had 13.6 species per station (Table 11-3). Biomass was 
1.33 and 0.27 grams/m2 , respectively, for the upper and lower bay 
(Table 11-3). The number of individuals per m2 were 638 in the 
upper bay and 400 in the lower bay (Table 11-3). Although the 
biomass and number of individuals were higher in the upper bay 
there was no statistical difference between the upper and lower 
bays at the 95 percent level of confidence for number of species, 
biomass, and numbers of individuals. 

There was a trend toward higher numbers of individuals in the 
upper bay to lower numbers in the lower bay on both sides of the 
bay. 

The trend for biomass was also from higher values in the 
upper bay to lower values in the lower bay on both the east and 
west sides. 

Stations on the east side of Escambia Bay were compared to 
those on the west side of the bay for sand habitats (Table 11-4) 
and no differences were found at the 95 percent level of 
confidence for the number of species and biomass. There ~as, 
however, a significant difference between the number of 
individuals found on the east side verses the west side (t =1.99, 
df = 9). 

Diversity (H') was not significantly different on the east 
side compared to the west side of the bay (t = 2.15, df = 9). 
Whereas the trend for numbers of individuals and biomass 
decreased from north to south on both sides, the diversity had no 
definite trend. Diversity values are given in Appendix 11-3 for 
each station during the study. 
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'I:dblt 11 ~ 1. Hc1.i:ntat5 aull related bcnthic ID.lcro:.nvert,_~bratt! dita in F::;crtmbLl Bay f:n:· th!:! summe.rs 
al' lHJ dnJ 1974. 

Habit it 

sand 

transiti:>n 

mud 

oyster 

grassbed 

S, T, f. 

industry 

Year 
Sampl<>d 

1973 

1973 

1973 

1973 

1974 

1974 

19 74 

SJbstra tt! 

sand 

sand to clayey 

sand to clay 

sand to clayey 

sand 

silty sand 

sand to c~aycy 

N'umbar at 
Stat. ion::; 

11 

silt 10 

14 

sand " 

sand 3 

13 

10 

q 

19 

9 

SiJecies/station 

s. d. 

10-22 J.1 

1-17 5.1 

2-a 2.J 

16-21 1, 2 

2J 

25 

7-11 1,6 

mean 

- 486 

100 

41 

352 

249 

Individudls/m2 

canye s.d. 

61-1553 Q76.4 

8-239 71. 1 

4- 160 41.4 

135-652 191. Q 

924 

778 

168-341 70.9 

------------------------------------------------------------------------------------------------
Year Number of 

Hab1tllt s~o.pled Substrate Stat1ons l\1omasstm2 Div;,csity (ll'I 

mean range s,d. med.a. range s.d. 

sand 1973 sand 11 0.65 ·1,J3-J.J5 ,) • 88 1 .64 1.Ja-2. Jo 0.01 

transiti:>n 1973 sand to clayey silt 10 0. 33 O.J2-1.ijQ 0.51 1. SQ o.~ 1-2. 21 0.57 

mud 197 3 sand to clay 1Q c.00 o.01-o.J6 o. 10 1. 06 :.56-1.68 0.65 

oyster 1973 sand to clayey sand 4 8Q.6 0.98-220,1 93.3 2.07 1,aa-2.q1 0.20 

grassbed 1974 sand 5.QS 1. 93 

S,T. P. 1974 silty sand 0,43 1. 40 

ind ust cy 1974 sand to clayey sand J 0.28 0.10-0.<.8 c. 14 1.QO 0.8J-1,7J 0,40 

----------------------------------------------------------------------------------------------
'lab le 11 -

G ,t nd 0 

Habitat 

l'!Ud Plaue 

'IL"ansiti:>n 

Sana ~helt 

2. 5r?ason al cowparison ot beuthic macroinvertebr3tes 
transects 

Zone 

in i::scarubia aay durinq 

Sea son 

Summer 
Win te: r 

Sumi;1eL" 
winter 

$UffiffiE r 
Ii intl:.'r 

Numuer of 
St.1tions 

2 
2 

2 
2 

2 
2 

1:l7 J to 1974. 

Number of 
Individuals 

no/m2 

112,: 
2 31. '} 

89.1 
1•J90.2 

))7. •) 

1063.5 

dt stati:>ns 

uiom;iss 
J/m2 

·). 2C 
).58 

: • 1 6 
-~. q 3 

'.). 9l! 
}. 21 

·1oca ted ::,n 

Spe:::ies 
n:>/m 2 

5,5 
14 .-5 

8.5 
19,5 

13,0 
18.5 

-------------------- -- \ -------------------------------------------------------------
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1abl~ 11 - 3. :omfarison of biomass, specie~, and number 
ot indiviJuals in upper anJ lower ~scambia aay. 

Habitat 

Mud · Transition Saud 

-------------------------------·-------------------------
NUMBE1: OF SPECIES P£R STATION 

Ufper Bay 4 • 1 
Lower Bay 4.6 

BIOMA!,;S (-1 rams/m 2 

Upper Bay 0.04 
Lower Bay o. 10 

NUM3tR. OF INDIVIDUALS per m2 

Upper uay 
. lower. Bay 

45.8 
37.4 

1 3. 2 
10.0 

J.59 
0. 15 

133.~ 
9 2. 1 

12.0 
13.6 

1 • 3 3 
'). 2 7 

638.J 
(i JS·• ) 

!able 11 - 4. :ornparison of biomass, species, and number of 
inuividual3 near the east shore and the west shore of Escambi~ Bay. 

Mud 

NUMDEt( OF SPECIES PER STATION 

East Shore 5 " . -
liiest Shore 3.1 

BIOMASS (g rams/m 2 

East Shore 0.01 
iest Shore 0.oa 

NUMilER OF INDIVIDUALS ?er m2 

East Shore 
West Shorc? 

5 7. 1 
19.5 

Habitat 

Transition 

1 3. 2 
7. 5 

0. 18 
0.42 

13 5. 6 
90.J 
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Sand 

13.5 
12.4· 

C.41 
0.95 

243.9 
776. 8 



Transition zone Assemblage 

The transition zone is defined in this report as a narrow 
band, paralleling the shore, between the sand shelf and the mud 
plain. It is characterized by a much steeper slope than the very 
gradual sloping mud plain. Sediment types in this zone included 
.six different classifications varying between sandy mud and fine 
sand. Figure 11-3 is a profile of transects which illustrates 
the three areas. · 

Species-area curves for transition zone stations during the 
winter of 1974 in the Pensacola Bay system showed two of-the five 
were adequately sampled. Only five of the ten stations sampled 
in the summer of 1973 were adequately sampled and· estimates of 
the population wil.l be conservative •.. 

' ·' 

Ten stations in the transition zone yielded a-. total of 34 
species and averaged 9.8 species per station (Table 11-1). The 
dominant species, by· number of individuals. in this zone were 
Mulinia lateralis and Parandalia fauveli. These two species 
constituted 43 percent of the total organisms found. These -two, 
·plus ·oaos·tomia sp A.• Laoriereis culveri, £g_rebratulus lacteus, 
~ndidierella bonnieroides, and Amphicteis gunneri florid~~, 
constituted 80 percent of the total. There was little change of 
dominant species betwee~ the summer and winter samples. However, 
the number of individuals taken in summer• 89. 1 per m2 , ~ias about 
one-tenth of the 1090.2 per m2, collected in winter (Table 11-2). 
Species increased to 19.5 per station in winter compared to 8.5 
in summer for the two stations that_ were sampled in both season_s. 
Biomass of the ._benthic organisms was intermediate of the sand and 
mud areas with O. 33 g/m2. Winter samples at the .. two E!tations 
averaged 0.43 g/m2• while· the same two stat'ions in the summer 
were O. 16 g/m2. Therefore., species, number of individuals, and 
biomass increased during winter in the transition zone. 

Comparison of Transition Areas Within Escambia Bay 
) 

Transition zone stations in Escambia· Bay had similar numbers 
of species per station. biomass, and numbers of individuals. 
There were no statistical differences at the 95 percent level of 
confidence in stations in the upper bay compared to the lower bay 
or in the east, side compared to the west side of the bay for the 
three . parameters stated above. Table 11-3 lists data for the 
transition zone at both the upper and lower portions of the bay. 
Table 11-4 lists transition zone data for the east and west sides 
of the bay •. Diversity (H') was similar in the upper bay compared 
to the lower bay and the east side was similar to the west side. 
In summary, there was some variation in benthic 
macroinvertebrates at transition stations, but in general they 
were similar throughout the bay. 
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Mud· :·Plain 

The mud plain covers approximately 70 percent of Escambia 
Bay. Typically, there is a thin flocculant-soupy layer at the 
mud surface which changes in firmness with sediment depth. 
Generally, at a sediment depth of 15· cm, the mud has the 

. consistancy of a sticky gel.. . _At greater depths, interstitial 
water is reduced and the mud is firmer. High winds and increased 
currents can cause this-surface sediment to be resuspended. 

The two most· dominant species throughout the mud sediment 
were the polychaete w-0rms Siqambra bassi and Paraprionospio 
pinnata. These made up 18.3 and 17.5 percent. respectively, of 

·the total individuals sampled.· Other dominant species· included 
Odostomia sp A., the Nemeretean Cerebratulus lacteus, the 
Hemichordate species, Parandalia faureli, and Haplosoloplos 
fragilis. All -of these species combined were 85 percent of the 
sam'pled community. •All mud plain stations were adequately 
sampled except . OA an.d · EBEA. The -latter two stations needed 
additional grabs .to obtain an adequate sample. In general, ·the 
mud plain stations were adequately sampled. The average number 
of species per station within the mud plain was 4.4 (Table 11-1). 

stations on the G transect and the o transect were sampled 
both summer and.· winter. At these two mud plain stations there 
were.5.5 species per station in the summer and 14.5 species per 
station in the winter (Table· 11~2). Dominant species in the 
summer were Parandalia fauveli, Paraprionospio einnata, and in 
the ·. winter. Tellina sp., Mulinia lateral is, Glycinde soli tari~, 
Mactra fraqilis, and Paraprionospio pinnata were dominant. This 
indicates a shift from hemichordates and polychaete worms in the 
summer to mollusk and polychaetes in the winter. 

Average biomass per station for the fourteen mud stations was 
0.08 g/m2 (Table 11-1). summer-winter comparison of 3 and o 
transects were 0.20 g/m2 in the summer and 0.58 g/m2 in winter 
(Table 11-2). 

Numbers of individuals per station averaged 41/m2 in the mud 
plain sediments (Table 11-1). The summer average at the G and o 
transect stations was 112/m2 while the winter average at the same 
sites was 231/m2 (Table 11-2). Thus, number of individuals, 
biomass, and species increased during the winter sampling. 

Comparison of Mud Stations in Escambia Bay 
. . ' : 

Biomass, . number .. of individuals, and number of species found 
. at ;~ud plain stations. showed no statistical diffe-rences between 

•. the upper.and lower bay or in the east side compared to the west 
s_ide of the bay. Data for these stations are . summarized· in 
Tables · 11--3 and 11-4. Diversity (H')- averaged O. 94. in the upper 
bay and 1. 14 in the lower bay and 1. 04 .. on the east · side· of the 
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bay and 1.07 on the west side. Therefore, diversity was similar 
throughout the bay within the mud plain. 

Oyster Bed Assemblage 

Oyster beds provide one of the most productive habitats in 
Escambia Bay for an assemblage of macroinvertebrates. Oysters 
are found on pilings throughout Escambia Bay; however, normal 
beds occur only in the central portion of the bay near the east 
and west shores. These beds represent a normal distribution 
relative to salinity, hydrology, an~ other influencing factors 
for oyster production. Profiles of beds found on the east side 
of the bay are shown in Figure 7-4 on the MM and Q transects. 
Oyster bed stations include MMA, MMB, MMC and QC. Beds shown on 
transect Q were established by the Florida Department of Natural 
Resources as experimental cultch material (Mr. Ed Little, 
personal communication). At Station QC, near the experimental 
bed, the sediment was similar to the surrounding area since the 
bed has not been active long enough to alter the sediments. 
Percent volatile organics in the sediment at QC was 0.5 but at 
MMA and MMB (natural oyster beds), the percent volatile organics 
were 9.0 and 3.6, respectively. 

Quantitative sampling of oyster habitats is a difficult task. 
Most benthic dredges are inadequate on oyster beds and allow grab 
samples to escape by not closing properly. oysters also tend• to 
exist in a clumped distribution. If samplin~ effort is adequate 
to collect 90 percent of the species in a sand or mud habitat, 
this same effort might not be adequate in oyster beds. 
Therefore, sampling effort must be greatly increased or modified. 
In this study, oyster tongs were used to augment the Ponar grab; 
five grabs taken with each sample. Generated data indicated more 
intensive sampling of oyster habitats would have been desirable 
and would yield a greater number of species.· 

~11 oyster bed stations were inadequately sampled and all 
data generated from these grabs will be an underestimate of the 
population dynamics. 

The dominant species by number of individuals included: 
Neanthes succinea, Brachidontes recur~~• B. exustus, 

.cerebratulus lacteus, Paraprionospio pinna~~• Melita ~it~da, 
Parandalia fauveli, Glycinde solitaria, Marehysa sangui™.-, and 
~tis capensis. These nine species represented 89 percent of 
the habitat total. Thirty-five different species were collected 
in the four oyster bed stations in Escambia Bay. This compared 
to 25 different species found at one station in an oyster bed in 
East Bay. There was an average of 19 species per station in 
Escambia Bay and 25 species per station in· East Bay. Biomass on 
Escambia Bay oyster beds was higher than for any other habitat in 
the bay. The average biomass per station was 84.6 g/m2 (Table 
11-1). Biomass of the oyster bed station in East Bay (EBEC) was 
4.6 g/m2 per station (Appendix 11-3). Although the number of 
species and the number of individuals per station were much 
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·higher in East Bay, the biomass was low in comparison to Escambia 
Bay. At oyster bed stations, the two bays had 16 species in 
common, while 28 were collected only in Escambia Bay.: of the ten 
species dominant in Escambia Bay, two species, Neanthes succinea 
and Brachidontes exustus, were also among the· dominants in the 
East Bay bed. , These species are often dominant-in oyster beds 
elsewhere along the Gulf. Paraprionospio· pinnata and Marphysa 
sanguinea, both dominant in Escambia beds, were not collected at 
the East Bay station. !:1.:.. sanguinea was not found anywhere· else 
in Escambia Bay, except at the oyster habitats. conversely, 
several dominant East Bay species were not- represented in 
Escambia Bay. Two relatively common boring type .-bivalve 
mollusks, Martesia cuneiformis and Martesia smithi, were found 
boring into oyster shell. Therefore, since so many common 
species were not collected in both bays, these four stations were 
not adequately sampled to yield a meaningful comparison. 
However, even with inadequate sampling, it was still obvious that 
an oyster bed had greater diversity than any other habitat during 
the present study. 

Grass Bed Assemblage 

At present, there are no marine grasses in Escambia Bay. 
Vallisneria americana, a fresh to brackish species, does, 
however, exist in the upper reaches of the bay. y. americana was 
found . fringing the delta area of the .Escambia River and one 
isolated bed (ESG) was located approximately one mile south of 
the ·delta on the west shore of the bay. This isolated bed 
produced 23 macroinvertebrate species while a similar bed in 
Blackwater Bay (BWG) had 24 species (Appendix 11-3). A marine 
grass bed (EBEE) of Halodule wriqhtii in East· Bay produced 26 
macroinvertebrate species. 

Biomass of organisms from both Escambia Bay (ESG) and 
Blackwater Bay (BWG) beds was similar at 5.45 g/m2 and 5.2 g/m2, 
respectively (Appendix 11-3). Biomass of the vegetation in the 
bed from Escambia Bay was 106~6 ·g1m2 and 213.9 g/m2 in the bed in 
Blackwater Bay. 

The total individuals collected in Escambia Bay grass was 924 
per m2 compared to 705 per m2 in Blackwater Bay and 1527 per m2 
from East Bay (Appendix 11-3). 

Comparing the 24 species found in Blackwater Bay with 23 
species from Escambia Bay, there were 16 species (52 percent) in 
common. Of the seven dominant species in Escambia Bay compared 
to the seven dominant species in Blackwater Bay, six were in 
common. These seven dominants constituted 87 percent of the 
total individuals in the Escambia Bay bed and 93 percent in ·the 
Blackwater Bay bed. y. americana habitats in both bays had 
essentially the same invertebrate assemblages. There were five 
species from the total bay system found only in the~- americana 
beds: a grass shrimp, Palaemonetes sp. and four fishes, · 
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Gobiosoma sp •• Trinectes maculatus. ~Qhis puntatus, and 
Gobiosoma bosci. 

The seven dominant species of the East Bay Halodule ~!~iii 
bed composed 90 percent of the total individuals found there. 
Thirteen species. or 50 percent. of those found in g. wrightii 
were not in either Vallisneria bed. Erichsonella filiformis and 
Leptochelia sp. were found only in the Halodule bed. This study 
indicated quite different communities existed in the two types of 
grass beds. The two species found in both types of grasses and 
no other habitats were Palaemonetes ~u3io and Gammarus 
mucronatus. Therefore. there were nine species found only. in 
grass beds of Escambia, Blackwater. and East Bays. 

A comparison of before and after the loss of Zostera marina 
in Woods Hole, Massachusetts revealed the berlthic 
macroinvertebrates species were reduced one-third (Stauffer, 
1937). · The present study indicated it is possible to have a 
reduction of one-half of the total species in the bay with the 
loss .of Vallisneria from Escambia Bay. A comparison ~fa sand 
station (EBED) and a Halodule bed station (EBEE) in East Bay 
indicated there could be a loss of 69 percent of the·species if 
the grass ,were eliminated. However. a conservative approach by 
using data from another sand station across East Bay (EBWC) would 
indicate a species loss of 54 percent with a loss of grass. 

All three stations for submerged vegetation were adequately 
sampled and no new species were added with additional sampling 
effort. All data generated from these stations were a true 
estimate of the total population according to these sampling 
techniques. 

Sewage Treatment Plant Discharge Assemblage 

The Northeast Pensacola STP discharges into Escambia Bay 
about 366 m offshore in two m of water (Figure 11-1). This plant 
provides secondary treatment and chlorination for 4,000 m3 /day of 
wastewaters. Sediments at this station were silty sand with some 
organics. sand particles ranged from very fine sand to particles 
larger than one mm. Ten grabs with a Ponar dredge were made, 
with the first grab 20 feet from the outfall and each succeeding 
grab on 0.9 m (3.0 ft.) intervals southward. 

This station (NES) was sampled in August 1974; therefore. any 
comparisons of data from this station must consider annual 
variations ,in benthic populations since summer samples at other 
stations were taken in 1973. The river flow. water quality, 
local rainfall. and other factors must also be considered when 
comparing these data with 1973 values at.nearby stations. 

A species-area curve indicated this station (NES) was not 
adequately sampled and the estimate of the population will be an 
underestimate. 
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Ash free dry weight of the benthic invertebrates was 0.43 
g/m 2 and there were 25 species and 778.1 individuals/m2 at this 
station (Table 11-1). 

Paraprionospio pinnata, the most dominant species at this 
station and the other dominant species were also common at mud 
and transition stations throughout the bay. 

As shown on Table 11-1~ the benthos at the STP discharge area 
had higher numbers of individuals and biomass than ot~er 
transition stations in the bay~ The number of species at the STP 
site was also higher than other transition sites. The water 
quality of the discharge is apparently responsible for the 
increases by providing food, altering the sediment BOD~ and in 
general, raising the productivity .level. However, as stated 
before, the STP station (NES) was sampled a year later than other 
transition stations, which could account for some of the 
difference. 

Diversity (H') was 1.4 at the STP station compared to the 
mean of 1. 5 for' all other transition stations in the Bay (Table 
11-1}. However, based on the range of 0.4 to 2.27 for H' at the 
other ten transition stations, the 1.4 value:for the STP station 

was normal and diversity of the macroinvertebrates was not 
reduced. 

Industrial Discharge Assemblage 

. Three stations represented the area near discharges of two 
industrial effluents. Station ACY was near the American Cyanamid 
Company discharge and APO and APDN were near the Air Products and 
Chemicals, Inc., discharge. These stations were sampled in the 
summer of 1974. Physical and chemical characteristics of the 
sediments at these stations appeared to be normal for stations at 
these depths, distances from shore, and mud content, with two 
exceptions. Copper concentrations in the sediments were higher 
at 10 and 12 µg/g than at nearby stations that have equal 
sediment characteristics. Aroclor 1254 (PCB) was higher at these 
three stations than at nearby stations. Particles of synthetic 
matter ranging in size from one mm to three cm were common at 
Station ACY. 

Based on species-area curves, none of-the three stations were 
adequately sampled and any conclusions from the data will be 
underestimates of the total population of invertebrates near the 
discharges. Also, any interpretations of these data should 
consider the dates of sampling; that is, ACY, APO, and APDN were 
sampled in 1974 and other stations with comparable sediment types 
were sampled in 1973. 

Dominant species at industry stations ACY, APO, and APDN were 
the polycheate worms Laenoreis culveri, Paraprionospio einnata, 
and Parandalia fauveli, while the dominant organisms in sand 
stations elsewhere throughout Escambia Bay were Mulinia 
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lateralis, a mollusk, and Grandidierella bonnieroides, a 
crustacean. The dominant specie in the transition-zone 
throughout the bay was Mulinia lateralis. Therefore, there was a 
shift in dominance of species from mollusea and crustacea 
throughout the sand and transition stations in the bay to 
polychaete worms near the industrial discharges. The ecological 
signficance of this shift is that dissolved or suspended 
materials from the discharges are such that they act directly as 
a ·.food source or- secondarily by altering the sediments to favor 
the production of polychaete worms. Finer grained and higher 
organic sediments are favored by polycheate worms as shown by 
worms being the dominant species in· mud sediments of Escambia 
·Bay. •. Also polychaete worms can tolerate .stressed environments 
because of physiological adaptations; they often become· dominant 
in polluted situations. 

Transect -E, consisting of Stations EA, EB, EC, ED, and ·EE, 
was between ACY and APD and was therefore near the industrial 
discharges (Figure 11-1). Sediments at these stations included 
primarily mud at EA and EB, the mud plain stations, and also mud 
at EC the transition zone station. Sand shelf stations (ED and 
EE) consisted of fine sand. Sediments at these E tiansect 
stations appeared normal when compared to·other-Escambia Bay 
stations in Appendix 7-1. Mud stations (EA, EB) had two and four 
species per station, respectively, while the other 12 mud plain 
stations in the bay averaged 4.7, with a range of two to eight 
species per station. The transition zone station (EC) :had· nine 
species while the nine other transition stations averaged 9.9 
with a 1 to 19 range. Station ACY was considered a transition 
zone station and had 11 species. Sand shelf ·stations (ED, EE) 
had 12 species each and the nine other sand shelf stations 
averaged 13.2 with a range of 10 to 22 s~ecies per station.· If 
Station MMD, which was in an oyster bed complex, was excluded 
from this sand shelf group, the average would ·be 12.1 species ·per 
station and would have a range of 10-15 species per station. 
Stations APD and APDN were sa~d shelf stations and had nine· and 
seven species per station, respectively. The above data suggest 
that species per station are slightly reduced around Statio'ns A.PD 
and A.PON, which is an area near-·shore where Air Products and 
Chemicals, Inc. Plant has a waste discharge. It must be 
considered,· however, that these stations were inadequately 
sampled. 

Mud. stations near the·industrial-discharges included EA and 
EB which had 5.2 and 11.7 number of individuals per m2 , 

respectiv.ely. These values ·compared with a range of 3.9 to 160.0 
and an average for 12 other mud stations of 46.4 individuals per 
m2. Transition zone station EC had 144.4 individuals per m2 and 
seven other transition stations averaged 106~2 with a range of 
9.1 to 239.4. station AGY was transition and had 239.8 
individuals per m2. Sand stations ED and EE had 314.9, and 593.5 
individuals per m2 and nine other sand shelf stations averaged 
493.2 and had a 61.1 to 1553.2 range. Stations APO and A.PON had 
sand substrates and 167.6 and 340.6 individuals per m2, 
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respectively. All eight stations near the:in1ustrial discharges 
had numbers of individuals per m2 that fell within the range of 
values at other like substrates•'. throughout __ the bay; therefore, 
the: distribution of numbers of individuals near the discharg·es 
appeared normal. Biomass per m2_ at mud stations (EA, EB) were 
0.01 and 0.03 grams while the average of 12 other mud stations in 
the bay was 0.09 and the range was 0.01 to 0.36 grams per m2• 
Stations EC and ACY were transition zone stations with biomass 
values of 0.16 and 0.48 grams per m2, respectively. The~e two 
values fe 11 within the range (0. 02 to 1. 84) of nine ot_her 
transition zone stations within the bay. Biomass values at sand 
stations ED and EE were 0.30 and 0.34 grams per m2, respectively, 
and stations APD and APDN had values of 0.-19 and 0.18 grams per 
m2, respectively. The values for APD and APDN appear to be low 
when compared to ED and EE, since all four stations had· similar 
sediments and varied only in distance from the waste discharge. 
However, these four values fell within the range (0.03 to 3.05) 
of nine other sand shelf stations in other parts of the bay. 

The species number, biomass, and numbers of individuals of 
benthic macroinvertebrates around the industrial discharges were 
altered only in a narrow band parallel to shore in t~e vicinity 
of the discharge from Air Products and Chemical, Inc. 

Polinices duplicatus, a mollusk, was collected in the 
Pensacola Bay system only at Stations ACY and NES (near an 
outfall of a waste treatment plant) and is therefore tolerant of 
stressed conditions. 

Deep Water Mud Station Assemblage 

In order to determine if any difference existed in specie 
composition between the mud plain as defined above and the deeper 
water mud assemblages, one station was sampled at the mouth of 
Escambia Bay (Figure 11-1). This station (ESD) had a sediment 
composition of 68 percent clay and a silt content of 30 percent. 
Depth of water was 5.6 meters (18.5 ft) at this station. These 
samples for macroinvertebrates were taken in January 1974, as 
were other deep water samples from East Bay (EBD) and Pensacola 
Bay (PBD). Species-area curves indicated ESD was adequately 
sampled but PBD and EBO were not adequately sampled. This 
problem must be considered in any interpretation of the data. 
Eight. species were collected at ESD with the three dominant 
species Sthenalais boa, Sigambra bassi, and Qxyurostylis smithi 
making up 75 percent of the individuals collected. There were 
52.04 individuals per m2. 

At EBO in East Bay, the percentage of mud was 97~75, clay 
content was 66.66 percent and the classification·was clay. Water 
depth at this station was 7.0 m (23 ft). The three most dominant 
species were Mactra fraqilis, Siqambra bassi, and Paraprionospio 
pinnata, which made up 75 percent of the total sample. There 
were 81.96 individuals per m2 and 10 species were collected at 
this station. 
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The other deep water station (PBD) was in Pensacola Bay south 
of the Port in 8.4 meters (27.5 ft) depth. Sediment 
classifi~ation here was mud with the mud content at 97.47 percent 
and clay at 60.05 percent. Dominant species were Oxyurostylis 
smithi, Sthenalais boa, and Sternaspis fossor, which comprised 78 
per.cent of the total number of individuals. There were 1~4. 83 
individ_uals per m2 and 12 species at this station. 

There were three species in common. between Stations ESD and 
PBD. Two of these three species were among the most dominant 
species found at both stations. There were six species in common 
betwee:n Stations ESD and EBO. 

St~tion PBD was nearer the Gulf 
salinities than East Bay or Escambia Bay. 
this station require higher salinities 
species, an Ophiuroid and a Hydroid, were 
the estuary. 

Inlet and had higher 
Two species found at 

and consequently, these 
not taken riverward in 

Although the deep water stations did not have the same specie 
assemblages, they did have some dominant species in common. 
There was a trend toward more species with an increase in 
salinity from Escambia to East to Pensacola Bays. 

High Salinity Area Assemblage 

The Pensacola estuary has expansive areas where the 
macroinvertebrate community is influenced to a large extent by 
consistently higher salinity water than Escambia or East Bays. 
This study sampled a site at the west end of Santa Rosa Sound to 
compare its macroinvertebrate assemblage with the upper estuary. 

Three stations were sampl~d in conjunction with winter 1974 
sampling in upper bays. The three stations included a deep water 
sand site (SRA), a transitional sand (SRB) , and a shallow .sand 
flat with sparse Halodule wrightii (SRC). All stations consisted 
of greater than 97 percent sand. Salinity ranged from 15 to 30 
ppt at these stations. All three species-area curves indicated 
sampling was not adequate, especially at station SRC. Even 
though these three stations had by far the greater number of 
species than stations in the Pensacola Bay system, they·would 
have had even more species with additional sampling. 

Macroinvertebrate data· for these three:stations were compared 
with other sand habitats elsewhere in the estuary in table 11-5. 
Values for the three stations were higher than any other stations 
in the system. The number of species ranged from 67 to 83, while 
the highest species per station elsewhere in the bay was only 21. 
Individuals per m2 averaged 11qa whereas East Bay averaged 1192 
individuals per m2 {Table 11-5). Biomass ranged from 0.61 to 
2.95, while the highest value elsewhere was only 0.34 (Table 11-
5). Diversity (H'). ranged from 2.89 to 3.01, which was higher 
than any other station throughout the system (Appendix 11-3). 
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· t!'ble 11 - 5. nacroinvertebrate data for sand stations sampled in the Pensacola e·ay ·system :l\Jciog lhe, vlnter :>f 197!&,. 

------------------------------- . -------------------------------------------------
Species/s~ation Biomass/■ 2 Diversity 

S~a tions mean range s,d, mean ~ange s,d, mein ·range s.a.-; .~a•1 
r . .• --------------------------------------------------------------------------------------------------

Escambia Bay 2 19 16-21 2.6 1064 211-1916 s52:2 0.21 .oe-.34 0;13 1.78 

East Bay 2 10 8-12 2,0 1192 789-1596 403.5 0.15 .12-.11 0.03 ).36 

Blackirater Bay 21 413 o. 1 2.10 

3 73 67-83 7.3 1748 1527-1938 170.1 ,.so , 61-2. 94 0.95' 2.97 
, 

Santa Posa Sound 
' ' .l i -- ·-------------------------------------------------------------------------------------------------

The 14 most dominant species at the Santa Rosa Sound stations 
made . up 69 percent of the total organisms collected-. A.11 
fourteen species were unique to the sound except Polymesoda 
caroliniana, which was also found in upper Escambia Bay. Santa 
Rosa Sound stations had a total of 133 different species 
collected. 

The more-stable salinity and improved water quality are 
beneficial to the benthic macroinvertebrates and promotes many 
species, but not an overabundance of any one species or. group of 
species; thus a balanced assemblage persists in Santa Rosa Sound. 

Sandy sediments in the Pensacola Bay system produced by far 
the most species and individuals compared to a muddy sediment. 
Gage (1972) found diversity to be greater in sandy mud than soft 
mud. Boesch (1972) found that benthic diversity increased down 
the estuary. The Pensacola Bay system also had greatest 
diversity down the system toward the Gulf. 

comparison of Diversity Indicies in the Pensacola Bay ~te~ 

Diversity indicies are useful for comparing one community to 
another, and are often used to show changes in a community 
structure caused by alterations in that system such as a 
pollutional discharge. Since various sediment.types are used to 
delineate portions of the Pensacola Bay system, diversity 
indicies of benthic organisms at these various sediments further 
show the relationship of areas in the system. 

The Morisita Index was calculated for all possible 
combinations of pairing 44 stations in Escambia Bay in order to 
compare one sp·ecie assemblage to another. The Morisi ta Index 
indicated many assemblages throughout Escambia -Bay. were. :related 
and therefore, there was no North-south··gradient of changes in 
assemblage structure. Although there was a salinity gradient in 
the North-South direction, assemblage structure did not reflect 
this trend. Also, the less saline west side did not differ from 
the more saline east side in assemblage structure within 
comparable habitats. However, the Morisita Index has serious 
limitations in that it reflects only proportions of individuals 
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to species and does not adequately account for the species in 
common between the two assemblages. As such, the use of this 
index is confined to the above statement and the Shannon-Weaver 
formula for diversity is used to further show the assemblages of 
benthic macroinvertebrates. 

Escambia Bay stations in the mud plain had an average H' 
diversity of 1.06. This compares to 1.62 for the transition zone 
and 1.65 for. sand shelf stations. The mean for mud stations ~as 
significantly different from the transition zone mean but the 
means were not significantly different for the transition and 
sand stations. This indicates the mud plain assemblage is likely 
different from the transition zone assemblage but the sand shelf 
and transition zone assemblages may be similar. The mud plain 
had the lowest diversity of benthic macroinvertebrates in 
Escambia Bay. Diversity values for all assemblages in Escambia 
Bay are shown in Appendix 11-2. 

Greatest diversity within Escambia Bay occurred in the oyster 
beds at 2.07, with grass bed diversity next highest at 1.93. 

Diversities for industrial discharges and the STP discharge 
(Table 11-1) were intermediate of the transition zone and mud 
plain values. This order of values is reasonable since the 
sediments at the di~charge sites are intermediate of fine sand 
and mud. Since the H' values at the discharges were higher than 
the mud plain H', tbe invertebrate assemblages are not impovished 
when ccxnparing· 1973 data at the transition and mud st~tions to 
1974 data for the industrial and domestic discharge stations. 

oyster reef stations had the highest H' of all assemblages in 
Escambia Bay (Appendix 11-3). Stations 9n the MM transect are at 
old established beds, while Station QC represents cultch material 
that was planted by man within the last three years. Although 
Station QC is not natural, it nevertheless had an indeK similar 
to the natural reefs (Appendix 11-3). 

The grass bed of Vallisneria americana in Escambia Bay had an 
H' of 1.93. ·This compared·favorably to the same type of grass 
bed in Blackwater Bay with an index of 1.81. There was no 
apparent difference in the diversity within like grass beds in 
the two bays. The Halodule wrightii bed in East Bay, however, 
had a somewhat lower diversity at 1.32. 

When comparing Escambia Bay to other bays in the system, only 
stations on transects G and o that were sampled in February, 1974 
were considered, since stations in the other bays were sampled in 
1974. The H' developed from mud plain stations in Escambia Bay 
was 2.10. The East Bay value was also 2.10; therefore, diversity 
was equal in mud stations for both bays. In the transition zone 
stations, the Escambia Bay H' was 2.12 while East Bay was 2.03. 
These values are considered close enou~h to indicate no 
difference in the transition zone between the two bays. Sand 
shelf stations in Escambia Bay had an H' of 1.79 compared to 0.36 
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for similar stations in East Bay. 
stations, unlike the mud and transition 
different in the two bays. 

The diversity of 
stations, were 

sand 
quite 

The deep water mud station (ESD) had an H' of 1.72 compared 
to a deep water station in East Bay (1.79) and Pensacola Bay 
(1.76). The depth of the Escambia Bay station was 5.6 ·m (18.5 
ft), East Bay station was 7.0 m (23 ft) deep, and Pensacola Bay 
station was 8.4 m (27.5 ft) (Figure 11-d) • . All three of these 
stations were sampled in the winter of 1974. · In comparison, mud 
plain stations in Escambia Bay that were sampled at the same time 
yielded an H' of 2.10. East Bay mud plain stations had an H' of 
2.10 also. A mud plain station in Blackwater Bay had an H' .. · of 
2.44. 

The highest H' found in the Pensacola Bay system was the 
averaged values of Stations SRA, SRB, and SRC in Santa Rosa 
Sound. This high salinity area had an H' value of 2.97 during 
the winter of 1974 (Table 11-5). 

Diversity (H') values indicate that within like sediments in 
Escambia Bay ·there exists communities of like.' diversity 
throughout the bay. The communities in Escambia Bay were similar 
to those in East Bay· within like sediments. Diversity.· around the 
STP and industrial discharges appeared normal when compared to 
similar sediments at other stations. Therefore, according to 
diversity values (H'), the macroinvertebrate of Escambia Bay 
appear to be normally distributed throughout the bay. 

11-24 



f_2mparison of Diversity Indicies in Gulf of Mexico Coastal 
systems 

Holland. et al •• (1973) did macroinvertebrate work in 
Galveston Bay at mud stations during both the summer and winter. 
Calculations made using their data show a mean H' of 1.62 for 
winter samples and 1.31 for summer. Mud stations in Escambia Bay 
had seasonal H' values of 1.98. for winter and 1.06 · for summer. 
Taylor (1973) studied five different sediment types in 
Hillsborough Bay and determined H' at all stations. From these 
data. 12 stations on three of his transects have been selected as 
having similar salinities and sediments as Escambia Bay stations. 
Eight mud stations in Hillsborough Bay had an average H' value of 
2.40 while mud stations in Escambia Bay averaged 1.06. The 
numbers of individuals collected in Hillsborough Bay were over 
eight times higher than those in Escambia Bay at similar sediment 
types. A partial reason for more .organisms present in 
Hillsborough Bay is that Taylor used a 0.7 mm sieve compared to 
1.0 mm in the present study in ~scambia Bay •. However. sieve size 
alone probably does not account for all the differences in the 
two bays. Apparently Escambia Bay has a more stressed ecosystem 
from. salinity fluctuations. lower dissolved oxygen. greater 
turbidity. and more polluted.sediments than"the sampled portion 
of Hillsborough Bay. Galveston Bay had less-diversity than 
Escambia Bay in the winter. but a greater diversity than Escambia 
Bay in the summer. Therefore. the benthos of Escambia B3y seems 
to have H' values lower than Hillsboro~gh Bay and Galveston Bay 
during the critical summer period within comparable mud stations. 

Four of Taylor's (1973) sand stations in Hillsborough Bay 
gave an average H' of 2.93 compared to the H'·of 1.65 for sand 
stations in Escambia Bay. Hillsborough Bay diversities were 
higher in both sand and mud sediments than values from Escambia 
Bay. 

Simon (1974) worked on benthic invertebrates in Tampa Bay at 
four. stations. all with a greater than 70 percent sand 
composition. Diversity (H') calculated from his data (Simon. 
1974) indicated a range from 2.03 to 3.21. These values are 
similar to Taylor's (1973) values for Hillsborough Bay (adjacent 
to Tampa Bay). but.higher than values from Escambia Bay. 

I . 

Comparing diversity (H') in the Escambia Bay system to 
Hillsborough. Tampa. and Galveston Bays. diversity in Escambia 
Bay was lower during the critical summer period. 
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12 - BENTHIC MACROFLORA 

SEAGRASS DISTRIBUTIONS 

Introduction 

The Pensacola estuary had productive grass beds in. all bays 
of the system (Figure 12-1). These plants have true roots, stems 
and leaves, and reproduce by means of flowers, fruits, and seeds. 
They grow completely submerged with only the lowest tides 
exposing some species to the air. Within the northern Gulf of 
Mexico Continental Shelf, Humm (1973) listed five abundant 
seagrasses (1) Thalassia testudinum, (2) ~~ingodi~~ filiforme 
(3) Halodul~ wrightii, (4) Halophila bailloni~, and (5) Hal~Eh!!~ 
engelmanni. These marine plants are continu~us from the Florida 
Keys to the Mississippi sound (Humm, 1956) and extend from the 
intertidal zone out to depths of several meters (Humm, 1973). 
Within the northern Gulf bays and sounds, these plants grow from 
the MLHW to depths of about 2.0 m (6.0 ft) (McNulty, et.al., 
1972; Eleuterius, 1973). In the Pensacola Bay system, the three 
most abundant species are Thalassia testudinum and Halodule 
wrightii, marine to brackish species, and~[isneria americana, 
a fresh to brackish specie. Ruppia !!§.!:_~tima is also fairly 
common in the fresh to brackish waters of the estuary. 

seagrasses within the estuary are a major component of the 
total system and especially important within the role of the 
estuary as a nursery ground for commercial finfish and shellfish 
of the Gulf. In the Pensacola Bay system the seagrasses provide: 

1. oxygen production through basic primary productivity; 

2. a food source, either directly or through the 
detrital food chain; 

3. protection from predators and cover for all ages of
organisms; 

4. a habitat and substrate for both flora and fauna; and 

5. a sediment trap which stabilizes the bottom sediments. 

Seagrasses, therefore~ increase the 
enhance sport fishing success through 
fishes. 

total diversity and also 
concentration of certain 

studies in the Benthic 
the fauna ~ssemblages within 
diversity than areas void of 
desirable to reverse the 
expanding present beds and 

Macroinvertebrate section have shown 
these grass beds to have much higher 
vegetation. Consequently, it is 

trend of losing vegetation to one of 
revegetating areas that once had 
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seagrasses. Seagrasses are one of the basic building blocks 
necessary for recovery and rejuvenation of an estuary. 

An objective of this study was to provide a baseline of the 
present vegetation distribution in the system and to review the 
changes that have occurred in this distribution over the last 23 
years. This study should also provide coastal zone managers with 
facts that will enable viable planning in the estuary. 

Methods 

Photographs obtained from the Florida Departnent of 
Transportation were used to develop maps of the grass beds. 
Their file of aerial photographs of Escambia and Santa Rosa 
counties dated back to 1949. over-flights of the bays were· made 
sporadically, and occurred more frequently over areas of greater 
highway construction. When a section of shoreline was omitted, 
no data was available for that area. Aerial over-flights #ere 
made in 1974 by project personnel using hand held 35 mm cameras 
with either Plus X black and white film or Kodachrome II color 
film. A polorizing filter was used on the camera. The black and 
white film permitted prints to be made inexpensively, while the 
color exposures gave good color saturation for best grass bed 
delineation. Both films penetrated to the depths of all grass 
beds and were adequate for interpretation in all cases. All 
flights were made at 1,219 meters (4,000 ft) altitude. Anchored 
floats were a point of reference which allowed sca·ling and. 
determination of a grass bed size. 

Results and Discussion 

Escambia Bay 

A recession and dissappearance of most of the Escambia Bay 
grass beds has occurred over the past 25 years (Figure 12-2). 
The Escambia River delta area is shown in 1951 and in 1974 in 
this figure. This shows Vallisneria americana in most shoreline 
margins of the delta. Increased water turbidity in the delta 
made the photos taken in the late 1950 1 s and 1960 1 s 
uninterpretable. Most likely Vallisneria beds were present to 
some degree during this period. With this exception, photo 
interpretation was not hindered at all due to turbidity. Most 
flights were actually made in winter, the time of lowest 
turbidity and best visibility. The delta area is the least 
altered area in Escambia Bay over the years. 

In 1974 y. americana was more abundant than in the last 
several years according to bay front residents. In 1975 there 
was an even greater abundance of Vallisneria in the delta.area as 
warmer weat~er progressed. 

V. americana also inhabited the Macky Bay area north of Laura 
Point on the west shore of Escambia Bay. At the present time 
there exists only one small bed about one mile north of the point 
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in four discontinuous patches. Historically, it has undergone; 
recession. However, during the past year, expansion has occurred1 
with new growth around each patch. During the summer and fall of' 
1974, turbidity levels in Escambia Bay were lower than usual, an~ 

· therefore, beneficial to grass growth. 
.r 

I 
The Floridatown shoreline, in the northeast corner of _:the 

bay, had extensive submerged grasses in 1949. Although the 
species are unconfirmed, interpretation of the photographs 
indicated Vallisneria was dominant. Their greatest extent was 
from Basshole Cove south to Fisherman's Point, and also small 
patches near Mulatto Bayou. The next record indicated grasses 
ceased existence by 1963, concurrently with industries starting 
operations nearby on the bay. 

Grass beds below Interstate 10 were most likely .composed 
solely of Halodule wriqhtii (shoal grass) • It. is the most 
euryhaline of grasses found in this system. There were no 
records of the presence of any other marine species nor are-there 
other species now present below the I-10 bridge. Sparse growth 
was observed in 1965 along the southwest Magnolia Bluff area. It 
extended for 1.6 km (1.0 mi) and was 0.64 km (0.4 mi) wide (van 
Breedveld, 1966). A dense bed existed north of Magnolia Bluff 
where the Northeast Pensacola STP outfall pipe was laid. 
Halodule seems to have flourished best along the lower southeast 
shore above Hernandez Point. It extended in discontinuous areas 
from the point up to Interstate 10. Ground truth reconnaissance 
revealed none in 1974. 

Figure 12-2 shows a gradual loss of seagrass over a 17-year 
period from 1949 to 1966. By 1970 all of the seagrass had 
disappeared. ·Ground truth searches in 1973-74 revealed no 
vegetation along this shoreline. 

In summary, Escambia Bay had extensive grass beds along all 
shores in 1949, except for sparse areas along the south~est 
shore. By 1974 all had disappeared except a small patch of v. 
americana along the upper western shore where there was a 
significant influence by freshwater flow from the Escambia River. 

Pensacola and East Bays 

The history of several small beds near the north side of 
Pensacola Bay bridge was first recorded in 1951 (Figure 12-3). 
The disappearance of these small beds near the port facilities is 
likely attributable to dredging. Enlargement of the Port of 
Pensacola (Phase I) involved extensive dredging and filling in 
1960. Additional work was done in 1967. Figure 12-3 indicates 
the filled areas, before and after the port expansion, and the 
related distribution of seagrasses. Other beds were adjacent to 
the Pensacola Bay bridge and Bayou Texar. All traces of these 
beds were gone by October 1961. 
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The south shore of Pensacola Bay west of the bay bridge was 
not historically mapped. East of the bridge a nearly continuous 
22.5 km (14 mi) grass bed extended to Tom King Bayou (Figure 12-
4}. Ground truth in 1966 indicated the species as Thalassia 
testudinum beginning in Butcherpen Cove:extending eastward-one 
mile (van Breedveld, 1966). At some point eastward toward Tom 
King Bayou, Halodule probably replaced Thalassia as the existent 
species. From 1949 to 1966, approximately half of the seagrasses 
were gone. From 1966 to 1974, in two year intervals, the record 
showed (Figure 12-4) an accelerated lost. Between 1966 ·and 1968, 
well over half of the seagrass was lost. It seems that this loss 
may have been primarily Halodule and that the Thalassia was 
reduced only slightly. However, over the next twc:>intervals, 
Thalassia continued to diminish until 1974 when none was found. 
Salinity studies during 1974 indicated a range of 4.0 to 20 ppt 
at a nearby station. Thalassia cannot tolerate this low salinity 
range over an extended period (Phillips, 1960). 

Two records of the northeast area of East Bay are shown in 
Figure 12-5. This figure shows a decline in lateral extension; 
however, the width of the central area of the bed seems to have 
remained fairly constant. 

Blackwater Bay 

Blackwater Bay has lower 
Consequently, the grass beds 
americana for the most part 
Records show the beds to occupy 
as in the early 1950 1 s. 

SEAGRASS REVEGETATION 

Introduction 

salinities than the other bays. 
were composed of Vallisneria 
with some Ruppia intersperced. 

virtually the same areas in 1974 

There is no question that removal of grass beds from a bay 
system will adversely affect its ecology. several workers have 
documented the utilization of seagrasses by vertebrates and 
invertebrates (Kikuchi, 1974; Stauffer, 1937; Hoese and Jones, 
1963; o•Gower and Wacasey, 1967). This study (Benthic 
Macroinvertebrates section) discusses in detail the species, 
number of individuals, and biomass within Vallisneria and 
Halodule beds. An increase in seagrasses in Escambia Bay would 
increase invertebrate diversity. Stauffer (1937) studied the 
change in invertebrate population with the loss of !Q§_tera !!§!_ina 
and showed one-third of the species associated with the 
seagrasses were eliminated. 

The loss of grass beds in Escambia Bay is documented 1n the 
above section. The objective of the present revegetation effort 
is to. reintroduce a species to Escambia Bay not presently found 
there. No transplanting work was done with ~!llisneria since it 
currently occupies substantial areas in the delta. Transplanting 
of Ruppia martima (Widgeon grass), only sparsely evident in 
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vallisneria beds in the estuary, was not deemed feasible because 
of lack of plants. Tha!"assia testudinum exists in the more 
saline Santa Rosa Sound. It was not transplanted because no 
indications were found of prior existence in. Escambia Bay. 
salinity avera,ges in Escambia Bay are believed to be too _low for 
this species. Halodule wrightii, the most euryhaline species, is 
considered to, have the best potential for survival in the bay•s 
fluctuating salinity regimes. This species is hardy, being able 
to inhabit intertidal areas and survive short exposures to air. 
It occupies the largest geographical distribution of any seagrass 
on the northern Gulf Coast (Humm, 1956). Descriptions of grasses 
by long time residents around the bay indicate that vegetation 
south of Interstate 10 was Halodule wrightii. Figure 12-1 shows 
the Pensacola Bay system and the revegetation sites. 

submerged revegetation work is in experimental stages 
elsewhere. Viability studies of Thalassia testudinum and 
Halodul~ wrightii in the Tampa Bay area were performed by Fuss 
and Kelly in 1966. Twelve months in ·. situ tank culturing 
indicated!• testudinum recovered after initial decline follo~ing 
transplantation (Fuss and Kelly, 1969). Keily, Fuss, and Hall 
(1971) successfully transplanted T. testudinum into Boca Ciega 
Bay, Florida. Thalassia revegetation was successful on a larger 
scale in lower Biscayne Bay, Florida. (Thorhaug, 1974) • Here, 
seedlings were obtained from mature plants, treated with a gro~th 
stimulator, and planted. Vigorous growth of plantings was 
reported. Phillips (1974) reported moderate success on his 
transplants of Halodule into Tampa Bay, Florida in 1960. 
However, most work to date has been disappointing on Halodul~ 
(Fuss and Kelly, 1969). Eleuterius (personal communication) is 
engaged in submerged vegetation work along the.Mississippi coast. 
His information that Halodule inhabits low salinity sandy shelf 
areas, 0.3 to 1.2 meters deep, compares well with East Bay beds 
(0.5 to 1.1 m). This species inhabits the ~ississippi sound in 
continuous beds with interspersed sandy patches devoid of 
seagrass. It also never occurred there in mixed aggregations 
with other species of seagrass (Eleuterius, 1973). 

Methods 

With the help of the Bream Fishermen Association of 
Pensacola, transplanting was performed in July 1974 and again in 
September 1974. Locations of experimental plantings are shown in 
Figure 12-1. Two of the sites are known to have had viable beds 
in the past. The others were considered to have· qualities 
conducive to seagrass survival. Tr·ansplants were placed at five 
depths ranging from 0.3 to 1.0 meter (1.0 to 3.0 ft) MSL at 0.15 
meter (0.5 ft) intervals. Ten plugs were planted at each depth 
during the two plantings. A total of 100 plugs per site and 400 
plugs in all were planted in Escambia Bay. 

A plug with a 7.5 cm (3.0 inch) diameter and 12.5 cm (5.0 
inch) depth of Halodule wriqhtii was obtained from the healthy 
bed in East Bay, and placed into snug fitting burlap bags. Light 
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tight containers were used to transport the plugs, which were 
replanted within three hours. 

Resuli§. 

survival for the July transplants observed in October after 
13 weeks in Escambia Bay was 51 percent. Plugs transplanted in 
September and observed after being planted six .weeks showed 67 
percent survival. survival would have been higher· had mass 
mortality not occurred at site 4 where transplanted plugs we~e 
covered with three inches of drifting sand. · Excessive sand 
transport .occurred along western parts of the shoreline, making 
it unsuitable for revegetation. Transplants were observed again 
·i'n" ·May 1975 · aftE::!r overwintering and data revealed 37 per2erit had 
green leaves at one site. Two of th~ sites were badly covered 
with sand, and the third site had less than 10 percent survival. 
However, the leaves observed were free of encumberance, 
indicating rece~t new growth. Therefore, it is assumej this is 
spring growth and other plugs may yet sprout as the water warms. 
Observations should be made later in the spring to determine 
fully the results of overwintering. 

Discussion 

Reestablishment of Halodule wriqhtii grass beds will be 
significant in the recovery of Escambia Bay. ·· The beds would act 
as a near-shore sediment stabilizer and tend to retain nutrients 
for beneficial utilization by animals. By providing additional 
food source and a unique habitat for certain groups of 
invertebrates and small fishes, grass beds broaden the lov1er 
segments of the food web, thereby ultimately enhancing the 
commercial and recreational fisheries. This study's Benthic 
Macroinvertebrate section discusses and exemplifies this point. 

The tec~ique ot plugging allows the plants within a plug to 
be· in a desirabl~ sediment for a long period of time after 
transplanting to a new location. Thus. plants within· a plug 
could conceivably prosper for two years or longer in a location 
that has toxic sediments or other undesirable qualities. 
Therefore, with plugging, it will take years before a successful 
transplant is fully documented. 

This trarsplanting effort was repeated in June 1975. This 
earlier-in-the-year planting took advantage of the spurt of 
spring growth. that was observed in the field during 1974 and 
should increase the percentage·of successful'transplants. 
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14 - APPENDICES 

Appendix 1-1. steering Committee 

The steering commit~ee of the 
co.nsisted of represeny.atives. of 
outside of USEPA, Region IV: 

Escambia Bay Recovery Study 
the Following organizations 

Florida Department of Natural Resources 
Florida Department of Environmental Regulation 
Florida Game and Freshwater Fish Commission 
Florida State University Marine Laboratory 
Monsanto Chemical company 
Northwest Florida Regional Planning Council 
southeastern Fisheries Association, Inc. 
University of West Florida 
USEPA, Gulf Breeze Environmental Research Laboratory 
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Appendix 1-2. Recommendations of 1972 Enforcement Conference 
(USEPA, 1972e). 

To reduce or eliminate the accelerated_eutrophication of 
E~cambia Bay and Mulat-Mulatto Bayou, and to provide water 
quality suitable for a wide diversity of desirable uses, the 
conferees make the following recommendations without prejudice to 
the rights of the State of Alabama and Florida to enact more 
stringent requirements. These recommenqations. would be 
accomplished by not later than December 31; 1972, except as 
otherwise specified. 

1. There shall be reductions of 90 percent 5-day BOD, 94 
percent nitrogenous wastes, and 90 percent phosphorus wastes 
discharged to Escambia River . and Bay from major sources in 
Florida, including American Cyanamid company, Monsanto Company, 
and Air Products, Inc. Due to the distance from Escambia Bay of 
Container corporation of America's plant site, a reduction of 90 
percent 5-day BOD waste will be required. These percent 
reductions permit the following allowable daily waste effluents. 

Container corporation: 5-day BOD 4,850 pounds, total 
nitrogen not applicable. total phosphor.us not applicable. 

Monsanto: 5-day BOD 605 pounds. total nitrogen 248 pounds, 
total phosphorus 46 pounds. 

American Cyanamid: 5-day BOD 425 pounds. total nitrogen 323 
pounds, total phosphorus not applicable. 

Air Products: 5-day BOD 17 pounds, total nitrogen 477 
pounds, total phosphorus 35 pounds. 

The foregoing allowable waste 
December 31, 1972. If further 
limits are excessive, Monsanto, 
Products must develop a plan 
discharges from the bay. 

loads shall be obtained by 
investigation shows that these 

American Cyanamid, and Air 
to completely remove their 

There shall be maximum feasible reduction of carbonaceous 
organic material. All waste dischargers shall monitor effluents 
to ensure reductions. conduct feasibility studies. and submit a 
plan of .abatement for carbonaceous waste to the conferees by 
February 15• 1972. 

Container Corporation shall provide further 
treatment of bleach plant and woodyard wastes. 

secondary 

The American Cyanamid Company shall immediately cease 
discharging acrylonitrile. 

2. 
Florida 

The Environmental Protection Agency 
technical staffs shall schedule 
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investigations into treatment techniques and process control of 
the Monsanto, American Cyanamid, and Air Products plants to 
determine the effectiveness of present, attempts _ to meet 
conference requirements. A report of such investigations shall 
be made to the conference as soon as possible, but not later than 
May 1, 1972. These investigations·- are not iri lieu of · continued 
efforts by ·the · company,· to· effect the ·resuits as out;;lined in 
paragraph 1 above. · In: addit.ion,·· any other industrial waste 
sources which may · dischar::ge iritp Escam.bia River and Bay or its 
tributaries shall ·be· reported on, with recommendations for 
abatement. · · 

The City of Pensacola sha·ll submit to the conferees by May 1, 
1972, operating data ori the effects of the plant modifications 
made to the Northeast Sewage .Treatment Plant showing its 
compliance with the recommendations of this conference. The City 
of Pensacola arid the county commissioners -of Escambia shall 
report to the conferees by May l, 1972, the status of the 5-year 
master plan developed by the Escambia-Santa Rqsa Planning Council 
and adopted by the city and ·county. The status report should 
include estimated dates for the- implementations of the 5-year 
plan. 

3. An alternative for· acconiplishing these objectives is the 
construction of a sewer collection system or systems around the 
entire bay to intercept wastes from American Cyanamid, Escambia 
Chemical, Monsanto arid Northeast sewage Treatment Plant as well 
as future and minor present effluents. This is consistent with 
the concept of metropolitan planning for·waste management. All 
domestic and industrial wastes could be treated at a central 
facility with discharge away from Escambia Bay after the 
recommended· car.hon, nitrogen, and phosphorus reductions have been 
accomplished. 

4. The Environmental Protection Agency's Gulf Breeze 
Laboratory shall monitor the effluent and adjacent areas of the 
Monsanto plant to determine the presence of any polychlorinated 
biphenyls and provide monthly reports to the conferees. 

5. The conferees recognize the critical situation 
concerning the life cycle of Menhaden and are forwarding copies 
of the report of the Menhaden conference to. NO.AA and the 
southeast Fishe.ries association urging a plan for protection of 
the valuable commercial species. 

Because of the additive problems attendant to dead f 1sh· 
decomposing arid ·recyc.ling nutrients into· the bay, as well as 
pr~senting a health· hazard, ·the conferees · :recommend tha·t _the 
Governor· · of the · State of . Florida ·take actions· . ·as 11:e 'deems 
necessary for the immediate removal of such fish in the. future 
until such time as corrective measures are completed. 

6. Color in the Escambia River at the Alabama-Florida State 
line as measured at the Highway 4 bridge near century, Florida, 
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shall be reduced to levels meeting Alabama, Florida, and Federal 
standards. The conferees require that the Container Corporation 
of America shall present a progress report by April 1, 1972, with 
its recommendations for color removal. 

7. It is recognized the Department of Transportation of the 
State of Florida has retained a consultant group to evaluate and 
make recommendations concerning the Mulat-Mulatto Bayou and the 
I:_10 canal System. The Department_ of Transportation shall 
provide the conferees by March 1, 1972, with their evaluations, 
recommendations, and a plan of implementation for corrective 
measures as recommended by their consultant. Upon approval or 
modification by the conferees, this plan.will be, referred to the 
Governor of Florida for appropriate action. 

8. No. further construction dredging shall be permitted !in 
Escambia Bay and Mulat-Mulatto Bayou until the artificial buildup 
o~ o~ganic sediment deposits ceases and stabilizes. Maintenance 
dredging of existing channels shall be by hydraulic pipeline or 
by h_opper dredge. Disposal of all dredged materials . from 
hydraulic dredging shall be done in a manner and to spoil sites 
acceptable to the conferees. 

9. · The conferees recommend that the Environmental Protection 
Agency in cooperation with the University of West Florida and the 
State of Florida conduct field studies to determine the effects 
of thermal discharges from Monsanto and Gulf Power Companies on 
the biota of Escambia Bay and River and report their findings to 

·the conferees by September 15, 1972. 

10. Century, Florida, and East Brewton, Alabama, shall 
install by not later than December 31, 1972, secondary waste 
treatment facilities acceptable to their respective State water 
pollution control agencies. These municipalities shall report to 
their respective State water pollution control agencies on 
progress being made beginning March 1, 1972, and each 90 da-ys 
thereafter. 

11. Because of the many questions which have been brought to 
the attention of the conferees regarding the overall ecology and 
over-enrichment of Escambia Bay, the conferees recommend that a 
recovery study team be organized under the overall direction of 
the Environmental Protection Agency. This recovery team shall 
include the University of Florida System, working through the 
University of West Florida, the Florida ·oepartment ·of 
Environmental Regulation, the Environmental Protection_ Agency, 
and any other public or private agency, institution, or industry 
with an essential contribution to make. Specific plans for the 
recovery study--including staffing, financing, and basic 
investigative methods--shall be submitted to the conferees by 
April 1, 1972. Independent plans for gathering information in 
the next several months that would complement the basic 
objectives of the recovery program are encouraged to proceed. 
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App~n~ix 5 - 1. NPDES eftluent limitations for princip~l source Jiscbarges into Pensacal1 8dy anj it~ tributaries •. 

·rota 1 
suspended rotal T~tal 

Elant 0005 Solids Nitro~en Phosphorus lther 01 tes Effective 
kg/day ppd kg/day pptl kg/day ppd kg/day ppd kg/Jay ppd 

------------------------------------------------------------------------· ------·---· --------------------------
CONECUH RIY&R·, 
Container corp. W iotor 275J 6C 6C q9qo 11,JOO aotil Sep.1978 

of A ■erica Su•mor 2200 OBSC· 1.1900 11, :)(10 

BSCA"BIA RIVER 
noosanto Ch~mical co. Final os~ 1000 227 sc.:, 20 •S Uotil Da:.1978 

ESCA"RIA BAY 
Hocth.qast SCP Intaci11 199 • 38 156 HJ Uotil J11oe 1975 

P ioal 53 116 SJ 116 6J 139 15 J2 JIJD8 1975 to June 1977 
Air Products and Interim 150 JJC 2a• 625 95] 2100 27 60 Until Dec.1976 

ChOlill. :;o. Final 91 200 2a• 625 227 500 16 JS Cyanide Jan.1977 to Sep. 1978 
American Cyanamid co. Interim JOBJ 6796 599 12]2 131• 2897 6. a 1•. 9 DD til N>W,1975 

rinal 297 650 511 1120 27• 600 0.2 o.q Oec.19n to Dcc.1978 

PEUSACOLA BAY 
nain !>traet STP Interim 1022 2250 1022 2250 Phenols Do til Aog.1976 

Pinal 378 BJ• 378 BJ• 227 S10 76 168 J. 78 B. l &uq.1976 to June 1979 
US Pensacola N>t iss1.1ed as of Apr.1970 

ELACKSATER BI vea 
riilton, Florida S?P ., t iss1.1ed as of lpr.197Q 
NIS Whiting ~ield 11q 2&3 119 2&3 Oct.19H to nar.1979 

--------------------------------------------------------------------------------------------------------------------------

App~·nJb:: 5 - 2. Point sourco industrial discharges aad plant ::ler;criptions. 

Source Type ot Operation rype of Dischar:i:e Beceiyiag Stream 

-------------------------------------------------------------------------------------------------------------------
CONSCUH RIVEri. 

Containor Corporation 
of A11ericd 

'I. b. i'liller 

E.1.1 en Corporation 

.ESCAf".aIA, iiIVEll 

Lu;aber Preservo. ti Ve' proc. 

Natural Gas TreatincJ fac • 

Alger-Sullivan Lumber co. Sawmill 

Gulf Po~ar £loctrical Generation 

ttonsanto Cbe11.icdl Co .. 

ESC Ans IA BA y 

Air i'rudu:ts dnd 
Ct1ei1i:al co. 

Americiln :-yanimi::I co. 

i!Ll\-;.:KiUTP.R ~IVER 

HAS •niti.nq fielJ 

PEIISACOLA BAf 

••s PE•sACOLA 

Chemical dnd fiber 11fg. 

Industrial Cheaicdls 
pldstics and fertilizers 

f'tty-. of acryli::: fibars 

Airc~a(t ftaiot~11anca 

A1reratt :-ia!ntenance 

Aer~ti~o ani oridation 

P.Vdporation Perc~lation Pond 

Drdiaa:10 is :>nly sour:::e 

Hol:iing l?onJ 

Ash Pon:1 

DP.e? ~ell injection 

~ecc~lation ~ni Ri~lo~ic~l 
treatmcat ponds 

~cutr~lization p>nds 1nd 
Spiruhofr for domestic tlov 

Tticlkio,3 filtars 

r,eutra11zat1on. cne:n1ca1 and 
l"i!olnolca1 treatment and 
pelt sh!ng ponds 

C>oling water 

C)oliog valet 

:,oecuh Bl..-ar 

lhu:det" Ct"eek 

Llttle !sca ■bia Cr 

L>:I spray.· lamin. Bsca ■ bia Biv_er 
wtsb.cooling water 

P>mP.st ic •cooling• E sca ■ bia e lvet" 
boiler blovdova. 

Domestic ef flueG.t, Es::a.1bia. 8.i.wac 
on=e tbrou~h coolioq 
v, ter. 

Pcocess watec pl us Esca11bia Sa.y 
s1.1rface draio~y-e 

D~llefitlc eftluent. Escambia B!lf 
process water 

Ola.esti.c_ af f luea t, 
proces~ water 

oomest!e effluent 
Process water 

-----------·---------
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AJJpenlix 5 - 3, Point source Industridl uis=har~e5 (loauings in kg/~ay), 

source 

CON ECIJH R 1 V llR 

Container :orporation 
of Amarica 

T. R, Miller 

Exxcn corporati:>n 

subtotal 

ESCAt;BIA £,IVER 

Alger-Sullivan Lumher Co, 

Gulf Powar 

Nonsanto Chemical Co. 

ESCAMBIA BAY 

Air Products and 
c·hemical co. 

Subtotal 

Amer i=an :yanamid Co, 

ELACK~ATEn BAY 

NAS Wbitin~ Field 

PENSACOLA BAY 

NAS PP.nsacola 

Subtotal 

Total 

UOD5 

220C: 

2200 

150 

3233 

119 

3Q1 

6347 

T:>tal 
- Suspcn,ied 

S:>lids 

Q990 

Q990 

599 

119 

)Q1 

6333 

--~------,,,--I~terim-NPDES ?ermit limits, 
(2) BOD, and :'55 interim NPDES ;,ermit limits, 

Total 
Nit roge·n 

227 

2'l7 

953 

131Q 

2267 

93 

264 

2851 

rotal 
!?h osphorus 

20 

27 

27 

UC 

11Q 

2')1 

Reurk 

(3) 

(4) 

(1) 

(21 

(2) 

total ra_itrog~n and tot~~ p<1oaphorus c.sti:nat,><l using 23 1nd 10 .og/1 respe=tively, 
(3) Summer interim pP.r~it limits, 
(4) Final NPDES permit limits, 
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Appendix 5 - 4, Point source domestic municipal treatment facilities. 
( Henning son, Durham, Richardson and Hart, 1975). 

-- Total --- ---
Design 

SourcP. Flow Process Description 

~ 

ESCA~BIA CONE:OH RIVER 
Andalusia; Alabama 

North Side Disposal Plant 
West Side rreatment Plant 
south Side Disposal Plant 

Brantley, Alabama STP (3) 
Brewton, .Alabama STP 
East Brawton, Alabama STP 
Evergreen, Alabama 

Plant No. 1 
Plant No, 2 

Fort Deposit, Alabama STP 
Greenville, Alabama STP 
Luverne, Alabama STP 
Troy, Alabama 

East Side STP 
West Side srp 

Century, Florida 
Oniv. of West Florida 

~ ESCAMBIA BAY 

tcmd (4) 

2.1 
o. II 
2.7 
0.0 
3.8 

. 1. 1 

3,8 
1.0 
9. 1 
5.7 
3.8 

5.7 
2.3 
1. 0 
1.9 

I City of Pensaco;c1., Northeast 3. 2 
..J 

PENSACOLA BAY 
City of Pensacola, l'lain St. 
llarrinyton 
Pen Haven 

SANTA BOSA SOUND 
Gulf Breeze, Florida 
Pensacola Beach, Florida 

BLACKilATER RIVER 
llilton, Florida 

YELLOW RIVER 
Crestview, Florida 

3 .. 11. 1 
7.6 
1. 1 

3. 4 
1. 5 

6.4 

5.7 

Secondary 
Intermediate 
Secondary 
Secondary 
Secondary 
Secondary 

None 
None 
Secondary 
Secondary 
Secondary 

Sec:,ndary 
Secondary 
Stabiliz3tion Pond 
Extended Aeration with 
Polisuing Pond 

rrickling l'ilter 

Activated Sludge 
Extended Aeration 
Tricltlin:i- Filter 

Extended Aeration 
Trickling Filter 

Trickling !'ilter 

Secondary 

RecE!ivin;i Stre,u 

Prestwood :reek 
Coker l'lill er. trib 
Bay Branch 
:onecuh River 
Plur:ler Creek 
Mur:ler Creek 

llur:ier :re.c?k 
llurder Creek 
Pigeon Creek 
Persimmon :r, 
Patsala:i,ua Cr. 

Walnut :reek 
Conecuh ltiver 
Escambia River 
Escambia River 

SUBTHAL 

Escambia B:iy 

Pensacola Bay 
Bayou Chico 
Bayou Chico 

sosrorAL 

Santa Rosa Sound 
Santa Rosa s:,und 

SUBTHAL 

Bl,i:;kwatE!r B1y 

Trammel :r?.ek 
rnu 
kg/day 

(ppdl 

BOOS 
kg/day 

81 
12 
81 
23 

114 
34 

114 
25 

273 
1 71 
114 

425 
170 

28 
57 

1722 

199 

1022 
227 

95 
1344 

102 
1 21 

· 223 

193 

170 

3851 
81191 

5uspE!ndel 
Solids 

kg/iay 

c31 
12 
!31 
23 

11 4 
34 

684 
255 
27J 
171 

1025 

34) 
136 

23 
57 

3316 

155 

1)2.! 
227 

95 
13114 

1.)2 

182 
28~ 

1-93 

17J 

5463 
120115 

rotal 
Nitrogen 

k;i/day 

63 
9 

63 
18 
89 
26 

89 
19 

212 
1 33 

89 

1 JJ 
54 
22 
44 

1)63 

84 

784 
176 

74 
1) JJ 

79 
71 

150 

150 

132 

2623 
5783 

Tot'll 
Phosph:>rus 

kg/day 

27 

27 
8 

38 
11 

38 
8 

91 
57 
3!3 

57 
25 

9 
19 

458 

36 

34:, 
76 
32 

11118 

n 
30 
64 

57 

1127 
21185 

(1) Estimated assuming 30,30,23,an:i 10 mg/1 in the effluent for BOOs,rss, Total Nitrogen 'ind rotal Phosphorus,. 
(2) BJDS and TSS from interim permit limits; Total Nitrogen and rotal Phosphorus estim~tel assuming 23 ¼nd 10 mg/l 

in the effluent. 
(3) P_roposed plant to be completed June 1975. 
(41 thousand cu, meters per day 

aemarks 

(1) 
(1) 
( 1) 
(2) 
( 1) 
(2) 

(2) 
(2) 
(1) 
(1) 
(2) 

(2) 
(2) 
(1). 
( 1) 

(2) 

(2) 
( 1) 
(1) 

(2) 
( 2) 

( 1) 

(1) 



.Appendix 6 - l. Summary of salinity (ppt) data for the Pensacola Bay system 
auring January throu~h September, 197,1. 

·--------- ,------------------------- -----------------------------------
Sta. Dep. No. Mean M1n. Max. C'l% Sta. Dep. No. Mean M1n. Max. CV% ----------------------------- ----------------------------------AOOV A 12 8.1 1.8 14.8 48.9 EKMP E 12 18.2 0,3 25,9 45.0 
AOOV C 12 11.8 2.2 22.7 53,5 EMQc A 12 8.4 0,3 15,2 .62.9 
AIXN E 12 18.8 3,3 29.4 39,0 EMQC C 12 12.4 0.3 - 21-.3 52.8 
AGJI A. 12 13.1 3,8 18.7 38.4 EMQC E · 12 17,4 0:3 25,1 46.2 
AOJI B 12 13,3 4.8 19,5 37,7 ENNB A 12 6.2 0.3 14.2 84.2 
AOJI C 12 14,3 4,9 25,3 40,3 ENNB B 12 7,2 0.2 16.0 77,1 
AOJI D 12 16.2 5,4 26.3 37,3 ENNB C 12 15,7 0.2 23,7 56.1 
AOJI E 12 22.8 7,0 30,3 28.3 ENNB D 12 19,3 0.2 26.9 45.0 
AGPH A 12 13,3 5,1 18.1 33,1 ENNB E 12 19.8 0.2 27,5 44,7 
AGPH C 12 13,9 5,0 24.8 39,2 EPLP A 12· 7,4 0;2 . +6.2, 72,3 
AGPH E 12 20.2 .5,5 28.9 29,9 . EPLP C i2 8,9 0:3 17,5 66.5 
AJFD A 12 12.5 3,6 19,5 43,8 EPLP. E 12 15,5 0.3 25,5 60.7 
AJFD C 12 15,5 3,6 26.0 46.2 EPRF A 12 9,6 1.8 17,5 55,4 
AJFD E 12 23,5 6.2 28.8 25,7 EPRF C 12 15,0 4.2 23,9 45.6 
ALEX A 12 13.8 4.o 20.0 35,8 EPRF E 12 18.0 5,8 27.6 44.4 
ALEX C 12 18,7 6.8 27,9 36.0 ERPB A 12 9,0 1.0 . 1-7,6 65,3 
ALEX E 12 27,5 24.1 29,9 7,5 ERPB B 12 9.8 1.9 18.4 57,0 
BFEI A 5 0.9 0.1 1.6 60.3 ERPB C 12 15.1 4,9 27,3 52,1 
BFEI C 5 1.7 0.2 3,5 68.1 E1lPB D 12 21.0 6.3 28.9 36.6 
BFEI E 5 10.4 0.2 17,3 64,3 ERPB E 12 24.6 10.9 29,5 21.5 
BJIV A 12 1.9 o.o 4,5 80.3 EIUO A 12 0.0 o.o. 0.0 0.0 
BJIV C 12 2.8 o.o 9,2 96.6 ERlO C 12 0.0 0.0 o.o 0.0 
BJIV E 12 8.3 o.o 16.8 75,0 EIUO E 12 o.o 0.0 o.o 0.0 
BNGA A 12 3,0 0.0 6.5 69.1 ~ A 12 9,9 1.4 18.8 64.2 
BNGA C 12 1.0 o.o 19,3 90.9 ~ C 12 14.8 1.4 26.4 49,6 
BNGA E 12 14.2 0.2 22.0 44.6 ~ E 12 28.1 24.2 31,0 9,3 
BREA A 12 5,9 0.2 18.2 80.2 Elm; A 12 11.3 2.5 19,3 47.2 
BREA C 12 12.2 0,7 23,3 57°,7 ElQE C 12. 12.6 5,2 23,6. 45,2 
BREA E 12 17,7 2.8 27,2 38,9 ElQE E 12 16.8 6.8 - . 27,1 38,9 
ECGM A 12 0,3 0.0 1.9 192,4 PEUE A 9 11.2 .. 6.0 - 17,5 36.0 
ECGM C 12 2.9 · 0.0 15,8 194,8 PEUE C .. 9 13,3 . 5,9 21.1 32.6 
ECGM E 12 4.6 o.o 16.0 126.5 -- PEUE E- 9 16.0 6.5 24.0 34,7 
EEDR A 12 0.2 0.0 0.9 195,9 Pcil A 12 24.4 9,5, 35;5. 36,7 
EEDR C 12 1.3 0.0 13.6 300.4 · POl E 12 32.6 - -.29,4 .36,.0 6.0 
EEDR E 12 2.8 0.0 17,3 230,9 P02 A 12 16.8 5,6 26.2 40,5 
EED1 A 12 0.3 0.0 1.7 175,4 P02 E 12 32,4 30,4 34,8 4.1 
EED1 C 12 1.4 0.0 14.6 293,9 P03 A 12 19,5 6.1 26.4 31.0 
EED1 E 12 2.3 0.0 14,9 231.1 P03 E 12 28.3 11.5 33,8 21.·7 
EEIX A 12 1.7 o.o 7,8 153,6 P04 A 12 19,7 8.1 26.4 27,1 
EEIX C 8 2.4 0.0 12.4 174.0 P04 E 12 27,4 15.3 33,0 18.4 
EEIX E 12 3,2 0.0 12.4 134.2 P05 A 12 16.7 4.4 25,1 37,3 
EEKV A 12 3,8 o.o 12.3 110.5 P05 B 12 23.0 10,7 33,4 31.7 
EEKV C 11 5,2 o.o 13,9 106.3 P05 C 12 29.1 18.6 34,5 16.6 
EEKV E l.! 9,4 o.o 18.8 83.0 P05 D 12 32,0 29.6 · 35,0 4.6 
EDLY A 12 4.2 0.2 12.4 101,3 P05 E 12 32,5 30,7 34.8 3,7 
EDLY B 12 5,4 0.2 13,3 90,5 P06 A 12 15,9 4.5 28.0 48.2 
EDLY C 12 7,0 0,3 16.8 89,0 . P06 . E 12 30,7 26.0 -34.8 8,5 
IDLY D 12 11.4 0.3 22.2 n.3 P07 A 12 15.1 4,3 27,6 46.8 
IDLY E 12 14.2 0,3 25,3 53,7 P07 E 12 29,9 25.0 34,5 8.8 
EHGD A 12 0,3 0.0 2.0 202.8 P08 A 12 15,5 4.4 25,9 43.2 
EHGD C 12 5,6 o.o 18.1 125,1 P08 E 12 32.1 29,9. 35,0 4,7 
EHGD E 12 11.1 o.o 22,3 89.9 P09 A 12 16.0 6.3' 24S 37,5 
EHPK A 12 5,8 0,3 13.6 73,3 P09 E 12 24.7 16.5 33,2 23.6 
EHPK C 11 6.4 0,3 13,7 73,4 PlO A 12 14.4 4.4 24;"{ 45.8 
EHPK E 12 8.2 0.2 18.0 67.8 PlO E 12 31.7 29.0 34;5 4,9 
EIIL A 12 3,3 0;0 11.1 113,7 Pll A 12 12,5 4.2 : 22;6 51.8 
EIIL C 12 4.2 0.0 15,4 115.8 'Pll E 12 30:3 26.3 34,3 6.9 
EIIL E 12 7,8 0.1 20,9 91.3 ·· Pl2 A 12 11.2 1.2 19,7 57,4 .. EIKC A 12 2.7 o.o 8.8 112.3 Pl2 E 12 28.2 21.6 33,5 11.3 .. EIKC C 12 4.5 0.0 13,2 101.7 Pl3 A 12 13,2 1.9 21.4 49,l 
EIKC E 12 11.8 o:o 20.0 66.9 Pl3 B 12 14.0 3,7 25.2 48,7 
EKLQ A 12 3,8 0.1 12.0 102.7 Pl3 C 12 19.5 4,3 32.2 42,7 
EKLQ C 12 4,9 0.2 12.9 91.5 Pl3 D 12 26.9 15.4 33,5 19.8 
EKLQ E 12 9.0 0.3 18.9 65.1 Pl3 E 12 30.2 28.2 34.o 5,9 
EKMP A 12 4.7 0.2 13,6 97.1 Pl4 A 12 15,3 4,7 23,9 39,4 
EKMP B 12 6.4 0.2 14,9 79,4 Pl4 E 12 29.1 26.1 33,0 7,3 
EKMP C 12 15.1 0.2 24,9 53,3 Pl5 A 12 13,0 2.8 20.0 46.3 
EKMP D 12 18.3 0.2 25.6 46,9 Pl5 E 12 28,3 20.6 32,3 10.9 
----------------------------------- ---------------------------------------
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JppenJix 6 - 2.· Variaoles used in calculating the flushing times of RsciBbia Bay during 1973 

----------~---------------------------------------------------------------------------------· 
Variaille Units Study I Stuiy II Study III Study IV 

Estimdtei total effective 
river discharge m 31sec 1398 6JO 173 122 

Tidal Range m 0. 1 :>, 6 0.2 0,5 
u. s. HiJhway gc bridge 

11ean Tide Level m o.o J, 3 -o, 1 0,:) 
fro.n l'IS L 

3 
Volume of bay mill, m 247 275 233 -235 

5 ppt J,O J,O 8,5 18,) u 

S1 ppt 2,0 1, 5 26 ·• 0 25.5 

QU - outilov 3 /sec 1398 6JO 257 415 m 

Ql - infl:i;, 3 /sec o.o o.c B4, 0 293 ID 

Plusiling Time - T days 2, :)4 5, 3 10.5 &. 6 

Vol um~ Displacement Time days 2,04 5, 3 15.6 22,3 

Appendix 6 - 2. (cont.) Variables used in calculating the flushing times of Pensacola Bay during 1973, 

-------------------------------------------------------------------
variable Units Study I Study II Study III study n 

Esti ma tei total effective 
river disc;~acge ml /sec 1697 757 28& 208 

Tidal Ran ye' ID o. 1 ·J, 6 0.2 0.6 
a. s. Higb vay 90 bridge 

l!ean Tide Level m o.o o. 3 -0.1 o.o 
from MSL 

Volume of bay mill. 3 838 880 817 822 m 

Su ppt 4.5 11, 5 18,5 26.5 

51 ppt 32 31 31.5 3J 
.. cu - outf lov m3 /sec 1969 120 3 693 1782 

Q 1 - inflow m3 /sec 272 446 407 15H 

Flushing Time - T days ll. 9 8, 5 13.6 s.1 

Volume Displacement Time days 5.7 13, li 33,1 45, 7 

------------------ -------------------------------------------------------
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Appendix 6 - 2, (cont,) Varidbles used in calculatin:J tne .clushing times of Pensdcoh B:1.y during 1~73, 

variable Units Study I Study II Study III Hudy LV 

-------------------------------- ·-------------------------------------------------------------
Estimatei total effective 
river disc;1ai:ge m3 /sec 16'H 757 1116 2H 

'Iidal !!anye ·m- ~- 1 ·), 6 c.2 o;e; 
u. s. !Ii~ b '4.ay qc- bridge 

!!edn ride Level m o. -~ .O ♦-J -o .• 1 c. :) 
from 11SL 

Volu:ne of bay mill, m3 llli:I dBO 817 1122 

Su ppt 4.5 11, 5 18,5 2.;. 5 

S1 ppt J2 31 31,5 3) ' 

i;u - o~tflov m3 /sec 1969 12') 3 693 171:12 

<i l - inflow Ill 3 /sec ).12 1146 1107 157.11 

Flusllin'J rime - r d'lys 11.~ 8,5 13, 6 5,3 

Volume Displacement Tim" ddys 5,7 1 J, II J3, 1 115, 7 
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Appendix 6 - 3. Summai:y of tempei:atui:e (:iey. C ,I Jdta foi: the Pensacol:i Day system dui:inq 
Januai:y thi:ough Septemoei:, 1974 (Pensacola Say Jata fi:om the Univei:sity of West Ploi:ida). 

Sta. Dep. No. Mean Min. Max. .M Sta. Dep. No. Mean Min. Max. CV% 

AOOV A 12 23.0 11.1 29,3 25,5 · .. EKMP E 12 23,6 13,0 30,5 25,7 
AOOV C 12 23.1 11.4 29,5 25,7 EMQC- A 12 24,5 14.5 32.1 25,1 
AOOV E 12 23,7 13.2 29.9 24.5 EMQC C 12 24.0 13,5 30,7 24.8 
AGJI. A 12 23,3 12.0 29.8 25.6 EMQC E 12 24.1 13,3 30.8 24,5 
AGJI B 12 23,3 12.1 29,8 25,5 ENNB A 12 24,3 . 14.3 32.9 26.1 
AGJI C 12 23,3 12.0 29,8 25,4 ENNB B 12 23,6 13,7 31.3 25.5 
AGJI D 12 23,4 12.1 29,9 25.1 ENNB C ·12 23,5 11.9 30,4 26.6 
AGJI E 12 23,7 12.9 30,1 25,4 ENNB D 12 23.8 13.2 30,4 25.1 
AGPH A 12 23,3 12.0 29,3 26,3 ENNB E 12 23.9 14.6 30,4 23.5 
AGPH C 12 23,5 12.2 29,5 25,3 EPLP A 12 24.3 13.9 31.6 25.3 
AGPH E 12 23.4 12.2 29.5 25,7 EPLP C 12 23,7 12.8 30,9 26.0 
AJFD A 12 23,4 12.3 30.0 25,3 EPLP E 12 23.6 12.0 30.8 27,4 
AJFD C 12 23.3 12.2 30.0 25,6 EPRF A 12 24.0 14,9 30,6 23.8 
AJFD E 12 23,4 12,3 29,9 25.4 EPRF C 12 23,9 13,9 30.1 24.1 
~ A 12 23,5 12.5 30.0 25.1 EPRF E 12 23.8 13.3 30,0 24.8 
ALEX C 12 23,3 12.8 29,7 25.4 ERPB A 12 23.7 13.6 30.0 24.2 
ALEX E 12 23,7 16.6 29,5 22.1 ERPB B 12 23,4 12.4 29,8 25.4 
BFEI A 5 25.8 23,4 27.1 5,5 ERPB C 12 23.3 12.5 29,9 25.6 
BFEI C 5 26.3 23,5 28.8 7,2 ERPB D 12 23,5 12.8 29.7 25.4 
BFEI E 5 27,8 23,5 30,2 9.1 ERPB E 12 23,5 13.8 29.7 25,0 
BJIV A 12 22.3 11.1 29,0 25,5 ERl0 A 12 21.1 10.8 28.2 26,3 
BJIV C 12 22.6 11.1 30,4 26.3 ERl0 C 12 21.2 11.1 28.1 25,9 
BJIV E 12 23.4 11.4 30.2 26.6 ERl0 E 12 21.1 11.1 28.0 25.9 
BNGA A 12 22.3 11.1 28.6 25.8 El'LQ A 12 23.8 13,3 30.2 24.4 
BNGA C 12 23.1 11.3 30.0 27,l El'LQ C 12 23.1 11.9 30,0 26.2 
BNGA E 12 23.6 11.8 30,0 26.4 El'LQ E 12 23,6 16.8 29.4 21.9 
BREA A 12 22.7 11.4 29,2 25,5 ~ A 12 23.8 14.0 30,3 24.2 
BREA C 12 23.1 12.1 29.6 25,7 ~-. C 12 23,7 12.8 29.9 25.4 
BREA E 12 24.0 14.7 29.8 22.9 ~ E 12 23,7 13.0 29,9 24.9 
EX:GM A 12 21.5 11.l 29.0 26,7 PEUE A 9 26.1 16.5 30,7 18.2 
FroM C 12 21.9 11.0 31.1 28.8 PEUE C 9 26.0 16,5 29.4 17.1 
FroM E :2 22.2 11.0 31.0 28.5 PElJE E 9 25.8 16.2 29.2 17.5 
EEDR A 12 21.4 11.1 29,0 26.3 P0l A 12 22,9 13,7 28.1 21.5 
EEDR C 12 21.6 11.2 30.1 27,0 POl E 12 22,7 16.3 28.8 19,9 
EEDR E 12 21.7 11.l 30,3 27.6 -P02 A 12 23.0 13,3 28.5 23,5 
EEEII A 12 21.4 11.3 28.9 26.1 P02 E 12 22.9 16.4 29.0 20.6 
EEEM C 12 21.5 11.3 30,8 27,4 P03 A 12 23,3 14.1 29.3 23.4 
EEEII E 12 21.7 11.3 30.8 28.0 P03 E 12 22,7 15.3 29,0 22.6 
EEIX A 12 21.8 11.2 29,5 26.9 P04 A 12 23.2 13.4 29,1 24.2 
EEIX C 8 21.5 11.2 30,2 29.6 P04 E 12 22.9 13,7 29.2 23,8 
EEIX E 12 22.2 11.2 30.1 28.2 P05 A 12 23.3 13.7 29.5 23.6 
EEKV A 12 22.8 12.1 30,7 27.7 P05 B 12 22.9 13.9 28.8 22.6 
EEKV C 11 22.3 12.3 30,5 27,7 P05 C 12 23.1 16.8 29.1 20.6 
EEKV E 12 23,3 11.6 30,8 27,3 P05 D 12 23.0 17,1 29.0 19.7 
EDLY A 12 23.3 12.7 30.6 26.2 P05 E 12 22.8 16.8 28.9 20.4 
EXlLY B 12 23.2 12.4 30,7 26.1 P06 A 12 23.2 13,1 29,4 24.2 
EDLY C 12 23.2 12.2 30,8 26.7 P06 E 12 23.0 16.7 29.2 20.1 
EDLY I) 12 23.6 11.7 31.1 27 .2 P07 A 12 23.4 13,6 29,7 23.6 
EXlLY E 12 23.9 12.0 30,9 26.0 P07 E 12 23.1 16.5 29,3 20.9 
EHGD A 12 22.1 11.4 29.3 27.4 P08 A 12 23,3 13.8 29.2 23.8 
EHGD C 12 22,3 11.4 30,3 28.o P08 E 12 22,9 16.9 28.9 20.4 
EHGD E 12 22.8 11.8 30.2 27,2 P09 A 12 23.1 13,9 29,2 24.1 
EHPK A 12 24,3 13,5 31.2 24,9 P09 E 12 23.1 14.5 28.8 23.4 
EHPK C 11 23,7 13,3 31.1 25.1 Pl0 A 12 23.4 13.8 29,5 23.4 
EHPK E 12 24.4 12.2 31.0 25.1 Pl0 E 12 23.0 16.8 29.1 20.4 
EIIL A 12 22,9 12.4 30,9 26,5 Pll A 12 23.5 14.7 29.8 23,5 
EIIL C 12 · 22,7 12.5 30.2 25,9 Pll E 12 23,1 16,7 29,3 20,7 
EIIL E. 12 22.8 12.2 30,5 27.0 P12 A 12, 23.1 13.9 29.5 23,3 
EIKC A 12 22.7 12.7 30,5 26.9 P12 E .12 23.2 16.0 29,4 21.4 
EIKC C· 12· 22.6 12.3 30,4 27,3 P13 A 12 ·. 23,5· 13;6 · · '29,7 23,8 
EIKC E 12 23.1 14.0 30.5 25,6 P13 B 12 23,3 13:1 29,4 23,9 
EKLQ A 12 23.5 13,8 30,7 25,5 P13 C 12 23,2 13.2 29,7 24.0 
EKLQ C .12 23.0 13.7 30.1 24.9 P13 D 12 22.8 14.9 29.2 23,8 
EKLQ E 12 22.9 12.0 30,5 26.7 P13 E 12 23.2 16.6 29,3 20.8 
EKMP A 12 23,3 13.9 31.3 25.6 P14 A 12 23.6 14.1 30.0 23.8 
EKMP B 12 23.1 13,6 30,7 25,5 P14 E 12 23,4 16.5 29,3 21.3 
EKMP C 12 23.3 12.0 30.7 27,1 P15 A 12 23,7 13.6 29.6 22.1 
EKMP D 12 23.6 12.3 30,5 26,3 P15 E 12 23.2 16,5 29,3 22.4 
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Appendix 6-6. Effluent dye concentrations during American 
Cyanamid dye study. 
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Appendix 7-2. Sediment sample stations and th€ir 
habitat type in the Pensacola Bay system. 
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.1p;,eo-lu 7 • 1, iJhf~icAl aoJ. cho11ic.sl .Jata t'ro ■ cor" sa11plinq Gt4tioos in tho Pll!osacoh ild.r sJ&tY ■, :hoct11vh1t:h1a 
!Hf, a.oil p4oa ■d C1.ty 8.a.ys, 

-------------------------------------------------------------------------------------------------------------------
Totdl Organic Percent ~C'g,1nic 

stat1.oo.s o-,pth PhosplloC'US NitroiJen organics Carbon 
(■ J (ag/•J) (11,J/~) I'> l•~/q) 

Scdi1rnnt 
Type 

Percent 
:111-y ,., 

fercuo t 
Silt ,,, 

PercAnt 
sand 
(1) 

Perca11t !leaD 
nui Guin She 
(II 

. . . ---------------- - . 
ti 
t2 
Cl .. 
ts 
C6 
C7 
t8 
C9 
CIC 
Cl1 
t12 

" !2 ,. 
!7 
,a 
GI 
G2 
G3 
GO 
GS 
G6 
G7 
GB 
11 
12 
13 ,. 
15 
16 
n 
18 ., 
l2 
13 

•• 15 
16 
17 
KS 
19 
KIO 
I 11 

3. 12 
5. 82 
2, t,5 
;,6l 
C', bl 
;),bQ 

2. 16 
2, Ull 
2, .ill 
2. U 1 
2. 22 
J.7) 
1. 74 
2.·J 1 
2.32 
1,65 
1,U6 
-i. es 
1. 52 
1, J~ 
2, 05 
2. 96 
I. 25 
1, 22 
J. 76 
o. 76 
1, 95 
2 .22 

3. 63 
2.68 
2.32 
I, 71 
o. 79 
1. 2~ 
,. 52 
3.02 
3.93 
2, 61 
2. 62 
2. 5 ~ 
2. 56 
o. 55 
O. ll 

C ,Jb 

0. 21 
G. Ill 
o .oca 
o .a1 

o .2a 
0,27 

o.n 
0.10 

0.16 
0 ,2(1 

0.36 
0 .12 
0 .53 
o.•2 
C ,03 
0 .25 
o.04 

1,0(1 

1, ll 
o. 52 
O. 2ll 
0,37 

1.56 
1, 51 

0.97 
I. 50 

0,09 
1,39 
2. 3) 
,. 59 
O. •O 
1. 115 
0,83 

-----------------------

12.l 
14. 5 
1,),1 

''.I, s 
,7.A 
,. 1 
s.-, 
6. l 
3 .3 
3. 3 u., 
,. 3 
s. 6 
6. 5 
6.0 
, • 6 
2 .2 
1,3 
6 .3 
o .8 
9. 9 
9.0 
9 .a 
1 .2 
I .2 
J.7 
a. 3 

10, .! 
12,l 
12, 7 
11.6 

, .6 
c. 9 
J. 6 
0. 5 
,). 6 

13.2 
12. l 
11), II 

4 ., 
7. 1 3.• 
o.5 
0.6 

2U, 5 
19 .c 
6, 7 
9,J 

1&,] 
26. Q 

31. 7 
2Cl ,6 

Jll,9 
l9.8 

1,6 
Q2, 1 
39.3 
3~.!I 
16 ,(I 
23.4 
u.2 

S'-r.iy Silt 
sandy Silt 
silty Sand 
SJ.nd 
sand 
sand 
S5nd 
silty sand 
Silty Sand 
siltr san:i 
silty sand 
sand 
Silty sand 
Si Ltr Sand 
Silty Sa11d 
S1111d 
Sand 

Sand 
sand 
sand 
Silty Sa0.,1 
Silty 5.a.nd 

sand 
sand 
Slln<\ 
Saad 
Silty Sand 
Sand•Silt-cLar 

sandr Silt 
Sandy Silt 
sand-Silt-::lay 

Sandi 
Sand 
S.snd 
Sand 

sand 
Sandy Silt 
sandy Silt 
sa0.d-Sllt-Clar 
Silty Sand 
Silty Sand 
Silty Sa.a.d 

S11nd 
Sand 

'"·9 u.1 1.• 
1. 2 
I .2 
1.3 
8,, 

11), 1 
10, l 
9,C 
8.5 
~ .6 

11, 6 
16,S 
11, 6 

3. 1 
•• c 
2. 5 
7,4 
1 .o 

15.9 
1S. 8 

1 ,4 
2. 0 ... 
I .5 

15,l 
24,6 
IS,O 
13.0 
21, 6 
s. 2 
,. 5 
1,1 
o. 8 ,., 

u.a 
9. 9 

27,6 
10. 9 
16.l 1., 
0.6 
1.6 

50,9 
07.:) 
.l9 0 1& ,.s , .. 

3.6 
15. l 
J2,, 
lb.4 
JO, II 
23. I 

O.Y 
11.6 
J&I, 2 
ll.3 
•• 1 
1.a 
6. I 

17.1 
3. l 

39.~ 
29, l 

1.9 .. , 
8,2 

3.' 
112, 1 
30.3 
Q 1, l 
ss •• 
J5,9 
10. 1 
2.~ 
1.6 
1,8 , .. 

61. 2 
69. 1 
•3. 5 
21, 11 
29,(1 
18.J 
o. 8 
l,i 

34, 3 
38. J 
63. 2 
97.J 
97. 0 
95. 1 
76, a 
57. • 
61. J 
60. 6 
67,8 
98, 6 
56. 9 
119. 3 
65. l 
87.5 
88, 2 
91 .. 1 
75. 5 
96. I 
SJ. 2 
50, 9 
96. 7 
93, 6 
81, l 
911, 8 
a2. 7 
as. 1 
oo. 8 
31. 2 
02. 5 
90, 1 
95. 6 
97, 3 
91, 1,1 

97. 5 
24. 0 
21. 0 
28. 8 
67. 7 .s. J 
lQ.Q 

98. 4 
96. 6 

65.8 
61,7 
36,8 
1, 1 
1,0 ,.9 

21. 2 
"2,2 
36. 7 19., 
J2.2 

1 ., 
03, 2 
50. 7 
JQ.8 
12.s 
11. 9 
a.9 

2,.s . ,) 

06. e 
C5.1 

J. l 
6, • 

12,8 
5,2 

S7. i 
55.0 
59. 2 
68,3 
57.5 
15. l 
,. I 
2, 7 
2.6 
2. 5 

76,0 
79.) 
71. 2 
12. II 
115, 1 
25, 7 

, ,6 

J.• 

),9 

'• 2 
3,] 
,. 9 
2. 1 
2,5 
],] 
3. 7 
l.S 
3,' 
l, 3 
,. 1 
3, 6 
3. 8 
l. Q 

2, 5 
2, 7 
2.• 
3.0 
1.9 
],8 
l. 7 
2.) 
2.' 
2.9 
1.9 

•• 1 
,. 1 

•• l 
'• I 
2. 9 
2. l 
I, l 
,. 0 
1,1 
4. l 
•• l .. ' 3 •• 
3. a 
3.~. , .. 
1.7 

Appondiz 7 • l (:::,nt), PhJaieal and cho■ ical data froa core sa ■pUng atatio11a in tbo Pensacola Bar arate■, :boctlwb.1.tcbee 
Bay, and Pana■ a City Dara, 

1otaL Ocqaoic Percent ocgar.ic 
Station Depth Phosphorus Bitrogon lrgnnico :arbon 

(■ I (■ g/gJ (ag/gl (IJ (og/gl 

-----------------------------------.. --------------
Sediaent 

Typo 
PerceBt 

:1., 
(IJ 

eeceeBt 
Silt 
(II 

PeceeBt. 
Sand 
(II 

eerc•a.t aaaa. 
1101 Grain Sise 
CII 

------------------- ----------------------------------------------------------------------------., 
a2 
Bl 
!4 
nS 
a6 
ft7 
ft8 

•• BIO 
01 
C2 
03 
04 
05 
06 
C7 
CB 
09 
OIQ 
Cl 
02 
Cl 
CH 
o• 
cs 
C6 
Q1 
ca 
C9 
010 
SI 
52 
S3 
s• 
55 
S6 
S7 
sa 
59 
S 10 
511 
CH12 
CH7 
CU10-
CH14 
CH16 
CH 15 

o. 19 
1 .o 1 
2 .83 
2, 71 
2, 77 
2. 74 
2, lQ 
2.68 ,.a 
0.37 
(\,61 
1, 98 
2. 71 
2. 99 

], 26 
3. Oil 

1, 0 l 
0.46 
o. 58 
1, 19 

0.64 
0,9ll 
3,8U 
o. I.IS 
&1,48 

"'· 18 
Q, 10 
3,90 
l,41 
1.07 
o. 76 

0. 19 

0 • 31 
C .25 
C .27 
b ,29 
C. 31 
c.2c 
t.?2 

o. )4 

0 .29 
0. ,s 

C,33 
0 .19 

0. )Q 

0 ,lb 

0 .28 

0 .o, 
0 ,JS 
t,J8 
0 .16 
0.36 
0 .20 

C .28 
0 .31 
0.20 
0 .38 
0. l1 o.•, 

o. 11 

2,60 
I.J9 
1. )6 
1,65 
1,83 
,. 31 
o. 17 

1.68 
1,51 
1. tl 

1,6.3 
0,09 

1,Stl 

1. SJ 

1. 5Q 

0.06 

1.81 
2. 72 
2.01 
1.81 
,. 37 

1. 07 
2.ci.1 ,.5• 
2.65 
2.08 
2. 70 

---------------------

o •• 
o.a 
3. 3 

17, 6 
a. 1 

11, 9 
13, Q 

1S, 9 
7. 2 
0.6. 
J.I 

0.5 
1C1 0 9 
1 J.1 
14,(1 
U,o 
10. 7 

c. s 
1.0 o., 
o. J 

11.2 

11, l 

"· 9 10.1 
9. 2 
•• 3 
o. 1 
7. 5 
o. J 
0.3 

l!,, 7 
10.2 
21. Q 

ll.5 
12. 7 
1. 1 
2 .6 o., 
C.6 

IQ,2 
12. I 
10, 9 
12.8 
9. 1 

13, C 

2. 1 

l'J,CI 
2ti.9 
31. 7 
3J.2 
35. 1 
25.8 
•• 6 

37 .2 
l6.d 
28.8 

35,7 
29 .9 

Ju.J 

J6. 3 

27 .9 

1.7 

J(I. 7 
](l,J 

15.9 
23,,, 
20.9 

•0.2 
)1,Q 

37,2 
a2 ,) 

••.3 
06 ,6 

sand 
sa11d 
silty Sand 
silty sand 
SandJ Silt 
SaDd·Silt·Clar 
S4Dd-Silt-Clar 
silty Sand 
Silty sand 
sand 
saod 
sa11d-Silt-Clay 
silty sand 
silty sand 
silty sand 
Sl Lty sand 
SlltJ Sand 
silty sand 
sand 
sand 
sand 
sand 
Sand-Silt-Clay 

SlltJ Sd.nci 
Sa.nd·Silt·Clay 
Silty sand 
silty sand 
Si Lty Sand 
Sa11d 
sand 
sand 
Sand 
clayey St lt 
Clayey Silt 
c1arer Silt 
Clayey Slit 
Cle.Joy Silt 
Sand-Silt-Clay 
sand 
Sand 
san~ 
ClaJOJ Sllt 
Silt 
ci.tye7 Silt 
Sandy Silt 
Sand-Silt-Clar 
Sandy Silt 

o.a 
, • 1 

10 .o 
19, 8 
16,9 
25. l 
20. 5 
19, 1 
12.s ,.a 

1. 3 
26.2 
15, 1 
18. I 
17, 1 
IQ,Q 

1J. 7 
10, 1 

1 • 6 
1. 3 
C,8 
o.a 

23.2 
23, 2 
17,9 
20. 7 
16,6 
16, 5, 
10 •• 
2. 2 
C,6 
C ., 
(·. 3 
2. 9 

]&I, 5 
25. 9 
2d .. 7 
31,6 
22., 
6. 7 
C .6 
c.a 

J9.6 
18,8 
35. a 
15 0 7 
2b. 1 
16,6 

0.9 
. •2. 9 
18, I 
39.~ 
61,11 
36. 1 
111,11 
36.6 
30.9 
1,3 ,., 

27 .S 
l6,9 
JO.a 
31.J 
29. 7 
29. l 
Ht,5 
I, 9 
2, 1 
,. 2 
0,6 

02,3 
Q2, 2 
lb, 1 
39, ~ 
]Q, l 
.!8,0 
17. 2 , .. ,., 
o. 6 
o. J 
6.Q 

57. 2 
53. ~ 
16. l 
57.6 
lb, Q 

12. 2 
o.a 
,. 2 

53. 7 
75. J 
SJ. 1 
oo.e 
oa,S 
55. 7 

98, 3 
95. G 
71,9 ,o. 3 
21. 7 
38. 0 
J8, 1 
QQ, q 
56. 6 
96. 9 
97. 6 
06, 2 
•a. o 
07, 1 
51. 6 
55, 9 
57. 3 
l1.Q 
96. 5 
96, 7 
98. 0 
9U.6 
JO, 6 
]G, 6 
CIS.11 
oo. 2 
Q'1. 1 
ss. 5 
72.0 
96. O 
98. 3 
99. 0 
99, • 

7. 2 
e. l 

20, 2 
9 •• 

,c. a 
39, 2 
81, 1 
98,6 
98, 1 
6,8 
S.9 

"· 1 39. 5 
25. Q 
27, 7 

1,7 ,., 
28. 1 
59,8 
78.3 
62,) 
61.9 
55, 7 
11., 
J, 1 2., 

53.8 
52.0 
52,9 
QQ,5 
co. 1 
112. 1 
28.6 
J,5 1.• 
2.0 ,., 

6S.i 
65.0 
so,6 
59.9 
52.9 
u,s 
28,) 
l.6 ,.1 
1.) 
0.6 

92.9 
91. 7 
79. 9 
90.• 
89,2 
60,9 
18. 7 ,., 
,. 9 

93.J 
91,1 
88.9 
60,5 
7'.6 
72.3 

1,9 
2. 3 
3. 1 

'• I ... 
,. 3 
•• J •.o 
3.6 
2. 3 
2, 2 1., 
l, J 
3,Q 
J,5 
J,' 
3.0 
].3 2.• ,., ,.o 
,. 7 
J,9 
3,9 
l, J 
J,6 
],6 
J. 2 
3,0 
2.] ,.1 
,. 2 ,.1 •.a ,.8 .. , ,.a ,.a 
•• 1 
3,0-
2,0 
2.0 
5,0 .. , ,.9 .. , ,., 
s •• 

-------------------------------------------------------------------------------
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Apperuiil 1 - 3 (.::ont). PhJ5ical ... che11ical datd tro11 core sampling Stilt ions i• the Pensacola B•y systc■• :bochvh~tcbee 
Bcty, •nd Pdna1111. City Bays. 

----------- --------------------------------------------------------------- ... ---------------------------
Total Or9anic Ptirc1.?nt Orqanic Slldiaent Percent Perceo.t Percent Perceo.t l!eab 

Stat iotr. Depth Phosphor us NitL·ogon !>qanics C<lrbon Type Clay S1lt Saad ••1 GralD She 
(•J (mq/gJ (mq/yJ (iJ (mg/gJ (SI (SJ ,~, (II 

------------------------------------------------------------------------------------------------------------------
I 10Lli 0 ,QQ 2, 62 12. 7 i,11.] CL1 yey Silt 26. 1 61.~ 12. Q 87, 7 •• 1 
110 0 .Ill 2.01 12. l ]9.J Cldyey Silt 22.0 67. 1 10. 1 89,9 •• 1 
ERIV 0. 5 1,. 98. 1 1.9 1,8 
EB2Q 0 .o, 0,06 o."1 sand C,1 C, 0 99. 9 o. 1 o. 9 , .. r: .6 1. 3 96. 2 ,.. 1,0 
ER20 o.c ~- 1 9q_ 3 o. 7 1,1 
ER20A Not determined o. 1 ~. J 99. 9 o. 1 1, 2 
IHD1 1.0 1.9 97. 1 2,9 1,6 
SERV 1,6 2,' 95, 7 ,.3 o.s 
urn 0 .40 2. 17 10. f) ll2 • 7 Silty sand ... 36,8 so. 7 GS.] 3,6 
EB 19 Sdnd o. 1 n. 1 99. e o. 3 2,0 
eEN o. 7 tGrav) llud :tP.d s 7, 5 ... 87. 5 12. 1 1. 7 .. 2. 19 •• 5 Sandy ••d 25. ll 4<J.5 25. 1 n.9 3,0 .. l.1J •• 7 Sandy Silt 20. 1 Qij,:) 31. J 68 .] 2,6 
IC 2. 02 5.} sandy Plud (G. SH 28. 7 Sti. 7 10. 6 85.] 2,8 
10 1, JU 0. 2 f"inc sand ·1.1 1, 5 96. 8 3, 2 2,. 
Ee o. 78 0 •• Pine Saad o. 7 o. 6 98. 7 1. J 2. 3 
ISC O, I fine Sand (G. Q) 0, 1 ~.6 99, 3 0, I 2, l 
ESC o. 1 !"ioo Sd.nd (G. 01 o. 1 o., 96. 8 o.s 2.4 
G& · 2. 1q 2. 9 Sc1.ndy llu:,, (G,SH) 17 .o ll. 7 48. 7 51, 3 3, 2 
GB 1 • 77 1.9 rtud:1y V F Sand ( 10.2 23, 1 66. 7 33. 3 3, 0 
GC 1, JS ). } f"ine Sand (G. SH) 2,} •.2 93. 1 6,9 2, 7 
GD 1. 08 1.6 Pl.udd.y F Saad 1:.. d ,9 15. 7 75. q 24 .5 2,9 
I& :l. JS 9, 7 Saody ,.Plod 45. 2 11.3. 1 11.1 88,9 3, 2 
18 1.19 8 .o Sandy Plud (G, SHI 111. 2 01.11 15. 2 82, 7 3, 0 
IC ,. 81 6, S Sand.y •ud ]] .. •2. 1 23, 7 76. 1 1,. 
ID 1. Ott 1, 8 Pluddy sand •• 9 9, J 86, 2 11.tt 2, 2 
IE o. 91 0 .6 •ed Sand (G,SH. 1, 3 1,2 97, 2 2, S 1,8 .. 2. 42 •• 2 S.:t.n.:ly .. , 49 .s 39,5 10. 9 89. 1 3. 1 

•• 2. 1 f 6, 6 Sandy ftud (G, SIii 35.0 •o. 2 24, 1 75, 1 2, 9 
KC 1 .89 0, 1 Pluddy F Saod 3 ,8 7, 1 89. 1 10.9 2,3 

"° 1. 71 J •• Pine San:I. (G, SIii . 2. 1 3, 5 94. l s.s 2, l .. 'J. 77 0.2 rine Sand (G, QI 0,3 o. 3 99, 3 0.6 2, 2 

•• 2. 71 9,8 ~ud (G.SH) 59,5 JS, i 4,2 95,5 3, 1 

•• 2. OB 6,6 Sandy Plud (G,SII) 3',3 36,, 30, 7 69,2 2,9 
ac 1. J1 i;o.6 fine Sand (G.SH) 1,8 1,1 97. 1 2,8 2,. 
nD Q. 9ll 0 .6 Pine Sand (G.SII) 1.3 O.• 98, 2 1,} 2,3 

••• 2.e 1 9,0 ••• sand Gra vol 21.8 11.~ ]Q. 5 33,6 2,0 

•• 2, 15 3.6 ••d Sand G['avel ·19.1 10, o- 35, 8 . 29. 1 1, 4 

••c 2.45 0 •• Pine sand (G, SH 3 .o 2.5 93, 2 S,5 2, 1 
••D 1. 56 o. J flna Sand o. 7 0,6 98, 1 1.3. 2,. 
O& 3, 20 9. 9 ••d 61.11 3S, 7 2, 9 .,. 1 3, 2 
OB 2,02 5.6 Sandy l'tud(G,SH) 20 .9 115.J 30. Q 66, 1 l,0 
oc 1. 51 2, 7 rtuddy F sand •• 1 10,9 81, 0 19,J 2,S 
OD 1. 21 o. 6 f"ine Sand (G, SB 1 ,5 1,1 97, 3 2. 7 2.s 

---------- . . - . . 

lppendh 7 - J (Conti • Physical ••d cboaical data froa COCQ sa ■ plin,j statioas i• the Pensacola ••1 syete■, :bocts11bstcbee 
Bay, aod Panama City Daya. 

-----------------------------------------------------------------------------------------------------------------
Totd.l Or9d.nic P11rcent Organic 

Stat ion Depth Phospbo["US Hitro9on organics :.trbon 
1•1 (og/gl (aq/g I ( Ii (oq/gl 

----------
OA 3. 20 
OB 2, 95 
cc 2, 25 
CD 1. 12 
CE 1, 25 
S& a. 82 
SB 3, 75 
SC 3. J 1 
SD ,. 5~ 
S1" 2. ijij 
SI• s. 18 
1EXA8 2. 4ll 
I 4.57 
GA (71J 2, 00 
GB (7llJ 1. 40 
GC (74) o. 50 
OJ (JIIJ 2.10 
OB (7ll) 1,2J 
cc (711J o. ao 
EWA 2, 60 , .. 1.ac 
••c c. 90 
1:BIU 2. lC 
fBWB 1. SJ 
ISD S,6? 
IBD 7,00 
EBD 8.•o 
SBA s. 80 
SBB •• 10 
SBC I, 2C 
UIN-1 1,J-J 
LNH-2 2. 10 
LNH-3 2.40 
LN~-i, 2,30 
LNN-5 2, 10 
urn-6 1,50 
LNS-1 1. 10 
LNS-2 2. 00 
LNS-l 2. 2) 
LNS-4 2. 10 
LNS-5 2.1·) 
lNS-6 1. 30 

o. 13 o. 39 
0.06 o. 16 
0 .04 o. 16 
c.JJ o.72 
0.14 O. lb 
C ,OJ 0,08 
0 ,?9 0,69 
0 .04 o. 11 
0 ,03 0.011 
0,28 0.47 
0,32 o. 21 
0 ,05 c. 72 
o. 10 o. 78 
0 .117 o. 71 
C ,.05 o. 12 
0,03 o. 16 
C.OJ o. J4 
0,03 0.011 
C ,28 o. 63 
0. 28 o. 56 
0.,1 0.6b 
0 .2J o. 51 
Q ,J3 0.02 
0 ,OJ o. 12 
O.l1 o. 53 
0 .]5 0.69 
0 .J] ,),65 
0. 511 o. 65 
0 .V9 o. 45 

•• o 
3. 7 
o.s 
0. 3 
0. 2 

11 .9 
11.2 
8. 7 
o.• 
o.s 
0,3 
8.5 
o.s 
3,5 
1,3 
1.0· 

20, J 
3. s 
0.5 

13,8 
1 •• 
1 .o 
5. 0 
2 .o 

26 .o 
21. 1 
25. 3 

1.2 
c. 7 
1.8 
0. 5 

11. 7 
•• 7 

11.) 
a. 1 
,. 1 

1, 3 
7 •• 

12. 5 
13. 9 
10. 9 
5. a 

17.] 
6,0 

20.3 
36, 1 
11.5 

2 .o 
tiS.5 
s. 7 

' ·4.1 
21.a 
8.5 

l3.5 
36. 1 
JS.4 

2 .s 
,. 1 

6 .c 
1 .s 

Q5. 9 
36 ,5 
3d.2 
)1 .9 

".s 
s. 7 

B.4 
]9 .s 
]ti .c 
42. 7 
2). 7 

Sediment 
Type 

i.udd7 Pine 
ftud:1y Fine 
Silty Fine 

Sa0.d 
Sand 
Sand 

Silty fine s ao.d 
Pine Sand (G. SHI 
Clay 
Clay 
•ud •ed Sand (G. 
fine SaD.:I 
Pied Sand (G, O> 
Oed sand (G,~J 
Ssnd ftud (G, SOI 
ftedium Sand 

14-19 

Pe["cunt 
:1a.y 
(II 

21. 6 
27. 1 

2, 2 
?. 8 
,).5 

67 .s 
69. 2 
2l.0 

0 .5 ,.. 
0 .5 

59. 7 
J,7 

"'orcont 
Silt 
UI 

a., 
22. 1 
1S, 2 
o.:, 
0. 3 

30. J 
25. II 
12. 1 
o. 2 
1,J 
o •• 

27, B 
2, 3 

Percent 
Sand 
(If 

64. J 
50, B 
82, 6 
98. a 
99. 1 

2, 5 
2,. 

45. 2 
99. J 
97. 6 
98. 8 
12. 4 
94. 0 

Percant l!l.eaa 
PIUS Grain Sile 
(II 

35. 7 
Q9. 2 
17.11 
1,2 
0,8 

97 .s 
97.6 
]II. 1 
o. 7 
2,. 
0 ,8 

87 ,5 
6,0 

2,8 
3,0 
2, S 
2, S 
2. 3 
2, S 
3,0 
1,9 
2.0 
1,6 
1, 2 
2,0 
1, 7 



l5-pendh 7 - l (CODt) • Pbrsical and cho1:1i.:<1l data fc0• coro u. ■ plin; stations ha tbe Peasacola Ba.y &f!lta ■, :b0ctnb1tcbee 
e .. ,, anii Ponua cur Says. 

Station 
'I0t.s.l Organic Porcdnt Oc-940.ic 

'DDptb Pb0apb0ruo tHtrogon Oqanlcs :a.rbon 
(■) (■ g/g) ( ■ g/gJ ,,, ( ■ <J/CJ) 

,-, c.01 o.o, o. 1 .. ,., 
1-l C,01 0.01 o., l.1 
a-5 o.~, 1).1), ~.2 .. , ,-, 2.30 o. 18 0.68 6,8 19.2 
1,-10 2. oc, c.09 0.110 2,3 11).9 ,-12 h411) t.t.12 0.61 '9.·l 39 .l 
1,•13 1.00 C·,23 0.53 9.5 36, 1 
1-111 2.60 O.Jl 0.53 16.S 33.6 
l-15 2.n.,· 0.35 O.t&S 13.8 lJ., 1 ,-, 0.08 0.19 ... 20.C 
e-5 G.29 o.n n.1 1111.0 

·-• 0.21 0.60 27.l Q].9 ,-, 0.211 0,111 1:,.1 2d. 1 ,-, C.OJ 0.22 ,., ,., 
8-11 ]. 70 0.12 0.115 12.l n.o 
E.-11C 0.118 0.98 25.J 19.6 ... 2,60 0.20 o.so 12.l 116.J ... 1.110 (i,011 0.32 , .. 6,0 
nc o. 90 0.02 0.19 0,8 ,., 
BIC 1 .eo 0.22 o.6s 111.0 28.Q ... J,110 0.2c O.SJ 16.J S?, I 
ur o.o• o. 39 1 ., ... 
CB- I 2.110 0.118 1.JJ 19.8 111.9 
CB-2 l. 70 O.ll 0.83 22. 1 Q 1.5 
Cl-2 1.00 ti.Qt, 0.68 11 .& 58,B 
CB-2 2.00 C.50 0.110 8.• ll·J,11 
CD-l 2. 10 0.10 2.Sl 22. 7 97. 1 
ti>-• 11.,e () ,]8 (),81 2,.s. 

"" .!) CD-5 7.BC O.Jt.i 1,58 17.l 62.11 
CD-5 ,.oo 1.01 15.2 "~ .J ce-s Z.00 o.ea 13.9 70,l 
CB-6 10. 70 o.u 2. Sl 21).:Z 67, 1 
!BH 2. JO c .oe 0,G) 8.0 16,11 
1811'8 1. 70 c.oa 0.211 ,., ,., 
UIIC o. 90 0 .02 o. l1 , .. ,., 
ISD S,60 0,GO o.u 18.9 16. 7 

•• 2.00 c.12 O.ll ,.z 15,Q 

•• 1.•o 0,06 o. )2 1 •• . .. 
GC ,.aJ 0.02 0, 18 ,.z , .. 
•• J,90 0,31 O.Sl 21.8 16.6 

•• ,. 20 J,O 
OC 0,80 0 .OIi 0.31 9.J 7,8 
i'C-1 Q, 10 o.Jl 1.21 13.0 05,1 
,c-2 8.20 0,118 1.10 11,9 ,o., 
IC"'l 2.60 o.oa 1.U IJ.9 65. 7 
PC-II 11,JO o.ns 1.60 16. 1 58.9 ,c-, 6. 70 0,6S 1,l,, u.11 ,6,l 
PC-6 9.10 O.JB a.so ,.8 15. 7 
sc-1 10. 10 0,62 I, JS 15.1 71,6 
PC•I a.20 0.63 1,\) 2S.7 1ss.~. 
PC•9 6.20 o. 18 0.60 ... 17,2 ... l:~8 8:~~ Ul ,U ,l:l , .. 
AC•I 2.30 0.16 0.118 5.8 21 .a 
IC-2 2.00 o.u. 0.60 ... 25. 7 
c-1s 0.25 1.c, 12.l 110,9 
188-.1 2. 70 o. 7., ,. 26 12.0 ·45,S 
ue-s l,'JO 0.06 o. 75 2,l 11.9 
182-0 1.20 0.02 0.11 O.J , .. 
UB-1! o.so 0.02 o. 23 o., , .. 
!B!-C 2.JO 

-----------

Sodi■ont 
Typo 

Percent 
:lc1J 
1•1 

Perce.r:ac. 
Silt 
1•1 

Poccent 
Saad 
(!') 

P•cc;ut l!U!UI 
l!u~ Guh Sin 
1•1 

-------------------------------------
lppaadh 7 - J (c0&&tt, !lotal .analf8i11 ruiiulta fer au c:oro aa ■ plou u, tho Pffnaacola Bay ayatc■• 

Station Co 
pg/1 

•- • <2.0 
1-J· <2,:0 
•-5 <2,0 ,_, 

16.C-
1-10 , .. 
1 .. 12 20,0 
1-13 11.0 
1-111 19., 
1-1s 2-l.~ 
B-1 <S,·J 
B-5 1),0 

•-• ll.O 
a-7 12.0 
8-9 <5,0 
8-11 111.0 
B-11C 21.0 

••• n., .. , <2.0 ••c <2,1) 
ere 6,9 .,. B,0 
en <5.0 
CB-l 12,0 
ce-2 10.0 
ce-2-1 n.o 
ca-1-2 n.c 
CB-l ,., 
ca-u 111.0 
cs-s 12.0 
ca-s-1 ,., 
ca-s-2 IJ,O 
CB-6 u.o 
EBVI S, ~ 
EBW8 <S.I) 
!B'IIC <S.0 ... 16.C 
GI 8.0 •• <5,C 
GC <S,C 
01 2').I'.:) 

•• ,., 
oc <S.O 
PC-1 5.• 
PC-2 s.o 
PC-l s.e 
PC~Q 5.8 
PC-5 6,2 
PC-6 2.8 
PC-1 s., 
PC-8 ... 
l'C-9 <2.C ... (11,11 
rn 11.C 
IC-I 10.c 
IC-2 15,C 
C-15 Jl.O 

-----------· 

.. u Cr 
µg/1 J:19/l J:19/1 

<8.C oo.o ,., 
<8,0 <1C.0 s.c 
<a.o 11.0 5.0 
16,0 <8t-,0 n.0 
10.0 <78.0 12.c 

150,C <78,0 63.C 
12.0 <ao.o 19,C 

, 10.c (78.0 Sl,t' 
110,C <BC .O SIi, C' 

26,C <BC .C ,., 
71.0 <79.0 511,0 
11.0 <79.0 52.C 
!,Q,C <80.0 u.c 

<20.(' <BC,C (Q,(' 

99,C· <BC,,0 111.c 
, 10.c <BC ,0 67.t 
55.0 211,1) 02.r 
<8.C 28,0 5,C 
<B.C 26,0 .. , .. , <79.0 so.c 
35,0 <80.t 58.C 

<2i:>.C <BC .c s.c 
no.r: S•.C '71.C· 
90.0 20.0 76.C 
SIJ.C 211.0 72,( 
'!,'1.~ 26.0 RO.t 
57,C IIQ.(! Qll,C 

1s1.c QI., 80,(1 
83.C lb.t eo.o 
SJ.C 5C!.O: Sl.C 
9).(! )2.0 66.C 
86.t llt,(! 12.c 

<20.0 <79,0 22,C 
<2:,.c <SC .C 16.e 
<20,C· <BC ,0 ,.o 

19.0 .32.C 68.t) 
q5,C <BC ,O 26,C 

<20,C <79.0 13. C, 
<21,t'.' <B~ ,C •.e 
11J.C (!!('.( 68.C· 
JS.C <9C.0 19,C 

<2J,C <19.(i Q,(, 

JS,C- 5o.c 62. S 
311.C 1r:.o 57,': 
l8.C S6.C 68.C 
a2.c 66,Ci 75,C'· 
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Appernlix 7 - q. ?ezticide5 concentrations in the sediments of the Pensac~la 
Day 5y5tem during 1973 through 1g7q• 

fe3ticioie 

Aldrin 

-- Lindane 
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Chlorobenzilate 

[DD 

tDE 

[CT 

tie.l.<irin 

End r.i-11 
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toxap!,ene 

tiazinon 

Guth ion 

!!ethyl r-arathiun 

Fara th ion 

Ila la tniun 
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'Irithion 

!'lire~ 

Approximate ,inimum Detection Limit 
(µ')/kg) 

•). 25 

c. 10 

2,5!) 

25.'J0 

},5) 

1. } ) 

' -. J.-:, ~T 

1.n 

J.25 

1., ., ~ 
.... .J ... 

25.-n 

,. ),J 

4 • Jr~ 

2. ;jC, 

1. ·j~ 

Appendix 7 • 5, Nutri.:mts (m'l) ~resent in the re~ctor v.tter by :lay numner io toe 
5edim2nt outri~ot rcl~ase 3tudy. 

-------------------------------------------------------------------------------------
Stat ion 

EGLY 

HKV 

ray 
Nu~ber 

~ 
3 
6 
9 

1; 
16 
2~ 
24 
33 
41 

"" 54 
6C 
&5 
67 

" b 
11 
17 
:ib 
32 
Jij 
"0 
42 
45 

Total 
!JtH>Sphoruo 

(ID<J) 

1, 12d 
,,bH 
~.387 
o. ;:93 
c. 2411. 
o. ,o 7 
0,613 
C,b 13 
1,241 
C,4% 
C,8d4 
0,344 
C,577 
c,. 1..:,1.1 
0.4~6 

C,230 
0.23( 
C. 23·) 
C,274 
C,2JC 
C.2 lJ 
C, 231 
C,317 

C,660 
v, HO 

Nitrate-· 
~itrit.e 

(mgJ 

J. 52•! 
-~. 52~ 
·),ijJ5 
~.52 ➔ 
.) • 52U 
': .I.Id~ 
0,48~ 
.} , 0111 
o,our 
J. 36") 
0.202 
1,262 
·J. 262 
J,26. 
i),262 

J. 2 3,' 
1. 7~li 
1. ",~ 
1. ~ 1 :' 
~ ,65U 
o. 258 
). 0)4 
).2b~ 

J, 26: 
o. 261 

TKt: 
(mg) 

7. 2) 
12, 99 
15. 12 
22,8U 
29,63 
29,'id 

16G,44 

14~. ,~ 

61,95 
45,71 
4d, 73 
ta 1.·90 

4, lij 
4,99 
2,79 
4,42 

J. 1a 
J,02 
2,8:l 

1.93 
1. J: 

,otal 
~it r~~eo 

(ag) 

7.73 
13.52 
15. 55 
2 3. 41 
lv, lb 
B.56 

166. 92 

1~~.55 

b2, 21 
45, 97 
48. 99 
411, 12 

4, 37 
b,69 
4, 21 
5. 43 

), 44 
J, 45 
3. 14 

2, 19 
1. 56 

Dii;solve4 
oxyg,o 
(mg/1) 

7,7 

A, 1 
8,J 
d.!J 
6,4 
9,9 
s.a 
4,7 

9,J 

8.6 

7,5 
8. 1 
7.4 

8,8 

8,2 
7,4 
1,a 

----------------------------------------------------------------------------------
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Appemlix 7 - 5 (c:>nt), Nutrients (mg) pr,isent. in the re'1ctor llilter: by day aulllbei: in the 
~edimant nuti:ient release study, 

----------------------------------- . ___ - __ . ---------------------------------------------
Station 

Dny 
Number 

Total 
Phosphorus 

(mg) 

Nitrate
Nit.rite 

(m9) 
TK N 
(mg) 

rotal 
Nitrogen 

(mg) 

DiSJOlve:l 
oxygen 
(mg/1) 

----------------------------------------------------------------------------------- .-----
EIIL 0 C,B8 0. 3 12 1:1. sa 8, 89 

3 0,256 'l. 564 1, 94 6.50 d,6 
(, 0,256 1,657 8,% 1 o. 62 
9 0,256 1,859 15,Cl 16. 87 8.8 

12 0,256 2, 03li 12, 25 1 u. 211 8,6 
16 C,256 3,026 20.93 2 3, 96 8. r, 
20 o. 702 li, 2 56 24,62 211. 88 7,6 
24 C.504 5. 1 •j6 10.49 1 s. 60 11. 6 
33 C.866 ti, 122 18, 21 26. 33 7.2 
41 0. 1142 25.82 
4r, 0.132 22. 77 7. 1 
54 0.256 11,5&9 17, 93 29,50 
60 1, itl2 12. 3 68 8. 7 
65 0,406 13.381 15.06 28, liU 
67 0.362 13,375 4, 39 1 7, 76 8. 1 

EKIIP C i),290 0.242 2. 66 2. 90 7.8 
4 0.293 0.886 6. 72 7. 61 1,3 
6 0,294 0,603 3,88 4,48 9,4 ,, 0,294 0.508 4, 28 4.79 

17 o. 2117 ·), 381 2.85 3, 73 7.3 
2r, 0,247 0. 78tl 10.01 1 o. 8J 
32 0.2111:, 1,275 R,65 9. 93 
30 0,568 1. 411 1, 34 0. 1s 
40 7.3 
42 0,3liC 7.7 
45 e-. 34 1 1.942 8. 59 1 O. SJ 9. 1 

Appendix 7 - 5 (cont.). Nuti:ients (my) present. in tLe reilctor water by day numbei: in the 
sedimant nuti:ient release study. 

Station 

'EPLi:' 

EhPB 

Day 
Number 

C, 
3 
6 
9 

12 
16 
2G 
21> 
33 
41 
4o 
511 
6(; 

65 
67 

C 
'I 
0 ,, 

17 
2o 
32 
38 
UC, 

42 
us 

Total 
<'hosphorus 

(lli<j) 

o.a12 
C,225 
0,477 
0,366 
0,232 
0,230 
0,45•J 
O,Jd5 
1,311 
0.457 
o. 333 
1,290 
C,903 
0,91)3 
c.766 

C•,U':,8 
0,455 
~·. 4 )7 
0, ll )q 

(j, 2U 1 
C. 2~ 6 
C,515 
C. 6 2o 

C. J~ 1 
0, u 71 

Ni trat.e
Ni trite 

(mg) 

•,). .232 
j. 221 
0,225 
·). 401 
J, li ·) 1 
·), U41l 
':1 • SSJ 
(), 532 
.) , 1145 
},40;> 
2,23U 
7.781 

11, :J 111 
b,670 
'1,860 

0, 211•~· 
J.832 
0,808 
}.763 
1,433 
1 •. 'J 35 
4,3% 
::I • 1 :) J 

11. 4-:2 
11. •~OJ 

TK N 
(mg) 

6. 26 
9 .6'.) 

16. 56 
111,33 
23, 36 
20. 63 
2.l.83 
2d. J 1 
3•~, 19 
31. 22 
11, 77 
24. 63 
15, 9'} 
17, 36. 
17. 53 

6. 36 
4. 1~1 
4, 59 

IS, ·:u 

1,,, 27 
16, 94 
9, 17 

6. 11 
'J. 7'J 

!'otal 
Nitrogen 

(mg) 

6. 49 
9. 83 

16. 79 
14, 73 
23. 76 
2 7, 07 / 
2 4, 38 I 
28. 86 
3C. 63 
31, 62 
34, i)i) 
32.46 
27,00 
24, ]3 
.22, 39 

6,60 
ll. 93 
5,40 

1 &. d0 

1 u. 11 
~ 1, 34 
1 7. 27 

1 7. 51 
2 1, 19 

I 

Dissolved 
oxygen 
(mg/1) 

7.2 

7. 1 
8.0 
8,7 
7,8 
7,6 
6, (I 

5.2 

8,5 

9, 1 

6. 11 

5,0 

5,6 
7,9 
8. () 

-----------------------------------------------------------------------------------------
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Appendix O - 2. 

Appendix~ - 2. Location, Storet retrieval information, and para~cters 
Sill'lpled for all sampling stations occuj)ied by US-r.PA and University 
of west Florida during the cscambia Day Recovery Study. 
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PARAMETER 

00008 
00010 
00070 
00077 
00300 
00301 
00343 
00400 
00480 
00600 
00605 
·0•0610 
00625 
0,0630 
00665 
-00671 
'00680 
31505 
31615 
32230 
32231 
32232 
70507 
00003 
00530 
00608 
00631 
00681 
00094 
00690 
70305 

·10990 
00299 

DESCRIPTION 

NUMBER USED IN SAMPL~ ACCOUNTING PROCEDURE 
TEMPERATURE, WATER <DEGREES CENTIGRADE> 
TURBIDITY, IJACKSON CANDLE UNITS) 
TRANSPARENCY, SECCHl DISC (INCHES> 
OXYGEN, DISSOLVED <HG/L) 
OXYGEN, DISSOLVED <PERCENT OF SATURATION) 
OXYGEN OEMANO, TOTAL <MG/LI 
PH (STANDARD UNITS> 
SALINITY - PARTS PER THOUSAND 
NITROGEN, TOTAL tMG/L AS· N> . 
NITROGEN, ORGANIC, TOTAL. IHG/L AS NI 
NITROGEN, AMMONIA, TOTAL <MG/LAS NI 
NITROGEN, KJELDAHL, TOTAL, (MG/LAS NI 
NITRITE- PLUS NITRATE, TOTAL· l DET, (HG/L AS NI 
PHOSPHORUS, TOTAL (MG/LAS Pl 
PHOSPHORUS, DISSOLVED ORTHOPHOSPHATE CHG/LAS Pl 
CARBON, TOTAL ORGANIC IHG/L AS Cl 
COLIFORH,TOT,MPN,CONFIRMEO TEST,35C (TUBE 31506) 
FECAL 

0

.COLIFORM,MPN,EC MED,44,SC <TUBE 316141 
CHLOROPHYLL: A CMG/LI 
CHLOROPHYLL_-B CMG/LI 
CHLOROPHYLL C CHG/LI 
PHOSPHORUS,IN TOTAL ORTHOPHOSPHATE CMG/LAS P) 
DEPTH IN FEET ·. 
RESIDUE, .TOTAL· NONFILTRABLE (MG/L) 
NITROGEN, AMMONJ°A•, DISSOLVED <MG/L AS NI 
NITRITE PLUS NITRATE, DISS, l DET, CMG/LAS NI 
CARBON, DISSOLVED ORGANIC IMG/L AS Cl 
SPECIF.IC CONDUCTANCE,FIELD IUHHOS/CM P 25C) 
CARBON, TOTAL IMG/L AS Cl· 
SALINITY BASED ON'CONDUCTIVITY 
PHYTOPLANKTON PRODUCTION,C-14 METHOD IC-G/MJ/HRI 
OXYGEN, DISSOLVED CELE~TRODEI (MG/LI 

·--------------------------------------------------------------------------------------------------------------------------
AGENCY PRIMARY STATION SECONDARY STATION LOCATION STATE MINOA BASIN 

I IIJTOTO 120345 BJIV CHANNEL MARKER 30 -FLORIDA BLACKWATER BAY 
IZOJT5 EPRF NEAR OYSTER PLANTING S OF. TROUTS FLORIDA ESCAMBIA BAY 
IZOB60 A•Oll IIZ Ml Z10 DEGREES W OF OZI •FLORIDA UST BAY 
IZ0865 A•OIZ 3/5 Ml Z10 DEGREES • OF ozz FLORIDA· EAST BAY 
IZ0870 , A•Oll 213 Ml Z70 DEGREES • OF OZ3 ·FLORIDA EAST 8AY 
IZ0855 A•OZI CHANN[L MARKER R 11 16" ·FLORIDA UST BAY 
IZ0850 •-ozz CHANNEL MARKER A II l 2" FLORIDA UST 1BAY 
120845 A•OZJ CHANNEL MARKER A "8" . FLORIDA EAST BAY 
IZ0110 A•Oll I Ml 91 DEGREES E OF OZI FLORIDA , EAST BAY 
IZOHS A-032 IIZ Ml 180 DEGREES S OF 031 FLORIDA . UST BAY 
IZOTBO A•OJJ IIZ Ml 180 DEGREES S Of OJZ FLORIDA · EAST BAY 
IZOTBS A..:041 1/Z Ml 180 DEGREES S OF 033 FLORIDA- UST BAY 
IZ0790 A-042 IIZ Ml 180 · OEGREES S oF 041 FLORIDA EAST BAY 
IZ0795 A-043 I IZ Ml 180 DEGREES S Of 04Z FLORIDA USl BAY 
IZ076S A•051 3/5 Ml l N OF 05Z fLORIOA EA5l ·au 
IZ0760 •-05z· 3/5 Ml T N OF 053 FLORIDA. USl BAY 
IZ0755 A•053 3/5 Ml l N OF 091 FLORIDA' EASl BAY 
IZOTZS A-061 4 Ml 84. DEGREES E Of OZJ fLOAIOA EASl BAY 
IZOTJO A•06Z I Ml 180 DEGREES S OF 061 fLORIOA USl BAY 
IZ07Z0 A-063 3/4 Ml 91 DEGREES E OF OZJ FLORIDA EAST BAY 
IZ0880 A-071 l/4 Ml ZZ7 DEGREES S• Of OZJ FLORIDA EAST BAY 
IZ0875 A•07Z I /4 MI Z06 DEGREES S• OF 023 fLORIOA· EAST BAY 
IZ084D A-073 ·1 I /3 MI. 190 OEGREES SW OF 023 fLDAIDA EAST BAY 
120800 A-08I IIZ Ml 180 OEOREES S OF 043 FLORIDA EAST BAY 
IZ0805 A•08Z IIZ Ml 180 DEGREES S OF 081 FLORIDA · UST BAY 
IZ08l0 A•08J J/S Ml I BO DEGREES S Of 08Z FLORIDA EAST BAY 
IZOTSD A•09I J/S T N OF 092 FLOAIOA- EAST BAY 
IZOHS A·09Z J/5 Ml T N ·OF 093 fLORIDA .. EAST BAY 
120740 ,A•093 1/Z Ml T N Of 123 FLORIDA EAST BAY 
IZ0885 A-IOI Z Ml 247 OEGREES SW Of 023 FLORIDA EAST BAY 
IZ0890 •-102 4/S HI 19z· DEGREES s• OF IOI fLORIOA EAST BAY 
IZ0895 A•IOJ J/4 Ml I 9Z DEGREES SW OF I OZ FLORIDA. UST BAY 
IZ0900 A-lo• ZIJ Ml I 9Z OEGREES SW OF I OJ fLORIOA EAST BAY 
IZ0835 A"l11 I 4/5 Ml 180 DEGREES S OF 023 . fLORIOA· EAST BAY 
IZ0830 A•IIZ Z 112 Ml 180 DEGREES 5 OF OZJ FLORIDA · UST BAY 
IZOB2S •-113 J l/5 Ml- 180 DEGREES 5 or OZJ fLORIOA. EAST BAY 
IZ0815 A•IZI J/5 Ml 183 DEGREES S OF 083 FLORIDA EAST BAY 
IZ08ZO A•IZZ J/S Ml 180 DEGREES S OF 121 FLORIDA EAST BAY 
120735 A•IZJ-- J 112 Ml IZ9 DEGREES SE OF OZJ FLORIOA UST BAY 
120075 ADGV: · EAST BAY FLORIDA EAST au. CHANNEL AT BUOY 12 
IZOJIO AFSX MILLER PT WEST OF PWR CABELS FLORIDA EAST BAY 
IZOJ65 AOJI .. . CENTER Of EAST BAY FLORIDA UST BAY 
120360 AGPH- 3000 YOS WEST ·or POWER LINES FLORIDA UST BAY 
IZOJ05 AGTA" MILLER PT AT .POWER CABLES FLORIDA EAST BAY 
IZ0300 AGUF MILLEA PT, EAST OF PWR CABLES s FLORIOA EAST BAY 
IZ0070 AJFO· EAST BAY· : FLORIDA EAST BAY CHANNEL AT BUDY 4 
IZ0065 AKAA EAST BAY FLORIDA- EAST BAY AT BUOY 1, I Ml s 
120370 ALEX 'REOflSH COVE IN LINE WITH CHNL FLORIDA. UST BAY 
IZOJ8S BFEI BUOY 40 IN BLACKWATER RIVER FLORIOA BLACKWATER RIVER 
IZ0350 BNGA -CHANNEL MARKER Z4 ·1., fLORIOA BLACKWATER BAY 
IZ035S BREA CHANNEL MARKER 18 FLORIDA BLACK•ATER BAY 
IZOTOO E•OII: .1: Ml Z88, DEGREES NW Of OZI FLORIDA· ESCAMBIA BAY 
IZ070S E•OIZ I · 1/J Ml zeo DEGREES NW OF ozz FLORIDA ESCAMBIA BAY 
120710 E•OIJ " · -5/8· HI EAST' or STATION OZJ FLORIDA ESCAHBIA BAY 
IZ069S E•OZI 

0

2/3 HI NORTH, Of STATION 022 FLORIDA. ESCAMBIA BAY. 
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,\, ,onf.ix 8 - 2 (cont. I-

---------------------------------------------------------------------------------------------------------
A0£.NCY PAJMAAY STATION SECONDARY STATION LOCATION SU.TE MINOA BASIN 

lllJ1070 120690 E-022 213 Ml NOATH Of' STATION 023 f'LOAIDA ESCAMBIA BAY 
120HS E-023 2 1/Z Ml N Of SIIIING BAIOGE rLOAJDA ESCAMBIA BU 
120660 E-031 l l/2 Ml 'IINII. or N •1•• f"\..OAlOA ESCANSU. SU 
120655 E•OJZ l Ml IIINIII Of' N 11 14" f'LOAJDA ESCAMBIA BAY 
120650 E-033 1/Z Ml IIINW Of' N "14" f"LOAIOA ESCAMBIA BAY 
120715 E-041 RE Alf' "18" f'LOAIDA ESCAMBIA BU 
120665 E-0•2 C "15" f"LOAIOA ESCAMBIA en 
IZ06•5 E-O•J N "I•" FLOAJDA ESCAMBIA BAY 
120680 E-051 l 1/Z NI f'ROM CISI.ONLINE MULLATO f'LOAIDA ESCAMBIA eu 
120675 E•OSZ · I Ml f'AOM c1s,0NLIN[ MUI.LATO BYU f'LOAIDA ESCAMBIA BAY 
12(1670 E-053 112 Ml f'AOM C15,0NLINE 1111 MULLATO f'LOAIDA ESCAMBIA BU 
IZ0640 E-061 112: Ml f'AQM CHANNEL f'LOAlDA ESCUIB(A BAY 
12:0625 E-062: 1/2 Ml 'II Of' N 11 1211 f"\.ORIDA ESCAMBIA BAY 
120620 E-063 l/2 Ml 1111 or N 11 10" f'LORJDA ESCAMBIA BAY 
120635 E•07l MIO CHANNEL ONLINE BTIIIN 110 , AR f'LORIOA ESCAMBIA BAY 
120630 E-on N "12" f'LOAIDA ESCAMBIA BU 
120615 E-073 N "10" FLORIDA ESCAMBIA BAY 
li:!0605 E-081 100 YADS Of'f' STAKES DUE SOUfH . FLORIDA ESCAMBIA BAY 
li:!0600 E-082 2 1/2 Ml FROM C11 7 1140NLJNE JNDN a FLORIDA ESCAMBIA BAY 
120610 E•083 I NJ FROM STAKES ONLINE AA REf' 2 f'LORJDA ESCAMBIA BAY 
120595 E-084 2 Ml FROM C11 71140NLINE ·INDIAN BYU FLORIDA ESCAMBIA au 
120590 E-085 1 Ml f'ROM C11 71110NLlNE INDIAN 8YU FLORIDA • ESCAMBIA au 
li:!0580 [•091 JI• NI E OF 8A STUONLINE N"•"" FLORIDA ESCAMBIA BAY 
120575 E-092 l 1/4 NJ W or N11411IQNL'INE BA STl'I FLORIDA ESCAMBIA BAY 
120570 E-093 J/4 NJ 1111 N114"10NLJNE BRICl'I STACl'I FLOAJOA ESCAMBIA BU 
120585 E•IOl C 11711 FLORIDA ESCAMBIA BAY 
120565 E-102 N n4n FLORIDA ESCAMBIA BAY 
120545 E•lOJ N "1211 RA AEf f'LOAIOA ESCAMBIA BAY 
120560 E--111 3/4 NJ E OF N n4n f'LOAJOA ESCANBIA BAY 
12osss E•ll2: 2 Ml FRON C•7" ONLINE WITH IND 8 FLORIDA ESCAMBIA BAY 
120SSO E·lll l l/4 NI E N•4•1,l/2 Ml Of'f' E 8NJC FLORIDA ESCAMBIA BAY 
120540 E-121 2 Ml OFF N •12"10NLINE AERO SN FLORIDA ESCAMBIA BAY 
120535 E•l22 l 112 NI OFF AERO 8N40Nt..lNE N 12 FLORIDA ESCAMBIA BAY 
120530 E•l23 3/4 JIii l OFr A[AO BNIONL I NE N • 12• FLORIDA ESCAMBIA BAY 
120515 E-lll I l/4 NI 1111 OF 14111 NI SW OF NU f'LOAIDA ESCAMBIA BAY 
120520 E--1l2 3/4 NJ S o, lllU NJ ENE AERO BN FLORIDA ESCAMBIA au 
120525 [•Ill 3/4 NI S OF 1l2U MJ E OF AEAOBN FLOR JOA ESCAMBIA BU 
120510 E-141 3/4 NI N OF 142 f'LOAIDA [SCANS I A BAY 
12D505 E•1"2 3/4 NI N Of' 143 FLORIDA ESCAMBIA BAY 
120s00 E-10 4 NJ E AREO BN/2 NJ 1111 GARCON PT FLORIDA ESCAMBIA BAY 
12012S EADO WHITE A. 3 Ml ABOVE NOUTH FLORIDA ESCAMBIA BAY 
120200 EADT WHITE RIV AT HUD OF SIMPSON RIV f'LDRIDA ESCAMBIA BAY 
120195 EBFO SIMPSON RIV AT WOODBINE BAYOU fLDRIDA ESCAMBIA BAY 
120205 ECEC SIMPSON A LOWER BR. lNJ FN HEAD FLORIDA ESCAMBIA BAY 
120ll5 ECON SIMPSON R 1.3 Ml ABOVE US•90 BR FLORIDA ESCAMBIA BAY 
1201•0 EDFE BfNNY BAYOU AND DEAD Rlv.-CONf'Lu FLORIDA ESCAMBIA BAY 
120210 EDIP SIMPSON RIV NOUTH ABV us-to BA. FLORIDA ESCAMBIA BAY 
120130 EOIV SIMPSON RIV. BELOW US--90 BRIDGE FLOAJDA ESCAMBIA BU 
120280 EDJL UPPER en NEAR FLORJOAlOWN FLORIDA ESCAMBIA BAY 
120285 [DKV uPPEA BAY NEAR FLOAIOATOWN FLORIDA ESCAMBIA BAY 
120225 EDLU [SC.SU e6NJ NW Of' UR PROD OSCO FLORIDA ESCAMBIA BAY 
120180 EEDG [SC.RIV AT BUOY N32 CNTR CHAN. fLORIOA ESCAMBIA BAY 
120120 EEOR ESCAMBIA R UPSTN S CNF'LU WHITE R FLORIDA ESCAMBIA BAY 
120145 EEEM LITTLE WHITE A 1.75 Ml ABV NTH f'LDRIOA ESCAMBIA 8A'f 
120190 [[HF LIT.WHITE A • • lMI FM BENNY BAYOU FLORIDA ESCAMBIA BAY 

Appendix R - 2, (cont.1. 

AO[NC'f PRIMARY STATION SECONDARY STATION LOCATION STATE MINOA BASIN 

l11JT070 120020 EEU ESCANBI" BAY FLORIDA ESCAMBIA BAY NEAR NOUTH Of 
120230 [EKD [SC.en .7NJ E. OF AIR PROD OSCO FLORIDA ESCAMBIA BAY 
120290 EEKE UPPER BAY NEAR FLOAlDAfOWN FLORIDA ESCA"BU BAY 
120160 EEKV o.8M s. OF FLORJDATOWN •f'LOAJOA ESCAMBIA BU 
120215 EELI ESC.BAY .2Ml FM AJA PROD DSCHO FLORIDA ESCANB I A BAY 
120220 EELL £SC.BAY .SNI FM AJA PROD DSCHO f'LORIOA ' ESCAMBIA BAY 
120260 [f'KN [SC.BAY .8NI NIii OF AN.CYN. BOIL FLORIDA ESCAMBIA BAY 
1202JS EFLI £SC.BAY .SNJ S. OF AIR PROO OSCG FLORIDA ESCAMBIA BAY 
120015 EFLU ESCAMBIA BAY FLORIDA ESCAMBIA BAY O~E Ml Nw or F 
120115 EGEC ESC.Rlv.DWNSTN GULF P DISCHARGE FLORIDA ESCAMBIA BAY 
120150 EGHI [AST RIV l NI UPSTM FROM NOUTH FLORIDA ESCAMBIA BAY 
120255 EGLU [SC.BU .SNI WSW OF AM.CYN BOIL FLORIDA ESCAMBIA au 
12016S EGLY o.•N S.lf OF FISHEANANS POINT FLORIDA ESCAMBIA BAY 
120240 EGJilK [SC.BAY AT AN.CYNe OUTFALL BOIL FLORIDA ESCAMBIA BAY 
120155 EGMW f'ISHERMANS PT• 200 YO OFFSHORE FLORIDA ESCAMBIA BAY 
120000 [HGD [SCANBU RIVER FLORIDA ESCAMBIA RIVER AT NOVY 90 
120185 [HlA ESC.AIV AT BUOY N2Z CNTA. CHAN. FLORIDA ESCAMBIA BAY 
120250 EHLM (SC.BAY .6MI S-.i OF AM.CYN. 801\, FLORIDA ESCA.MBJA BA'f 
120245 EHJilH [SC.BAY .SMI SSE OF AM.CYN. BOIL FLORIDA ESCAMBIA BAY 
120330 [HPK 500 'fDS S.E. OF AA BRIDGE FLORIDA ESCAMBIA BAY,MULATTO BAYOU 
1200-0 EIIL f'LOAIDA £SCAN BAY HALF MI NE a, ELL 
120030 EJKC ESCAMBIA BAY FLORIDA ESCAMBIA BAY C:HANNEL AT euo 
120035 EIME [SCANSU BAY FLORIDA ESCAM BAY HALF NJ SW OF MUl 
l203JS EKLQ OoJMI FM W SHOR[ JUST ABV AR BA. FLORIDA ESCAMBIA BAY 
12004S [KMP ESCAMBU BAY fLQAJDA ESCAN B CHAN BETWEEN 1•10 A 
120050 EMQC ESCAMBIA BAY FLQRIDA ESCAN 8 o. JS Ml w or MOUTH 
120055- EMN9 ESCA.MBU en FLORIDA. ESCANBU BAY CHA.NH£\. Al euo 
120175 EPLP 0.2N SE Of' CHIMNEY STACK FLORIDA ESCAMBIA BAY 
120010 ER•lO ESCAMBIA RIVER FLORIDA ESCAMBIA R AT UPPER BLuFFS 
120025 ERPS ESCAMBIA BAY FLORIDA ESCAMBIA BAY CHANNEL AT euo 
120060 ETLO ESCAJilBIA BAY FLORIDA ESCAN 8AY ONE NI NE or NAGN 
120170 ETQE 0.3 M WEST OF HERNANDEZ PT• f'LOAJDA ESCAMBIA BU 
llOOOS GULF GULF or MEUCO FLORIDA PENS ENT CHAN AT BUOY 2 IN 
120380 PEUE Oe6Ml ABY US•90 BR,CNTR Of' BAYOU FLORIDA PENSACOLA BAY ,BAYOU 1EHA 
120080 PHZH PENSACOLA BAY FLORIDA PENSACOLA BAY 2.3 Ml NO--EAS 
li:!0085 Pl VP PENSACOLA BAY FLORIDA PENSACOLA BI.T U BAY BRIDGE 
120095 PJPD PENSACOLA au f'LOAIDA PENSACOLA au AT ENTA TO a. 
120090 PJRT PENSACOLA au FLORIDA PENSACOLA en CHANNEL AT BU 
120100 POOH PENSACOLA BAY f'LOAIDA PENSACOLA an CHANNEL BTW e 
120105 PPJV PENSACOLA au f'LOAIOA PENSACOLA BAY CHANNEL AT au 
120110 POJO FLORIDA PENSACOLA INLET AT BUOY 10 
120265 RSDE NOUTH OF SOLDIERS CREEK FLORIO" PERDJDO BAY 
120275 ASD! NOUTH OF SOLDIERS CREEK FLORIDA PERDIDO BAY 
120270 ASDJ AT MOUTH OF SOLDIERS DAEEK FLORIDA PEADIOO BAY 
12047':t """ .s Ml S.[. OF QEN•S LAKE FLORIDA CHOC TA.WHA TCKEE an 
120455 YJVN MDWY BTWN WHITE I BUCCAROO PT FLORIDA CHOCUVHATCHEE au 
120460 YKRN MDWY BTWN COBBS I BUCCAROO PT• f'LOAIDA CHOCUVHATCHEE BAY 
12005 YK7U 1.c.w. MILE 237 FLORIDA CHOCTAWHATCHE[ BAY 
l2048S YLGN MOUTH Of' GARNIER BAYOU FLORIO" CHOCTAWMATCHEE en 
120470 YLNS 1 .a Ml• UST OF BUCl'I POINT FLORIDA CHOCUWHATCHEE en 
120450 YLZB 1 •• NI s.s.1111. OF WHITE POINT FLOR JOA CHDCUWHATCHEE BAY 
120480 YNKf' 1 • NI SOUTH or BLACK POINT f'LOAIDA CHOCUWHATCHEE BAY 
120490 YOFY MOUTH or NARROWS, ICW MARKER • FLORIDA CHOCTAWHATCHEE BAY 
120440 YQ91' 1.5 Mt N.1111. OF HORSESHOE BAYOU FLORIDA CHOCUWHAfCHEE BAY 
120465 YPOO .z Ml Ne OF US•98 BA. AT DESTIN FLORIDA 1 CHOCUWMATCHEE en 
120420 ZHQH l Ml S.w •. NTH .OF AUOUA BAYOU FLORIDA CHOCUWHATCHEE en 
120425 ZIMY .15 MJ N. OF 1.c.w. NARltEA 47 FLORIDA CHOCUWHATCHEE BAY 
120435 ZJEJ MDWY BTWN HANNOCl'I I f'OURMILE PT f'LOAJDA CMOCUIIIHATCHEE BAY 
120410 ZJVW -. 1 Ml S.W. OF NTH LA GRANGE BAYOU f'LOAIOA CMOCUIIIHATCH[E' BAY 
12005 ZLOE MARKER 1 IN LA GRANGE BYU CHNL FLORIDA CHOCUIIIIHATCHEE BAY 
120430 ZNHV .7 Ml N. OF HEWETT BAYOU FLORIDA CHOCUWHATCHEE en 
120315 ZOJO HOGTOWN BAYOU FLOAJDA CHOCUWHATCHEE BAY 
120320 ZOKH HOGTOVN BAYOU FLORIDA. CHOCUWHATCHEE BAY 
120405 ZOWL .lNI N. CNTR SPAN OF lll BRIDGE FLORIDA CHOCUWHATCHEE BAY 
120395 Z02L MOUTH Of' CHOCUWHATCHEE AIYER FLORIDA. CHOCUWHATCHEE en 
120390 Z06JI J.O MJ f'N MOUTH OF CHOC. RIV' FLORIDA CHOCTAIIIHATCHEE en 
120325 ZPKI HOGTOWN BAYOU FLORIDA CHOCTAIIIHATCHEE BAY 
120•00 ZA2J BUO'f l JN 1.c.w. EAST SIDE f'LOAJDA CHOCUWHATCHEE BAY 
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Appendix 8 - 3. Summai:y of bottom sampling depths (meters) for Study I (April 13 - 15, 1973) and 
Study II (April 19 to 21, 1973) • 

------------------------------------------------------------------------------
Study I S tudJ II 

Station N l!ean Lov High C.V.l Station Ii 11.ean Lov Higb. c. V. l 

--------------- -· ---------------- ----------
ADGV 1 2.7 2 • 4 2.1 4.3 ADGV 1 2. 8 2.7 3.0 s-. 3 
AJPD 1 3.0 2.7 3.0 5.0 AJPD 1 2. 9 2.4 3.0 8.2 
AKAA 1 3.2 2.7 3.4 7.4 AKAA 1 3. 4 2.7 3.7 10. 5 
EEIX 8 1.0 0.6 1.2 21. 8 EEIX 8 1 • 1 0.9 1, 5 20.s 
EPLU 8 2.0 1 ._8 2, 1 8,2 EPLU 9 2. 1 1, 5 2.4 12. II 
UIL 8 1,7 1. 5 · 1. 8 9.1 EIIL 8 1. 8 1.5 2. 1 12. 3 
EiKC 8 3,3 2.7 4.3 18.0 EIKC 8 3. 5 2. 7 4.3 12.3 
UHE 8 1. 9 1, 5 2.4 16,6 EIIIE 8 2. 1 1. 8 2,4 1:). 8 
EKII.P 8 2. 1 1, 5 3. 4 28.6 EKIIP 8 2,8 2. 4 3, 4 13. 7 
Ell.QC 8 1.7 1,5 1. 8 9.2 El!QC 8 2. 4 2. 1 2.7 9 • 1 
ENNB 8 1 • 9 1.5 2, 4 18. 4 ENNB 8 2,9 2,4 3.7 17. 0 
EBPB 8 2.6 1.s 3.0 18,0 ERPS 1 3,3 3,0 3,7 7.J 
EB10 a 4. 6 3,4 6, 1 29,2 EB10 8 4, 9 4. 0 s.0 20.0 
ETLQ 8 3,3 2,7 3,7 1.1 ETLQ 1 3,9 3.0 

"· 6 
13.0 

GOLF 1 12.B 9. 1 14,9 15,7 GOLF 2 13. 3 13, 1 13,4 1, 6 
PHZH 1 4,9 4.6 5,5 6.6 PHZH 1 4.7 

"· 6 
11,9 3,4 

UVP 1 0. 1 7,6 a.a 5,3 PIVP 1 9. 3 8.8 9,8 3,2 
PJPD 1 4,5 3,0 3,0 211. 1 PJPD 5 5, 2 Ii. 0 6,7 21 • 6 
PJRT 1 10,9 9, 1 13,11 14.8 PJBT 5 1 o. 0 9,4 11.9 1l,6 
EOOH 1 11 , 2 9, 1 11 • 9 9,1 POOH 5 1 1, 3 11.0 11. 9 3,5 
PPJV 7 11. 6 9. 1 13,11 13.8 PPJV 5 9.0 

"· 6 
12.2 39, 6 

PQJQ 7 11. 7 11.6 15.2 39. 1 PQJQ 6 10.6 1. 5 14.9 51. 6 

---------------------------------------------------------------------------------------

Appendix a - 3 (cont). Summary of bottom sampling depths (meters) for Study III (August 16 - 1 7, 
1973), and Study IV (August 23 - 25, 197 3) , 

-------------------------- -----------------------------
Study III Study IV 

Station N Hean Lov High. C, V .l station N llean Lov High C,V,l 

--------------------- -------------------- -.. ~--
,_( 

ADGV B 2~9 2,7 J.O 5,11 ADGV 8 2.6 1. 5 3.0 19. 5 
AJl'D a 3,2 ],0 3. 4 s.o AJFD 9 3. 1 2. 7 3,11 8, 2 
AKAA 8 3.6 3. '.) 4, 3 11.11 AKAA a 3 .11 2.7 11. (\ 12. 3 
EEIX 7 C.9 0.6 1. 2 19, 2 EEIX 9 0,9 0.6 1.2 30, 9 
EEKV 7 1.11 1. 2 1, 8 17. 2 EEKV 8 1. 3 0.9 1. 5 15, 5 
EGLY 7 2. 1 2. 1 2, 1 o.o EGLY 8 2.1 1, 8 2,11 10. 5 
EIIL 7 1, 6 1. 5 1. a 9.2 EIIL a 1. 6 1, 2 1,8 16, 3 
EIKC 7 3.7 3.4 4.0 8.3 EIKC 9 3.5 2.11 11.3 18.2 
EIHE 7 1, R 1. 5 1. 8 6.5 EIPIE a 1. 6 1, 5 1.B 9. 6 
EKIIP 1 3. 1 2. 1 11.J 24. 3 EKIIP 8 3.7 3.0 11.3 12.0 
EIIQC 7 2, 1 1. a 2,4 1 o. 1 Ell.QC 8 2.3 2. 1 2.7 1:). 1 
ENNB 1 3.2 2.7 3.7 1 o. 9 ENNB a 2,8 2. 1 3.4 16. 1 
EPLP 7 2.2 2. , 2. 4 6.7 EPLP R 2. 1 1. 9 2.11 12. 1 
ERP!l 1 3.3 3.() 3,7 6, II EBPB 8 3,3 2.7 3,7 11,9 
ER10 7 3. 1 2.7 3.7 10.8 ER10 1 3.0 2.11 11.0 16. 3 
ETLQ 7 11.0 4, 0 U,J 2,9 ETLQ 8 3.9 3.7 11.3 6. 5 
ETQE 1 1.1 ,. 5 1,8 9. 8 ETQE a 1, 6 1, 2 1. a 17. 0 
GULF 7 12.7 11.9 14. 3 7 • ., GULP 6 13.0 12.2 13.4 3.5 
PHZH 8 s.o 11.6 s.~ 5.6 PHZH 8 5,0 11,6 s.s 5, 6 
PIVP 8 8. 1 7.9 0. a u.o PIVP 8 9,0 7.3 a.a 6,11 
PJPD. 8 U,9 u. fi 6.11 12. 6 PJPD 8 5.3 3.7 1.0 27. 5 
PJRT 8 9.9 a.a 11,3 11, 2 PJRT a 9.1 a.a 9.11 3, 3 
POOH 8' 10.8 11). u 12. 5 6.7 POOR a 10.6 10. 1 11,3 3. 6 
PQJQ 8 12,2 1,. 9 12. 2 I), 9 PQJQ 1 11, 9 9. 11 13, 1 9.6 

----------------------------------------------------------------------------
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App1:1aiix 8 - LI. summai:y of depth (wetei:s) data f<;>t: th-2 :>ensacola &ay system dui:ing 
January thi:ou;ih Septembei:, 191li (?enDacola Bay data ft:ow the Univ21:sity of West Flot:ida). 

-------------------------------------- --------------------------------------------
Sta. .:iep. No. Mean Min. Max. CV% Sta. Oep. No. Mean Min, Max. CV% 

-------------------------------------------- ------------------------------------------
AOGV A 12 0.3 0.3 0.3 o.o ~KMP E 12 3.5 2. 1 4.6 17.6 
ADGV C 12 1, 4 1. 2 1. 7 11 • 0 '.::l'IQ: A 12 0,3 o. 3 0.3 ( .• 0 
ADGV E 12 2.6 2.3 2,9 7. 1 EIIUC C 12 1. J 1. 1 1,4 9. 1 
AGJI A 12 0.3 0.3 0.3 0,0 El'IQC E 12 2 ., . - 1;a 2.4 8,5 
AGJI B 12 o.s 0.8 1. 1 1·1. 3 ENliB A 12 0,3 0.3 0.3 o.c 
AGJI C 12 1. 6 1. 4 1.a ':1.5 EN!IB a 12 1. a 0.6 1. 2 16.3 
AGJl D 12 2,3 2,0 2, 7 A,7 ENN B C 12 1. B 1. 2 2.1 13,6 
AGJI E 12 3.0 2,7 3, LI 6.7 ENNB D 12 2,5 1. 8 3.0 13,5 
AGPII A 1..: G. 3 0,3 J.3 o.o ENNb E 12 3.3 2.4 4.0 1 3, 0 
AGPH C 12 1 • LI 1. 2 ,. 7 11, El FPLP A 12 0, 3 o. 3 0.3 o.o 
AGPli E 12 2.7 ~.4 3.0 7,0 lcPLl' C 12 1, 2 1, 1 1,2 5,8 
AJfD A 12 0, 3 C,3 0. 3 G.O EPLP E 12 2. 1 ,. 8 2. 1 5.8 
AJfD C 12 1, 6 1, 4 ,.o 1 o .a EP!lF A 12 0.3 0,3 0.3 o.o 
AJFO E 12 3. I 2.7 3, ll 8, LI EPRF C 12 1. 3 1. 1 1, 5 12.8 
ALEX A 12 .'), 3 u.3 0. 3 o.o EPRP E 12 2. 3 2.0 2 .6 8,4 
ALEX C 12 i,2 1,5 2, LI 11 ,6 EilPb A 12 o. 3 o. 3 C,3 o.o 
ALEK E 12 LI, 2 3, 0 4,6 <j. 9 ERPB B 12 1. '.I o. 8 1. 1 12, 1 
EFEI A 5 0,3 C·. 3 0,3 C. 0 ERPB C 12 1. 7 1. 4 2.0 10. 5 
EFEI C s 1. 7 1. 7 2,0 7,8 f.RPB D 12 2,5 2, 1 2.7 8.2 
EFEI E 5 3,3 3,0 ],7 7.7 J::lll'B E 12 3. 2 2. 7 3,7 7.5 
EJI V A 12 0. 3 ~-3 ·J. 3 (). ') E?.10 A 12 0.3 o. 3 0,3 o.o 
EJI V C 12 1 • 1 0,8 1, 3 13, 7 ER1) C 12 2. 1 1. 8 3. (• 17,3 
EJl V E 12 2, 1 1, 7 2. 4 11. El ER 1 :i F: 12 3, 9 3, u 5,8 18,7 
ENGA A 12 0. 3 0.3 0. 3 C • :J E!LQ A 12 0.3 (j, 3 0.3 o.o 
BNGA C 12 1 • 1 0,9 1 • 4 16, 7 ErL-..1 C 12 2, 1 2.0 2.3 6,0 
BNGA E 12 2. 1 1. 8 2.4 1 J. 8 :;:nQ E 12 II, 0 3, 7 4,3 5,0 
EREA A 12 C. 3 0.3 ,) • 3 a. o E:TQE A 12 0. 3 0.3 C.3 '.). 0 
EREA C 12 1. 4 1, 2 , • 7 1 a. 9 BrQE C 12 1. 1 0,8 1 • 4 15. 7 
EREA E 12 2,7 2.u 2.9 6.7 ENC: E 12 2. 1 1. 5 2.4 13. 5 
~CG!\ A 12 0,3 0,3 0.3 0.0 ?EU::'! A 9 ii. 3 0.3 0.3 o.o 
ECGM C 12 2.2 1,4 3. 4 23.3 i'EUE C 9 1. 1 o. 9 1.2 9,8 
EC:Gl1 E 12 4. 1 2. 1 6,U 25, 1 PEUE E 9 2, 1 1. 8 2. 1 5,4 
EEDR A 12 o.J C,3 ,) . ] }.C P11 A 12 0,4 0.3 0.9 119. 5 
EEDR C 12 2. 1 1. 8 2,6 12, '; l'~l E 12 17, 6 15, 2 19 .2 7,6 
EEDR E 12 II, 0 3,11 4.6 1 1 • ti P•)2 A 12 0.4 o. 3 0,9 49,5 
EEE11 A 12 ·). 3 ('. 3 0.3 0.0 P02 E 12 1G. 8 9, e 11. 6 4. 1 
EEEM C 12 t. 2 o.a 1. 5 16, '.J P03 A 12 IJ, 3 o. 3 0,6 26,6 
HEM P. 12 2, 1 1. 5 2.4 15,2 ['Q] E 12 7.3 5.5 8,2 9,9 
HIX A 12 (l,3 G.3 J.3 J. ') l'IJLI A 12 0,3 0.3 0.6 26,6 
EEIX C 3 0,6 C.5 0. tl 16.9 P•H E 12 6,:./ 5,5 7.3 7. 1 
HIX E 12 G.~ J.6 1. 2 23.6 P05 A 12 o. 4 0.3 1. 2 59.3 
EEKV A 12 0, 3 ~.3 ·J. 3 ,J. 0 P'J5 B 12 2, 9 2,4 3.7 14, 5 
EEKV C 1 1 0, ti ':·. 5 1, 3 31, 8 P05 C 12 5.5 4,6 7.6 ll:l, 8 
EEKV E 12 1, 4 C-.9 2. 3 32.3 PCl5 D 12 7.1:1 6.1 9. 1 1 2. 1 
EGL Y A 12 0.3 0,3 0.3 o.o p,}5 E 12 10. 2 7. 6 11 .6 9.8 
EGLY B 12 0.1 •}, 5 C,8 111, S p)fj A 12 o. 3 0.3 0.6 26,6 
EGLY C 12 1 • 1 c.a 1.4 11. 8 PJ6 :;; 12 6. 11 6. 1 7,0 5.7 
EGL Y D 12 1, 6 1,4 1, 9 8,6 P07 A 12 G,3 'J. 3 0,6 26.6 
EGLY E 12 2.0 1, 8 2,4 9,2 P07 - 12 5. 5 11, 6 6. 1 9,7 
EHGD A 12 0.3 0.3 '.). 3 0. ,) p:)8 A 12 0. 3 J. 3 0.6 26.6 
EHGD C 12 2,6 2,3 2.9 7,0 l'Jd E 12 10, 1 6, 1 11,6 111. 1 
EHGD £ 12 5. C, LI, 6 5,5 b,2 P·)9 A 12 0,4 I), 3 0,6 32.0 
tHPK A 12 (,.J 0.3 ·). 3 :- • J P)9 E 12 3. 7 3.0 4.6 15.6 
EHPK C 11 O,o 8:~ J. 9 15.7 plcJ A 12 0.3 9. -3 8:H 2g;~ EHPK E 12 1. 3 1, 5 18, 7 Pl) ,: 12 0. 4 • \J 

HIL A 12 -:; • 3 ~-3 0.) ;.') i'll Ii 12 0. 3 0.3 0,6 26 ,6 
EIIL C 12 1. 0 C-,6 I, 3 20.1 ?11 E 12 5. 3 4. 3 6. 1 8,6 
EIIL E 12 1, 6 1, 2 2.0 14.8 P12 ri 12 O,J ), 3 0,6 26,6 
UKC I\ 12 (;,3 ·:. 3 0.3 ).0 1'12 f. 12 5. 1 LI. 6 5,8 7,5 
ElKC C 12 1, 2 0,9 1, & 2". 9 Pl] A 12 o. 3 0.3 C,6 26,6 
EI Kc F 12 2. 2 1. 5 3,8 3J.7 P13 !) 12 ,. 7 1, 5 , • 8 9.5 
EKLQ A 12 0. 3 (..3 J. 3 ').:} i?13 C 12 3. 0 2.11 3.4 9.5 
EKL<J C 12 1. 0 o. 6. 1. 2 15,.5 P13 D 12 4.3 3,7 4.9 9.0 
EKL.., !:: 12 1. 7 1. 5 1, 8 9,5 ?13 !:: 12 5. 5 4,9 6. 1 7.3 
Eili,p A 12 C.3 (I. 3 '). 3 u.O l'l 4 A 12 0. 3 o. 3 0.6 26.6 
EKMP il 12 , • 1 G,5 1. 4 20,9 PlU !': 12 5,4 4,3 6, 1 8. 1 
EKMt> C 12 1. 9 1, 1 2, 4 lo.'] P15 A 12 · ,:,. ] 0,3 C, 6 26.6 
EKi,p D 12 2.1 1,6 3.5 17,5 Pl'> - 12 6,a 6. 1 7.3 5.5 

---------------------------------------------- ----------------------------------------------
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Appendix 8-5.--Water Quality Methods. 

SAMPLE COLLECTION AND PRESERVATION 

. surface samples for all water quality parameters except 
dissolved oxygen were collected by rapidly dipping the sample 
container one foot beneath the surface~ surface D.O. samples 
were collected using an APHA "dissolved oxygen dunker." Ali 
subsurface samples from depths- less than 4. 9 m (16 ft) were 
collected using a pump system. The pump system was thoroughly 
flushed with a diluted hydrochloric acid solution and tapwater 
before each_ study. In addition, the pump system was tested 
before each study to insure that it was not aerating the water 
samples. The pump.was allowed to flush for one minute before the 
sample was collected. A Kemmerer-type sampler was used for 
samples from depths greater than 4.9 m (16 ft). Water samples 
for carbon, nitrogen, phosphorus, and turbidity were collected in 
500 ml. nalgene bottles; samples for long-term BOD were collected 
in half-gallon plastic bottles; and samples for dissolved oxygen 
were collected in 300 ml BOD incubation bottles. 

For preservation of dissolved oxygen samples, two ml of 
manganous sulfate and two ml of alkaline iodide-azide solution 
were added .. to each sample, and the sample was shaken. The D.o. 
samples were then· kept at ~mbient temperature in the dark and 
analyzed within three hours after collection. samples for all 
other parameters were kept on ice in coolers while being returned 
to the laboratory. In the laboratory, they were kept in a 
refrigerator at s0 c until they were analyzed. Any samples which 
could not be analyzed within one day of collection were preserved 
with sulfuric acid. This was only necessary with total organic 
carbon and total Kjeldahl nitrogen. Sufficient sulfuric acid was 
added to these samples to bring the pH below 2. 

ANALYTICAL PROCEDURES 

Dissolved oxygen 

Dissolved oxygen was analyzed by the modified Winkler with 
full-bottle technique (USEPA, 1974). 

Nitrogen 

Ammonia 

Ammonia was analyzed by the Automated Colorimetric Phenate 
Method (USEPA,. 1974) • 

Nitrate-Nitrite 

Nitrate-Nitrite was analyzed by the Automated Cadmium 
Reduction Method (USEPA, 1974). 
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Total Kjeldahl Nitrogen (TKN) 

Kjeldahl nitrogen was analyzed by a combination of a manual 
TKN digestion (USEPA, 1974), and analysis of the digestate by the 
Automated Colorimetric Phenate Method (USEPA, 1974). 

Phosphorus 

Total Phosphorus 

For the analysis of· -. total phosphorus, sulfuric acid and 
ammonium persulfate were added to an ·aliquot of each sample, 
which was autoclaved at 15 psi ·and 120°c for 30 minutes. The 
digested samples wer.e analyzed by the Automated Colorimetric 
Ascorbic Acid Reduction Method (USEPA, 1974). 

Total Orthophosphorus 

Total orthophosphorus was analyzed by the Automated 
colorimetric Ascorbic Acid Reduction Method (USEPA, 1974). 

Dissolved Orthophosphorus 

Dissolved orthophosphorus was determined by filtering an 
aliquot of. each sample through a 0.45 µ membrane filter. The 
filtered samples were analyzed by the Automated Colorimetric 
Ascorbic Acid Reduction Method (USEPA, 1974). 

carbon 

Total Organic Carbon (TOC) 

Total organic carbon was determined by first purging the 
acidified samples with nitrogen gas to remove inorganic carbon, 
then analyzing the purged samples by the Total Organic Carbon 
Method (USE PA, 1974) • The instrument used for analysis was a 
Beckman Model No. 915 TOC analyzer. 

Turbidity 

Turbidity was determined by the USEPA Turbidity Method. The 
instrument used was a Hach Model No. 21-00 Turbidimeter. · 

Biochemical oxygen Demand 

Long-term BOD was determined with no dilution or 
seeding{USEPA, 1971). Duplicate BOD incubation bottles were set 
up for each- sample.· Initial o.o.· · concentrati"on and D. o. 
concentrations at intervals of several days for·a total of 50 
days were read on a Y.s.r. Model 51-A Oxygen Meter. 

Long-term BOD data were modeled using a computer program 
based on Marquardt• s compromise Method (Barnwell, 19-70) / which 
used non-linear techniques to estimate firs·t order 'carbonaceous 
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and nitrogenous BOD parameters. The first order BOD model is 
represented by the following expressions: 

when t < ~ 

y = 

when 

y = 

where 

t = 

= 

y = 

= 

= 

= 

= 

.: ,· 

(, )
- . . --

-kt . . · - -
- e • • • • • • • • • • • • • • • • • • • • _· •. ·• • 8.,.. -1. . 

( 
kc t) ( .:..kn (t~1n >) .. 

Le 1 - e - · + Ln 1 - e ••• 8- 2 

time in days 

time that nitrogenous demand starts to be exerted 

(in days) 

BOD {mg/1) exerted at time, t 

ultimate carbonaceous BOD {mg/1) 

ultimate nitrogenous BOD (mg/1) 

carbonaceous rate constant (per day, base e) 

nitrogenous rate constant (per day, base e) 

Equation 8-1 represents just the carbonaceous demand, and 
Equation 8-2 represents the carbonaceous and nitrogenous demands. 
The computer program of the model provided values of the 
parameters tn, Le, Ln, kc, and kn that meet the statistic 
criteria of the computer program. As an additional check, 

.calculated BOD values using Equations 8-1 and 8-2 were plotted 
against the actual values to examine the fit of the model by eye. 
Visually, the model provided an excellent fit of the actual data. 

Total and Fecal Coliform Bacteria 

Intensive water quality surveys were conducted during the 
months of April and August, 1973, and every three weeks beginning 
in January and ending in September, 1974. Sampling stations were 
located in Escambia River, Escambia Bay, Blackwater River, 
Blackwater Bay, East Bay, Bayou Texar, and Pensacola Bay (Figure 
8-45) • 
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Surface water samples were collected by grab technique at 0.3 
m (1.0 ft) below the surface, and bottom samples were collected 
with a pump from 0.3 m (1.0 ft) above the bottom~ The pump was 
submerged at bottom depth and allowed to pump for one minute 
before collecting the sample. Water samples were collected in 
sterile, wide mouth, glass bottles (250 ml) with ground glass 
stoppers. Samples were placed on ice · ·unti;t analysis. All 
samples were analyzed within four hours atter collection. 

Samples were analyzed by the Most Probable Number (MPN) 
multiple· dilution tube fermentation test, using tive tubes each 
for three dilutions,. according to Amei:ic~n Public Heal th 
Associaton (1971)0 Lauryl tryptose broth medium was used for the 
presumptive test. After 24 and 48 hours incubation at 35°c 
(+0.5°C) all positive tubes with gas production were transferred 
to brilliant green bile broth and EC Medium. Positive tubes with 
gas produced in brilliant green bile broth in 24 and 48 hours at 
35°c (+0.5°c) were recorded as confirmed total coliforms. Fecal 
coliforms were determined by growth accompanied by gas production 
in 24 hours at 44.5°c (!0.5°C) in EC medium. 
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Appendix 8-6.--Florida Standards for Class II and Class III 
waters. 

17-3.08 Criteria: Class II Waters - shellfish harvesting~.\ 

"The following criteria are for classification of waters in 
areas which either actually or potentially have the 

-~ap~ilit:y of suppc,rt-ing recr~ational or commercial shellfish 
propagation anq• harvesting. ·Harvesting·. may only occur · in 
areas approved by the Division of Health, Florida Department 
of Health and :Reha:bilitative serviceso · 

. . 

(1) Bacterio~ogical Quality, Coliform Group areas 
classified for shellfish harvesting~ the median coliform MPN 
(Most -Probable N\lf!\ber) of wat_er · cannot exceed seventy (70 per 

. hundred. (100) ml, and not more than ten. (10) percent of the 
samples ordinar.ily -exceed -an MPN of two hundred and thirty 
(230) per one hundred (100) ml in those. portions of areas 
most probably exposed to fecal contamination during most 
un~avorable hydrographic and pollutional conditions. 

(2) Sewage, 
industrial 
treated by 
approved by 

Industrial Waste.s, • or oth.er wastes any 
wastes or other wastes shall be effectively 
the latest modern technological advances as 

the- regulatory agency. 

(3) pH - of receiving waters shall not be caused to vary more 
than one (1.0) unit above or below normal pH of the waters; 
and lower value shall be. not less than six. · (6. 0) and upper 
value not more than eight and one-half .(8. 5) • · In· cases where 
pH may be, due to natural background or causes, outside 
limits stated above, approval of the regulatory agency shall 
be secured prior to introducing such material in waters of 
the state. 

(4) Dissolved oxygen The concentration in all surface 
waters shall not average less than 5 mg/1 in a 24-hour period 
and never less than· 4 mg/1. Normal· daily and seasonal 
fluctuations : above· · these levels shall be maintained. 
Dissolved oxygen concentrations. in estuaries and tidal 

·tributaries shall not be less·than 4.q mg/1· except in natural 
dys:trophic;= waters. In those cases. where· background 
information . indicates prior ex-istence .. under unpolluted 
con_ditions -of lower values than required· above, lower limits 
may. be utilized-after approval by the regulatory authority. 
Sampling shall be ·p.erformed .according to the methods approved 
by the Florida·.Pol.lution Control Board •. · 

(5) Toxic Substances - free from substances attributable to 
municipal, industrial, agricultural or other discharges in 
concentrations or combinations-which are toxic,or harmful to 
humans, animal or aquatic life. 
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(6) Odor - threshold odor number not to exceed 24 at 60°c as 
a daily average. 11 

General Authority 403.061 FS. Law Implemented 403.021, 403.031, 
403.061, 403.101 FS. History-Formerly 28-5.08, Amended 6/10/72, 
8/30/72, 7/3/73. 

17-3.09 Criteria: Class III waters recreation 
propagation and management of fish and w1ldlife. 

"The following criteria are for classification of waters to 
be used for recreational purposes, including such body 
contact activities as swimming and water skiing; and for the 
maintenance of a well-balanced fish and wildlife population. 
All surface waters within and coastal waters contiguous to 
these basins, inclu9ing off-shore waters, not otherwise 
classified shall be classified as Class III; however, waters 
of the open ocean shall be maintained at a dissolved oxygen 
of not less than five (5.0) ml/1. Streams specifically 
listed in Section 17.3.21 by a separate listing designated as 
"Special Stream Classification" shall similarly be maintained 
at a minimum dissolved oxygen level of five (5.0) ml/1. 

(1) sewage, industrial wastes, or other wastes any 
industrial waste or other wastes shall be effectively treated 
by the latest modern technological advances as approved by 
the regulatory agency. 

(2) pH - of receiving waters shall not be caused to vary more 
than one (1.0) unit above or below normal pH of the waters; 
and lower value shall be not less than six (6.0), and upper 
value not more than eight and one-half (8.5). In cases where 
pH may be, due to natural background or causes outside.limits 
stated above, approval of the regulatory agency shall be 
secured prior to introducing such material in waters of the 
state. 

(3) Dissolved oxygen the concentration in all surface 
waters shall not average less than 5.0 mg/1 in a 24-hour 
period and never less than 4.0 mg/1. Normal daily and 
seasonal fluctuations above these levels shall be maintained. 
Dissolved oxygen concentrations in estuaries and tidal 
tributaries shall not be less than 4.0 mg/1 except in 
naturally dystrophic waters. In those cases where background · 
information indicates prior existence under unpolluted 
conditions- of lower values than required above, lower limits 
may be utilized after approval by the regulatory authority. 
Sampling shall be performed according to the methods approved 
by the Florida Pollution control Board. 

(4) Bacteriological - in those waters designated for body 
contact recreation, fecal coliform shall not exceed a monthly 

14-36 



average of 200 per 100 ml of sample, nor exceed 400 fecal 
coliform per 100 ml of sample in 10 perqent of the samples, 
nor exceed 800 fecal coliform on any one day, nor exceed a 
total coliform count of 1,000 per 100 ml as a monthly 
average, nor exceed a total coliform count of 1,000 per 100 
ml in more than 20 percent of the samples examined during any 
month; nor exceed 2,400 per 100 ml on any day. In those 
waters not normally used for body contact recreation, fecal 
coliform shall not exceed. a monthly average of 500 per 100 ml 
of sample, nor exceed 750 fecal coliform per 100'ml of sample 
in 10 percent of the samples. Monthly averages· shall be 
expressed as geometric means based on a minimum of 100 
samples taken over a 30 day period. MPN or MF counts may be 
utilized. 

(5) Toxic substances - free from substances attributable to 
.municipal, industrial, agricultural or other discharges in 
concentrations or combinations which are toxic or harmful to 

· humans, animal or aquatic life. 

(6) Deleterious free from material attributable to 
municipal, industrial, agricultural or other discharges 
producing·color, odor or other conditions in such degree as 
to create a nuisance. 

(7) Turbidity - shall' not exceed fifty (SO) Jackson units as 
_related to standard candle turbidimeter above . background." 

General Authority 403.061 FS. Law Implemented 403.021, 403.031, 
·403~061, 403.101 FS. History-Formerly 28-5.09, Amended 6/10/72, 
8/30/72, 7/ 3/73. 
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Appendix B - 7. summary of total organic carbon 1mg11 as Cl data for the Pensacola Bay" system during 
January throuqh September, 1974 (Pensacola eay data from the University of West Plorida), 

------- ----------
Sta, oep. No, Mean Min, 11ax. CV.!! Sta, Dep, No, Hean Hin, Plax. en 
------------------ --------
ADGV A 12 4,B 1 .o 11, 0 56, 3 ENNB D 12 3,3 1, 0 7.5 55,9 
ADGV E 12 3,A 1, 0 7. I) 51,3 ENNB E 12 3. 7 1. 0 7,5 55,4 
AGJI A 12 4, 2 1, () 11), 0 56,4 EPLP A 12 5, 3 1, 6 10,5 49.0 
AGJI B 12 ), 7 1, C. 7.0 411, 0 EPLP E 1fl 4,4 1,0 9,0 51, 9 
AGJI C 12 4.2 2,0 6. 1 35, 4 EPRF A 12 5,6 1 .o 12,2 52,8 
AGJI D 12 4, 1 1, 0 8,5 51, 1 EPRP F. 12 5.9 1, 0 24,0 98.7 
AGJI E 11 3.7 1. 0 7,5 55.9 ERPB A 12 6, 0 1. 5 13,5 52,5 
AGPH A 12 4,3 -1. () 11 • 7 65,6 ERPB B 12 5, 5 3,0 9.0 33,9 
AGPH E 12 3,6 1,0 6,5 43,C ERPB C 12 · II, 9 2,5 7,5 30,2 
AJPD A 12 3.9 1, 0 B,O 52,B ERPB D 12 

"· 4 
1, 5 9,0 50,7 

AJPD E 12 3.6 1, C 9. 2 67,6 ERPB E 12 4. 2 2.5 8,5 43, 1 
ALEX A 12 3,9 1, 0 5.7 37,6 ER10 A 1 2 6.5 1, 0 11,0 46,6 
ALEX E 12 3,6 1,0 0.0 62,B ER 10 E 12 6.8 2,5 10.s 37,9 
BPEI A 5 6. 1 1.0 14, 4 B1, 1 ETLQ A 12 11,9 2.5 9,5 44, 6 
BPEI E 5 6.8 1. 0 17,0 97,0 ETLQ E 11 3. 9 2,2 8,7 119, 6 
BJIV A 12 4,6 1, () 15. 2 84,6 ETQE A 12 4, 1 1, 0 7,2 4 7, 1 
BJIV E 12 4,7 1. C 14, 3 79.8 ETQE E 11 5,5 3,5 9.0 30, 1 
BNGA A 12 5,4 .1 • C 15,8 75,2 PEUE A 9 5. 2 1, 5 7, 5 36.5 
BNGA E 12 4, 1 1, 0 9, 5 64, 6 PEUE E 9 4,9 2.5 7,7 31,5 
BREA A , 2 5.3 1, 0 1 II. 0 7 3, II PO 1 A 10 3, 2 1, 0 7,5 60.ii 
BREA E 12 5,0 1.0 1 C. 5 54,8 PO 1 E 10 3.1 1, 5 4,5 30, 4 
ECGfl A 12 fi, 7 1,() 20. IJ 89,A P02 A 11 2,7 0.5 5,0 48, 1 
ECGII E 12 5, 9 3.0 12, 5 45,0 PC•2 E 11 3, 0 1. 0 fi. 0 53,7 
EEDR A 12 5.6 2,5 11, i 119, 4 PO 3 A 11 2,6 1, 5 3,5 27.0 
EEDR E 12 5,6 1. I) 12. I) 62,4 PO 3 P. 11 3. 1 1. 5 5.0 32,2 
EEEII A 1:l 5,7 · 1, 0 14, 9 68,4 POii A 9 2.6 1.0 6,0 69.5 
EEE11 E 12 6 0 U 1. 0 16.J 58,7 POU E 10 2. 6 0.5 6.5 82,9 
EEIX A 12 5,9 4,n 13. (I 4 3. 0 POS A 11 2,5 1,0 

"· 5 
42.5 

EEIX E 12 5,6 2,5 1 (I, 7 U6,5 P05 B 11 2.9 1. 5 4,0 31,3 
EEK•V A 12 6,7 3, 2 17. 2 62,7 P05 C 9 2. 8 2,0 4.0 31, 3 
EEKV E 12 5,4 2.5 1 o. 5 40,8 PO 5 D 10 2,6 1.0 3,5 29,8 
EGLY A 12 5.7 1.0 9. (, 37,8 PC 5 E lC 3.2 1, 5 5.0 46, 1 
EGLY B 1 2 5,U 1,C 1C, 6 U 3, 2 P06 A 11 3.9 2.0 7,0 40,0 
EGLY C 12 5.6 1, 0 1 2. 1 57,0 P06 E 10 U,5 1, 5 8,5 49.5 

'EGLY D 11 5,6 2.5 14. 0 57,6 P07 A 1 (' 5, 4 3.0 7.5 30. 5 
EGLY E 12 -5. 5 1, 7 9. 5 53.8 P07 E q 4,6 0. () 7,C 44,4 
EHGD A 12 5. 5 1. I) 1 3, 4 66.3 eo0 A 11 4. 8 3,0 7.0 31. 2 
EHGD E 11 5,5 1, 0 1 5, 1 74,9 P08 E 11 4, 4 2.0 8,0 33.6 
EHPK A 12 6.6 3.5 10. 5 28. 0 P09 A 10 3,5 1.5 6.0 44.0 
EHPK E 12 6,2 1. 0 13, 0 46,4 P09 E 11 3. 0 1. 0 6,0 51. 6' 
EIIL A 12 5,3 1. 0 11. r) 51. 7 P1 ,) A 10 3,9 1. 5 7.0 .42. 6 
EIIL E 12 5. 1 1. 0 1 0. 0 55,8 P10 E 11 4,0 2,0 9,5 56.7 
EIKC A 12 5,3 1. C 12. 5 61, 0 P11 A 11 4, 9 2. 5 7.5 32.2 
EIKC E 1.2 5. 1 ,.~ 14.0 6 8, 7 P11 E 111 5, /; 3.0 8,0 33.8 
EKLQ A 12 4,9 1.0 11. 5 54.4 P12 A 11 4, (l 1. r, 8,0 64.6 
EKLQ E 12 u.2 1. 0 /9, 3 52,4 P12 E 11 4,2 1.5 9.5 51. 9 
EKIIP A 12 5,2 2,C 11, 5 50, 1 P13 A 9 3. 7 2.0 6,5 43,7 
EKIIP B 12 4,9 1,') 9.3 44,1 P13 B 10 4, 0 2,0 7.5 40,7 
EKIIP C 11 4.0 1. 6 5. 5 33.4 P13 C 11') 3.6 2. () 6.0 38.6 
EKIIP D 11 3,9 1. C, 9,0 54,9 P13 D 11 3, 5 1. 0 5,0 29,3 
EKIIP E 12 11.0 1,('l 7,5 46,5 P13 E 10 3.9 1, 5 6",0 30,7 
EIIQC l 12 4,4 1, 8 6,5 34,6 P14 A 10 3.8 1.0 5.0 37.8 
EIIQC E 12 3,6 1, C 6,2 43,4 P14 E q 3,9 2,5 6,5 37.7 
ENNB A 12 5.5 1. 6 10. 0 49, 1 P15 A 10 4.C 1. 5 6,0 3g, 5 
EIINB B 12 5,4 1, 6 9,0 45,0 P15 E 11 4,3 2,0 8.0 42.8 
ENNB C 11 4,2 2,0 9, I) 44,3 

------------------------- ---------------- -------------------
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Appendix 8 - ll. Sum ma r-y of ammonia (mg/1 as N) data for the Pensacola Bay system during 
January thr-ouqh Sept ember, 1974 ( l?e nsacola Bay daU from the Univer-sity of West Florida)·. 

------------------------------------------- -------------------------
Sta; Dep. No. Hean Min. Max. CV.I! Sta; Dep. No, Mean Min. 11ax. CVJ 

-------------------------------------- -----------------
ADGV A 12 ". c·-n o. C,1C r.. o·a) 87,1186 ENNll D 12 C, 07 9 O,C·lO 0.212 95,221 
ADGV E 12 \1. 072, (). ') 1 (, t':;'226 101,')55 ENNB . E 12 0,09li 0.012 0, 292 84. 5 23 
AGJI A 12 C,,:)28 (.01( C, 116 10 9, 95 7 El?LI? A .12 C·. 03 4 0.010 0. 130 103,886 
AGJI_ B 12 C',025 0,010 C, 0 80 il 1,162 EPLP E 12 o. 060 0, 0 10 0,265 122,147 
AGJI C 12 0, 0211 (I, '),0 ~.075 82.219 EPRF A 12 0. C3 CJ 0, 01 (I 0, 111 95,939 
AGJI D 12 C,051 (),OF (', 282 151,369 P.PRF E 12 C,057 0.01-1 0.182 1 oo. 376 
AGJI E 12 0 ."7 ~ 0. C• 10 C. 262 10]. 691 ERPB A 12 Q,042 J, 0 1 '.J o. 170 115. 9116 
AG[>H A 12 (·. 0 32 0, 0 1 c; , , 15 2 128.0'!1 EP.Pll fl 12 C. 03 9 0.010 0, 148 108.515 
AGl'lf E 12 0.053 0,C10 c-. 170 9li. 0'!2 ERl?B C 12 C·, 04 3 0, I) 10 o. 170 113,302 
AJFD A 12 C'l27 O. 01C (l, ': 75 76. 069 ERP!l D 12 C, 050 0.01 (I 0.202 119,436 
AJFD E 12 C,,062 <),010 (·, 177 86, 121 ERPB E· 12 C-, (1811 0,010 I), 230 86,127 
ALEX A 12 c.c21 J, ') 10 t.(58 74,010 ER10 A 12 0, ()3 II o. I) 1/J 0,"80 55,072 
ALEX E 12 ~.087 0, 0 1(- C. 197 72,637 ER 10 E 12 C. 031 ') .o 1 0 0,0B0 63.5li8 
BFEI A 5 f1, 041 0.02c 0,058 33,1152 ETLQ A 12 rJ, 03 4 0.011:1 I), 148 117.421 
BFEI E 4 ') .099 0. 05(· C'. 22 5 85.1166 ETLQ E 12 C. O'l 3 C. '.l 15 0, 180 57,539 
BJIV ,; 12 C,-'.'. 25 0.111c 0,075 7q,liR9 ETQE A 12 0.034 0.010 0, 103 92. 'l20 
BJIV E 12 C, 044 ·J,OH C•, 10 5 811,608 E'!'QE E 12 o. 0,58 0.010 0,145 90,363 
BNGA A 12 0.024 0,01(' O. G Sf! 6 2. 34 3 l?EUE A 9 0.022 o.c 1(l 0.075 97,607 
BNGA E 1 2 G,0611_ a.o11: o. 17,J 92,1183 PEU:! E 9 0, OJ 7 o.010 o. 215 179,549 
BREA A 12 C,G24 '.). :, 1 (I 0, ') 75 A 2. 112 1?01 A 11 (,'.)22 0,005 0, Oll'l 76,196 
BREA ·E 12 oJ,n 2,010 0.282 9 7, 271 1?0 1 E 11 (l, 017 o.cos 0,041 81,843 
ECG!'! A- 12 (l, 035 0.012 (',090 60,5118 PO 2 A 11 o. 022 o. 005 o. 060 88,396 
ECGM E 12 C', 105 ;},012 C. 312 92,102 pr,2 E 11 '). 02 8 0.005 0,069 88.775 
EEDR A 12 (.C,36 0, 012 0,090 56,536 p() A 11 C,031 0, 01)5 o. 173 158.326 
EEDR E 12 C. 07 3 ,) , 01 2 0,275 103, 116 Pi.' 3 E 11 C,037 0,0')5 0, 114 101,037 
EEEH A 12 Q, '.i31 0. C 1~ 0,09~ 69, ':'60 pr,4 A 11 0,035 0.005 0.128 110,668 
EEEM E 12 c-.c·fifi 0, (' 15 0,259 121, II 36 P011 E 11 o. 039 '), 005 0, 11 J 89,474 
EEIX A 12 G,057 o.o 11) G,277 12CJ, I') 15 P05 A 11 0 • (j]U n .c ::s 0. 15li 132,588 
EEIX . E f2 0,039 0,010 C,090 67,'l98 pr. 5 8 11 C,. 022 (),()05 o.ceo 111,177 
EEKV A 12 C,051 0.010 (', 172 9 5, 9!1 8 PC 5 C 11 Q,()32 'l, 005 0.092 106,727 
EEK_V E 12 O,G91 0.01c 0.530 16'.l, 734 PC·5 !) ,C•, 0, 03 6 O.OOfi 0. 121 105,356 
EGLY A 12 0,0611 (,, rJ 18 O, 1 LIS 56, 19 5 PC 5 F. 11 0, 056 o. 009 0. 128 79, 506 
EGLY . B 1;! O,C97 o. 012 0. 30il 9'l. 75 l p:,5 A 11 0. /J3 3 " -~05 0, 111 97,463 
EGtY C 12 O,C93 0.010 o. 325 1'?li,56R P06 F. 1, Cl, 076, '.) ,005 0.202 77. 3311 
EGLY D 12 0,(:83 o.~10 (1,278 102, R24 PC7 A 11 C,035 0,!)115 o. 105 'l4. 8 0 6 
EGLY E 12 0, 218 0.012 1, 35r, 17•). 769 PC:7 E 11 0.085 (),005 (),205 76, 50] 
EHGD A 12 0,038 0,012 '), C-90 52, llO 1 PC 8 A 11 0, 0] li O, C·f'15 0,084 89,603 
EHGD. .E 11 0 ,096 0.012 C. 25,i R 3,959 POA E 11 C·, 05·8 0,005 0. 235 114, 2 5 7 
EHPK A 12 '), 06fi 0.01c '.', 182 'l 5, 1)59 PC•9 A 11 C. 029 · 0.005 0.076 86,716 
EHPK J: 12 0.075 c.01 (' o. 18(• 9fi, 345 ['(19 E , 1 '), 030 0,005 o. r:)63 67,7116 
EIIL A 12 0. 03 7 0. C 10 0, 10 J 69.991 PP A 1, C,026 o.ooc; iL088 108,049 
EIIL E 12 /),069 o,r,o 0, 198 9li, 2lill P1 '.} E 1 1 0,057 0,005 (', 163 78,455 
EIKC A 12 r:.046 O.C12 IJ, 111 s·s. 769 1?11 A 11 'J,036 0,006 0, 114 100.630 
EIKC E 12 0,113 ::i.010 C,342 89.2~5 P11 E 11 0. 104 '),006 0,335 11)4,517 
EKLQ .A 12 C,.035 0.010 o. 09') 67,271 P12 A 11 c,, ')38 o. 11 !)5 (I, 14 7 111,683 
EKLQ E 12 0,080 'J, 0 10 o. 2li2 8'!, 791 P12 E 11 0. C:88 ".005 0. 244 76,864 
EKl1P A 12 (, 038 0.010 o. 098 63,1177 Pl 3 A 11 o. C:·.32 o. Q/)5 0.071 CJO, 6 3 9 
EKHP D 1 i. 0,039 O.oJ10 0, 12 5 86, 127 Pl) B 1 1 0.022 0,006 0,050 73, 528 
EKHP C 12 C·, 07 9 •J. 0 1 ,: 0.270 118,63( P13 C 11 0, 034 0.006 0,077 77,915 
EKHP D 12 O,G96 0,010 C,U42 121,436 P1 J D 11 0.052 0,005 "· 168 96. 195 
EKMP :: 12 (',114 0.022 r., li42 9'3,454 P13 E 11 I), ()78 0,005 (I, 238 90,686 
P.PIQC A 12 o. 048 (), 010 0, 13G 101,868 P14 A 11 ('. 021'.' o. 01'.!5 0,1)45 71. 2.14 
El1QC E 1 2 0. C'6 7 O. 1) 1 C (), 276 120. 305 l?lli E 11. C•, 070 IJ, 005 !) , 199 'l8, 3 2 3 
ENNfi A 12 C,036 0. 01 'J o. 130 106,695 P15 A 11 0. OJ 1 0,005 0.135 120.058 
ENN B B 12 (\, 1:038 O,ClO o. 13') 103,205 P15 E 11 C,,096 :'), cos 0,275 93.549 
EHNB C 12 0.090 O,OH' '.), 335 12.;. 110 

------------------------------·--------- ------------------------------------------
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Appe111l.ix 0 - 9. summary ot nitrate nitrite (mg/1 - N) data· for' the 1:1ensacola B~y system iuring 
January through September, 197<1 (i'ensacola Bay Jata from the University of West Flot"idaf. 

-------------------------------------------. --------------------------------------
Sta. Dep. No. ME:an l'>in. Max, en, Sta, Dep, No, !lean !lin, !lax, en, 

------------------------------------------- ---------------------------------------
ADGV A 1:.1 0, 031) 0.010 0,080 77;496 JNNfl D 12 0.041 o. 010 0. 125 B7.435 
ADGV E 12 (•. -)29 ,: .• U 10 o. :i 70 72,'}57 ':'.Ni!IB . F. 12 0. 043 •). 010 0,125 83.086 
AGJ I A 12 :) • :,,: 1 0.010 0,065 B6. 3 3B EPLP " 12 C. 1151 •J. 01 0 0. 115 79.891 
AGJ I B 12 o. )2 J 0.010 0, 0 bO Bil, 126 EPLP E 12 0,048 C. 010 0. 115 82. 32') 
AGJI C 12 0, ,J 1 B 0.010 o. 0 52 8 5. 179 EPEF A 12 0,049 o. 010 o. 125 B3,857 
AGJI D 12 C.)2:) 0.~10 0 .o 52 80,507 i:P<IF E 12 J,')3d '). ,)10 0.095 81.44\) 
AGJ I E 12 o. )2'~ 0.010 o. 0 52 · 74. 918 ':: ~PB A 12 0.051 !). 010 0. 120 83. 2':14 
AGPH A 12 C,02J c.010 o. )(i,J 84,227 :!:BPB El 11 o.oso 0.010 0,125 89,666 
AGPII E 12 0.022· c.010 0.051) 1'J. 124 ;UPU e 12 J,042 '). •)10 o. 100 79.409 
AJFD A 12 f,.023. o.010 C,055 13, 3n 2UP:J D 12 0, 0 jl '), 010 1),087 85,053 
AJFD 2 12 "· ·)24 0.010 o. 0 55 71. '.' 1 oJ !>tlPB E 12 J,(29 -~.010 0.011 79. 6~ 3 
ALEX A 12 0. 021 · o.c10 C. C 55 72,')87 3R10 A 12 a. 135 0.039 J. 220 4C-. 174 
ALt:X E 12 0.,120 0,010 o. 0 76 7 d. 3 94 :rn.1 !) E 12 0, 141 0. 045 0.235 111), 78b 
BlEl A :, C•. C93 0,~3C (1, 1211 J<J,2U8 BTLi.! A 12 J, ()il5 (),010 o. 116 91, 311() 
Ef'El E 5 C. C· 40 J.029 0. ~ 7') 42,537 ETLQ E 12 · J. 0 34 o.01 0 o. 070 57.551 
EJI V A 12 Q,1)65 :), 022 0.095 311, 02") ETQ!, A 12 J,058 o.010 0.242 113. 82!l 
EJI V ;, 12 0.-046 u. ~ 10 0, 1 cs 59, 7 9'J· ETQZ: E 12 0, 032 o. 010 O, O!l7 78.922 
ENGA A 12 0,055 0.021 0, 1 OG 110. ➔ 77 PEUE A 9 0. 0 29 C-.01:) o. 080 10:l.511 
ENGA E 12 ~, 032 0.010 o. 100 7'),409 PEUE E 9 ;). 020 o. 010 0.050 78.950 
EREA A 12 C•. 036 C', '110 0, 0 85 67,771 PJ1 A 11 0,033 0. ·)09 0,156 126,680 
EREA E 12 0,:)28 :: ; 010 !J.060 6 7. 10 7 P01 E 12 'J.013 C. ,J05 0.044 76.299 
EeG!"l A 12 (),132 0,050 o. 21·J 34,463 P02 A 12 0,015 0,005 0.060 108.926 
EeGI! E 12 C, 1 C 1 t),030 o. 159 42,271 [' 02 E 12 0.016 ~-. J05 0,046 89.758 
HDf< A 1:l Cl,, 14 9 ,) • J52 0.237 38.663 Pu3 A 12 0.012 .j, 005 0.053 109.192 
HDh E 12 c. 1·20 -J, C35 C,237 50. 31 J p')] P. 12 0.011 0,005 0.020 47.515 
EEEl'I A 12 ·J.:136 0. )54 0,225 3 5. 6 77 pQ11 A 12 0, 014 0.005 0,049 97,662 
EEEM E 12 0. 115 o.011 0.213 54.81.l pi)4 F: 12 0. 0 1 ·) o.oc,s 0.021 49,837 
EEIX A 12 o. 103 O,CSJ C, 159 31, J 11 p.')5 A 12 0, 0 1 J (', 005 0. 1)63 122,226 
EEIX E 12 G,095 O.J22 c,, 155 44. 2 98 PCS B 12 0, 017 0,0)5 o. 0141 :11. 074 
EEKV A 12 0, 089 O. C 10 C. 1-4•J 48.&43 P05 C . 12 0.013 0.005 0. 034 62,639 
EEKV E 12 O,C76 ':. 01 1) O, 1 JO 53,7HO p')5 D 12 0.010 o. 005 0.011. Jl,492 
EGLY A 12 O,CB6 0.:10 O.~lJ 67, ]U') . P05 E 12 0.014 o. 005 0,-029 ; SQ; 782 
EGL Y fl 12 0,090 0. C· 1C (;. 2 1J 71. U 19 P06 A 12 0.018 0.005 0.066 . 9.5, 112 
EGLY e 12 0,092 G, 010 0,225 tl 1, 171 p:)6 E 12 O,OJ1 o.010 0.092 73.6B8 
EGLY D 12 0,073 •J, C 1 O C,22'J 89, ti 79 p'J7 A 12 ) • 1')7 0,009 o. 6 70 1111,051:i 
EGLY E 1.2 o.o so o.c10 0.335 123,6()6 ?)7 E 12 J.042 ,; • 005 0.210 129.283 
HIGO A 12 o. 14 9 C,054 o. 2 52 36. 77) PJB A 12 0,029 o. !)05 0.07C 85,&76 
EIIGD E 12 0, Cbt3 o. ·:i20 o. 14·J 58. 2 17 1'08 E 12 O. C· 113 0,005 0,058 76.69J 
EHPK A 12 C-. 074 0. C l0 (1. Jc·) 113.495 p,,9 A 12 ,:, • 0 22 O.C05 0,054 90.536" 
fHPK E 12 0. 07 '.', o. 010 0,345 129,254 P'J'J E 12 0,015 c-. 00 5 0.050 85. 1n· 
EIIL A 12 o. 0 9 9 0 •. :,q 7 G. 14.5 H,'E3 p1J A 12 0.021 . C. 00 5 0,067 99.829 
UIL E 12 C, 07 0 I).') 16 0, 135 57. 6 5!i ?10· E 12 ~.Q2ij ,'), 005 (',086 98.077 
EIKC A 12 o. 1 oa 0,071 o. 16 5 2 5, 6 U5 ?11 A 12 0. 0 j() o. 005 0.076 90.253 
EIKC E 12 0,061 0, C 19 o. 135 59, 75LI P11 s 12 '.), 032 0,005 0,091 86, 208· 
fKL(i A 12 O,Of'8 0.010 C·. 14.J 42,485 P12 A 12 J,029 Q. 00 5 0. :)76 94.9&9 
EKLQ ;;; 12 0. 06 7 u.022 o. 13 5 53. 3 OJ P12 E 12 ). 0 35 0,005 0. 110 89,252 
EKMP A 12 O, C 80 0.010 0, 1 JJ 50. 4 75 P13 A 12 0, 027 O, OJ 5 0,084 102,873 
EKNP B 12 0.06& 0, 01·J 0. 1 J•J 69.53U ?13 B 12 C.025 0.005 u. 104 125. 421 
EKttP e 12 0.048 I).010 0.135 B2,3U5 [.>13 e 12 o. 3211 o. 0')5 J .OB& 110,26'3 
EKIIP D 12 o.ouo 0,01!) o. 135 9 5. 2 34 p1J D 12 ·J.017 0. ~o .5 C'.J48 69.646 
EKMP E 12 o. ,) 38 0.010 0. 12J 91,5<.9 P13 F. 12 J. 024 0.0~5 C. 0 74 87.297 
EMQC A 12 0, C,6 l G,010 '). 1 8:l 87, 7'24 P14 A 12 J, 0 21 '), l)Q 5 0. 059 84,389 
EMQC E 12 Ci. 0 41 o.c10 0. 1 1 IJ SB,679 l'14 E 12 0. C 24 o.o~5 G, Q59 85. 18 3 
£NNB A 12 (', 05 ':I •~. J 1 C 0. 130 71.!l77 i?15 A 12 0.022 C. 005 8 · 86

J 
93,446 

ENNS B 12 0,055 C'. :' 10 J. 130 84. 4 53 P15 E 12 J.029. 0. O·'J 5 • 71 7B.159 
EllNB C 12 0,049 c.no C • 1 Jj as. 261 

---------------------------- I • •-• --------. ------ • -------------
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Appendix 8 - .1 C • Summary of· organic nitrogen (mg/1 as N) data 'for the Pensacola Bay system during 
January, through 5eptember, 1974 (Pensacola Bay data from the University of lie st Florida) • 

--------- ------- -----------------------------... ;·, ' 
Sta. Dep, No, Mean lliD. !'lax, cu Sta, Dep, llo, Hean I! in. 11ax. . en 
-------------------------------------- ----------------------------
ADGV A 12 · ( .• 209 o. ')29 C,470 62,8 ENNB D ·12 0. 35 1 n.011 0.665 52,3 
ADGV E 12 0.236 0,025 0.488 50.7 ENNB E 12 C.301 (.'.022 C• .565 54.3 
AGJI A 12 C. 199· 0.052 o. 57 0 71). 1 EPLP A 12 0,286 0.067 0.4110 39.5 
AGJI B 12 0.2(6 1).040 0.550 6 3. 3 EPLP E 1 !: r,. 297 0. 15A 0.1150 311.6 
AGJI C 12 0.206 0, 1)25 c. 5110 64; l EPRF A 12 0,274 ,j, 14 7 0.4110 29.0 
AGJI D 12 0 .189. 0.025 o. 320 35.6 EPRF E 12 C. 22 9 0.040 0.418 53. Ii 
AGJI E 12 C.256 o. C-13 0.695 90.3 ER PD I\ 11 C,291 0.036 0. 510 115. 7 
I\GPH A 12 c. 196 o.nc o. 10,:, 92.0 ERPB B 12 0.301 o. 06 3 0.510 110. 7 
AGPH E 12 0.231 o.cao 0.6110 6 7. 3 ERPB C 12 11 • 26 3 0.022 0.6115 55.6 
I\JFD A 12 0.237 '), C-62 C.610 58. 3 ERPB D 12 C.232 0.022 o. 11118 511, 8 
AJFD E 12 ", 2117 0.('60 0,67G 70. 2 ER PB E , 1 C,2&0 o.c C. 520 59.11 
ALEX A 12 0.283 I). 120 C. 611 .') 119. 6 ER 1C A 12 C. 213 (',085 0.180 49.0 
ALEX E 12 0,263 O, CBS. (), 780 67, 1 F!R 10 E 12 0. 20 7 o. Cl 18 o. 390 58.2 
BFEI A 5 0.311 0. 003 1. 138 15 1. 1 ETLQ A 12 0,262 ~ .O'lO 0.1170 41. 5 
BPEI E 4 0. 159 o. 115 o. 185 20. 1 ETLQ E 12 r:. 288 O. C 1 0 0~563 51. 3 
BJIV A 12 G.153 0,029 ('.350 73. 1 ETQE A 12 Q. 25 7 0.097 0.11110 36.3 
BJIV E 12 ('.195 o. 065 'o. 119•} 61.8 ETQE E 11 C,. 2119 0.027 0.490 51.B 
BNGA A 12 C • 1 II 8 0,035 o. 310. 67,2 PEIJE A 9 0,357 0.085 o. 690 56.2 
BNGA E 1 I 0.218 O.C15 o. 1155 5!l. II PEUE E 8 o. 44 0 0.060 1.061) 72.Q 
BBEA. A· 12 0.176 o.o o. 355 59.7 PC 1 A 12 C. 158 ') .o 3~ C-. 396 67.1 
BREA E 11 C.261 o. 013 C.700 85,8 PC 1 E 12 o. 2113 0. 082 0.617 69.5 
ECGM• A 12 C-. 2110 0.001 o.· 11119 57.7 PC 2 A 12 IJ,2C8 ,, • ('78 :,.385 51.7 
ECGM E 12 C,2811 C, 022 ;Q,662 72.5 PC2 E 12 0,223 (), ()41) 0,%1 118,5 
EEDR I\ 12 ~.358 (1.027 1. 37 5 97. 1 PO 3 I\ 12 C.2C6 .Q. C 1 3 0.485 73.5 
EEDR E 12 C·.317 0.025 1. 0~ A 711. 6 pCJ E 12 C, 3111 o.oo 1.026 811 .c 
EEE!I A 1 2 · c.202 0.010· G. 36·) 52.5 p(14 A 12 (I, 182 o.o 0. 1153 00.0 
EEEII· .E. 12 · 0 ;239 •J. C 1 C (,. 11115 II 5, 1 Pfli E 12 ". 22 2 o.o 0.1126 65.8 
EEIX .-11 12 0.:222 0,036 ('1.1160 55.7 Pc 5 A 12 o. 2112 0.063 0.591 70.9 
EEIX E 12 0. 26 7 O,C23' C.52,j 117. 8 P05 B 12 ('. 216 (', 035 0,615 811 .11 
EEKV A 12 C·. 336 0,13,; o. 6 lltl 50.8 P05 C 12 <'. 1113 o.o 0.385 75.2 
EEKV E 12 0. li(fi · o.c90 1. 16 9 68. 3 PC c; D 12 o. 19 3 0.0311 o. 4q9 77.0 
EGLY A 12 r. 360 I\ .055 C. b6 8 115. 7 PO 5 E 12 (·. 1117 (',036 r.457 83.2 
EGLY B 12 G.38n 0, 12 c; C,898 56.5 P06 I\ 12 (. 18C 11. (1 C,382 68.7 
EGLY C 12 C. 116 7 0. ')75 , • 05.8 66.5 p(,b E 12 r: • 211 ').052 0,885 111. A 
EGLY D 12 0. 3110 0 !\ 0.555 119. 2 p~ 7 A 12 C.186 c.c 0.430 79.0 
EGLY E 1 1 0.393 O.C83 ('. 728 51. Ii P'J 7 E 12 c-. 1118 o.o 0.475 95.5 
EHGD A 12 C. 233 0." 15 ('. 11118 63.6 PC·S A 12 r,. 16 3 O.C06 !:.42C 78.2 
EHGD E 11 C-,30') O.C7'1 r-. 112 s 36, Ii POB E 12 C. 192 o. !)38 1'1.639 9 3. 5 
EHPK A 12 (,. 4 25 J, 285 0.680 23.6 PC-9 A 12 0. 185 O. C26 0.525 90. 'l 
EHPK E 12 0. 36& o. 1117 o. 518 35,6 PG 9 E 12 (·. 232 I). 0113 '). 521 eo.2 
EIIL A 12 C.2117 o. ':95 c. 34 5 n.1 P1CI A 12 r:. 1511 ·~. 0 0. 1133 88. () 
EIIL E 12 (.295 r, .085 (\. 5110 113. 9 P10 E 12 l;.208 o.o 1).882 135.6 
EIKC A 12 C,247 "· 115 0.363 31. 1 Pl 1 A 12 C-.218 [\,() o. 800 101. 8 
EIKC E 12 C. 316 o.} 10 IJ.628 52,0 Pl 1 E 12 f·. 15 1 o.o IJ. 4 11 9).7 
EKLQ. A 12 . I). 2A2 0,065 0. IIC 3 )9. Ii P12 A 12 C. 1711 C. C· ').379 70.() 
EKLQ E 12 o. 3111 0.004 ('. 598 118, 1 Pl 2 E 12 C', 21111 o.c 11,803 111 • 0 
EK!IP A 12 C.292 0. 10 3 0. 59,') 46.3 P13 A 12 C·. 2C 1 C. C 13 o. 1122 60.7 
EKMP B 12 0.317 0. 05 2 C,4110 32. C' PB B 12 r. 2311 ') ·"56 (). 724 9:). 1 
EKMP C 11 0.3G'l V,G55 0.520 117. II Pl 3 C 12 G. 253 0. (I 0.1193 65.7 
EKMP D 12 o. J 1J I). 0 12 o. 6111') 53. J Pl) D 12 0.175 0.027 0.412 77.2 
EKMP E :. 12 .0.297 o. 075' 0,600 56.5 P13 E 12 0.258 o.o n,492 55.8 
EIIQC A 12 (·. 31) 8 OJ·60 C:. u 7 5 37. 1 P111 A 12 0;258 0.033 o. 735 73.!) 
EMQC 1r: 12 0.250 0. C•ll8 fl. 112c; 4 2. 9 Pl II E 12 C.256 :).Ii 0,736 97.1 
ENNS A n o. 26(' 0.063 o. 37i:, 38.9 P15 A 12 0.237 0.021) :J.7A5 9'l. 7 
ENN3 6 12 0. 30 7 C. 140 C. 53·) J8.6 P15 E 12 ('. 26 5 o.o C.703 95. 1 
ENNS C 12 C.359 .o. 175 0,645 Ii 3. 3 

----------------------------------------- ---- ----------------------------------------
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Append ix 8 - 11, Summary of total nitrogen (mg/1 as N) data for the Pensacola Bay s_yste11 daring 
January through September, 1974 (Pensacola l!ay data from the Oniversity of Vest Ploridat, 

-----------------------------
Sta. Dep. No. Mea·o l'lin, Max, cu Sta, Dep, No, Mean llin, llalC, en 
----------------------------- - --------
ADGV A 12 C. 26 7 0,06C (.1;580 5 3. 1 ENNB D 12 0.472 0,157 0,778 37.8 
ADGV E 12 0, 33 9 C,':60 o. 51 !l 34,7 ENNB E 12 0, 43 9 o. 110 0,674 3 2. 1 
AGJI A 12 C.248 o.oac C.590 55.4 EPLP A 12 C, 371 0,107 0,598 39 .o 
AGJI a 12 f.251 0-.060 0.570 52.8 EPLP E 11) C.380 0,218 0, 540 23,1 
AGJI C 12 (,248 f;, 06 f\ c.~6Q 55,8 EPRF A 12 c. 363 0, 175 o. 585 34,1 
AGJI D 1 2 ·=, 259 O. G6".' r,. 500 43. 1 EPRF E 12 C.325 0,062 0,475 43,2 
AGJ I E 12 C,357 O,C9C 0,784 59, 1 ERPB A 12 C,358 0,060 0,630 50.0 
AGPII A 12 0. 24 8 0.060 f;, 12•') 71, 7 ERPB 8 12 0,385 0,(195 0,662 43,5 
AGPH E 12 D.306 C. 1('C (', b8•J 50,9 ERPB C 12 0.348 0.069 0. 717 47. 4 
AJFD A 12 C.287 O, 10C c. 631) 49, 3 ER PB D 12 0, 313 0,060 0,505 50,9 
AJFD E 1 2 r,. 334 ·1, 131 n, 71 5 55.9 ERPB E 12 C.351 0. 120 o. 567 44,4 
AL EX A 12 ~. 325 O, 14 G C,b60 44, 6 ER 10 A 12 r:,3A2 '),225 0.502 23, 1 
ALEX E 1 2 I;, 378 0,201 C,825 44, 8 EF.1 0 E 12 IJ, .17 9 (.I, 227 (1,500 25,7 
BFE! A ':i 1'.'.445 0. 157·. 1. JC, LI 1'l 8. 7 ETLQ A 12 C', 341 '.), 125 0.522 39,7 
BFEI E !I C,256 o. 12".' ".', 37:2 4 0, 5 ETLQ E 12 C, 415 0,120 0,655 34,4 
BJIV A 12 ':. 2113 o. 1(11) C, 48 7 117.5 ETQE A 12 ::i. 35 'J '), 125 0,545 33. 7 
BJIV E · 12 ~.2li4 a. 110 C. 53r, 4(-, 0 ETQE E 12 r.318 '.l .065 :I, 587 47,7 
BNGA A 12 (,226 o.n1 c. 36 7 4 7, /'I PEIIE A 9 C,407 0, 135 0,710 46,3 
BNGA :;: 1 L ~.294 ·~. C 60 11, 491 45. 1 PEUE F. q (', 44 7 0,105 1,080 69,Q 
BREA A 1.2 C.236 ,) • C-2~ r,, U5b 55, 1 PO 1 A 12 0, 20 9 o. 01:19 0,420 5?,2 
BREA E 12 C. 156 C.C6C C,72J 54,3 p~ 1 E 12 c·. 211 0,095 0,64C 6T.7 
ECG:1 A 1.2 C,407 0,245 C-. E 30 3 1. 1 p(': 2 A 12 r , 24 3 0,090 0,430 49,8 
ECG!I E 12 0. 4 90 :), 289 0,77] 32,9 P('2 E 12 o. 26 4 :),()59 1,040 103, 4 
EEDR A 12 0.5~4 ,J. 27 5 1. 585 64.4 pl) 3 A 12 0, 24 7 0.090 ~. 5i2 58,9 
EEDR E 12 o. 517 ,'), 295 1, 150 LIO, 8 PC·J E 12 0,359 O,OA9 1. 140 8 1. 1 
EEE~ A 12 r..~7-) O. 2C J ·'.'. 118 5 24,7 POii A 12 ,), 225 o.010 (I, 536 69,2 
EEEM E 12 0,42[ '.',257 0, 55 'i 20,4 PC4 E 12 C,265 O,C95 I'), 469 54, .l 
EF.IX A 12 C, 361 o. 192 0,58R 3 1, 1 Pl'.'5 A 12 C,286 0,075 o. 6<13 64,7 
EEIX E 12 (;.UC 1 'l. 24 5 r • 56 2 23. 5 PC-5 B 12 ~, 252 O,C90 0,675 73,5 
EEKV A 12 C,476 0,268 o. 960 3<1, 3 p(' 5 C 12 0, 17 9 1.:n1 0,40'). 61,7 
EEKV E 12 ',57] ~.258 1, 281 48,1) P('5 D 12 : • 233 O,C69 0, 530 61,5 
EGLY A 1.2 0.511 ) , 115 C, 880 42, 1 PC 5 E 12 0, 212 (),1'80 1),604 72. 8 
EGLY B 12 0,573 ), 17 5 1,262 ·4 6. 5 PG'> A 12 0.228 0,089 0, 439 49, (I 
EGLY C 12 C. 652 C, 128 1. 51 ·'.' 66. 1 P"6 E 12 I'). 312 C,096 1, 10 2 91,2 
EGLY D 12 (, 119) 0.1n c,94r 5'.'. 9 P': 7 A 12 0. 323 ~.CBS 0.760 62. 1 
EGLY E 11 C,565 o.1117 1, C55 46, 'l Pf,7 E 12 c. 258 0,070 0,770 79,7 
EIIGD A 12 ('. 421:, 0. 21') 2 0.b4, 33. 5 Pf'8 A 12 c.222 C,C9C a.1164 56.8 
EHGD E 11 [,, 465 C, _,ir, c. 6CJ 19, 7 PC•B E 12 0,264 !'!,C,72 0,709 72,2 
EHPK A 12 , .• 5611 0.3r: ~- 890 26.9 Pf· 9 A 12 0, 234 .;. (195 o. 537 65,9 
EHPK E 12 ", 516 ),215 ':', 995 37. 1 PC• 9 P. 12 ~.275 o.:92 (I, 581') 65.1 
~IIL A· 12 C. 183 c.22c o. 1191 21, LI P10 A 12 C, 197 0, CAO 0,445 62, 1 
EI!L E 1 2 ,.434 '). 197 C,657 29 •. l P1f) E 12 fl,282 O,C-67 0,969 106. 5 
EIKC A 1 2 c. 4,: 1 0,238 0.505 21. J P11 A 12 C,279 0,081) 0,826 77.2 
EI KC .i: 12 r , 1191 o. 218 r.. 917 4 0. 9 P11 E 12 0.275 "· 110 C,487 53,9 
EKL\,1 A 12 (·. ur 5 .J. 161 c. Sb i 27.2 P12 A 12 G,232 (', 08'l ,,;5% 55.7 
EKLQ E 12 (, 461 0, 22 ':' o. 7112 2 a. 1 P12 E 12 /J, 354 0,07') C', 972 78,4 
EPIP A 12 ,•. 4 1 C· ;: • 1 ]l) o. 7 311 1q. ': P13 A 12 C. 257 C. 1 ~ 3 . CJ. 4 35 44, 1 
EKIIP iJ 12 t:,4211 -~, r; 90 0,6C2 J /'), 7 P13 n 12 G,27S ~.C89 'J, 781 76.5 
EKMP C 11 C.. 43•:• O, 1:JC !), 85 7 49,2 P13 C 12 C-. 3') 8 ·1, CR9 o. 560 54,3 
EK11P :) 12 ~, 11119 0 •. )81: C.942 47,6 P13 D 12 (',239 i:.069 n,475 61.3 
EKMP ~ 12 ':, 4119 o. 195 r.. 7 97 39,8 pl] E 12 0, 351 -~.11c 0,687 51, 5 
EMQC A 12 C. u 19 ·:,. 1 ".' ( ".·6 7 2 38, 1 P14 A 12 ~'. 298 '1. ~ 95 C,,927 66,4 
EIIQC E 1 2 C, 358 G, 1 ~-5 r;, 516 36, 2 P14 E 12 ~.342 •:, (184 t',909 77, 1 
ENN i3 A 12 r, 35b '), 111!3 C,5b2 29. 5 P15 A 12 (, 2A8 1),096 O, 98C 92,7 
ENNIJ 3 12 C. 4C 1 .: • 15~ ~- f-.77 36.6 P15 E 12 :, . .n 1 C,085 I). 9 55 70,9 
ENND C L! r,499 I}. 29-J I 1, OAR 4],7 

--------------------------------------------- -------------
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Appendix a·- 12, Summary of total phosphorus (mg/1 as P) data for the Pensa~ola Bay system during 
January through SeFtP.mber, 1974 (Pensacola Bay data from the University of West Florida). 

-------------------------------------- -------------------------------- - ---
Sta. Dep, No, Mean Min, Max, CV$ Sta, Dep, NO, Mean Hin. Ma,:, en 
------------------------------------------ - ------------------
ADGV A 12 o.01u C•. C 10 (,. C30 42, 9 ENNS D 12 0,042 0.016 ~, 118 67,9 
ADGV E 12 G, 022 ,), 01 C- 0, CSli 63. 4 ENNB E 12 0.039 0.014 0,088 53. 0 
AGJI A 12 0.013 O.f'l 10 0. C-27 39, 3 EPLP A 12 0, 027 c.o 13 0, 049 44, 5 
AGJI B 12 (',(•13 0,011) C. C· 3') Li 3, 6 EPLP E 12 0, 03 t; (). C 1 0 o. osu 52,9 
AGJI C 11 0.012 o. 010 C,023 32,7 EPRP A 12 0, 018 0.010 0.031 39,6 
AGJI D 12 0.014 ·). t: 10 0,031 Li 4. 4 EPRF E 12 0.021 O,C10 o.o:n IIU, 6 
AGJI E 1 2 0,019 (),01() 0,('40 41.B ERPB A 12 0, 01 9 0,010 0,045 51, 9 
AGPH A 12 0.01.l o.c10 0.021 26, 3 ERPB B 12 C,021 O,C10 0,037 54,2 
AGPH E 12 0, ') 18 I). C 1C· C,C36 4!), 6 F.llPB C 12 C'. 018 0,010 0 .027 36.4 
AJF D A 12 0,013 ,1. a 1 r:' 0, 01 9 24,2 ERPB D 12 0, 01 B O,C10 0,029 35.7 
AJFD E 12 C. 021 0, 0 10 C'.C31 35. 1 ERPB E 12 c,. 028 0.010 0,0118 48. 1 
ALEX A 12 Q,('18 0, C' 10 0,083 114, 2 ER10 A 12 O,CLIO (),024 0.055 22, 4 
ALEX E 12 c.021 C,01C C. C42 39,6 ER10 E 12 O,OLIC 0,027 0.070 30.5 
BFEI A 5 (),i,18 0, 0 10 (•, 026 36,5 ETLQ A 12 (-.1)23 0 .c 10 0,%1 70.0 
BFEI E 5 0.024 O. C 19 C,029 18, 2 ETLQ E 12 C,039 0.010 0, 139 90,6 
BJIV A 12 O,C19 0, 0 11 (1, C 3 '.I 27,4 ETQE A 12 0,016 0, 0 1'1 [1,028 40,5 
BJIV E 1-2 o. 026 0,010 0,065 53. 7 E'!'QE E 12 0, () 18 0.012 0.040 43,8 
BNGA A 1 '2 C:. C 1 7 0,010 0,024 29,9 PEUE A 9 0,026 0,016 0,031 28,R 
BNGA E 1:1 n.-~n o.011 0. r, 27 25,4 PEUE E 9 0, 03 0 0.021 0,052 33,U 
BREA A 12 0,016 o. ()10 o,c,32 4 9, 1 p:) 1 A 12 C. 0·117 .o. 0 10 0,260 1116,4 
BREA E 12 c,.c22 I'.'. 0 1 3 o. 052 49,0 PO 1 E 12 0. 021 0.006 0,041 52, 4 
ECG/'! A 12 ,) • 033 I), 019 I). 0 7 2 42. 5 PO 2 A 12 0. 022 0.007 0.063 72.9 

· ECGM E 12 C,G35 0,017 o. 056 40.2 PO 2 E 12 0.021: 0,010 0,058 61,8 
EEDR A 12 0, Cu 0 0,"20 C,068 37. 6 PO 3 A 12 0. 02() 0.006 0,080 104. 3 
EED!l E 12 O,C38 o. 023 0,075 34,9 PG3 E 12 0. 04 0 0,005 o. 230 151, 8 
EEEM A 12 C.033 0,022 C,070 39,3 POLI A 12 0; 022 o.cos 0,056 74 ,0 
EEEM E 12 (. 041 1),025 c. 120 6 3. 1 pr,4 E 12 0,028 p.006 0.045 U7,4 
EEIX A 12 (·, 033 0, (•18 (', 061) 35,ij POS A 12 0,021 0,007· 0,071 88,0 
EEIX E 12 1),036 0.022 0.057 27,4 . PO 5 B 12 0, 01 7 0,007 0. 0 31 5 2, 4 
EEKV A 12 O,C3C o. 'J1 8 C,055 35,0 PO 5 C 12 o. 017 0.006 0,037 7 3. 1 
EEKV E 12 0. (l )3 0. 020 o. 0 53 31, 5 PCS D 12 0, 018 0,005 o.nus 67,4 
EGLY A 12 0.027 (), 0 15 C,C,48 36,8 p(15 E 12 0. 029 0.007 0,059 64,0 
EGLY B 12 0,031 o. 017 c.css 39,B P06 A 1 2 0.022 0,007 0,081 91, 0 
EGLY C 12 C,034 O,C16 o. ('66 45,9 P06 E 12 G, 027 0.006 0. 060 61. 4 
EGLY D 12 (', 03U 0.01u o. ('6 2 48,4 PC 7 A 12 C. 011 0.0% C.600 215,7 
EGLY E 12 C•, 033 0,014 0,060 46,6 P07 E 12 0,037 0,010 0,085 54,9 
EHGD A 12 0. 03 7 0. ':' 20 ( 1 • 010 3 A, 1 POB A 12 0,021 O,O'lfi 0,037 54,8 
EHGD E 12 O,fJU3 fJ,025 o. 14 2 12. 1 PCB E 12 0. 036 0,005 0,080 59.0 
EHPK A 12 C,..034 0.010 0,059 45.2 P09 A 12 0. C1 8 0.005 0. 0 39 62,6 
ERPK E 12 O,C34 c. 014 o. 06 6 40, 1 ·P09 E 12 0.018 0.01)5 0,034 55.3 
EIIL A 12 0.031 O,C19 O,C64 39,8 P11) A 12 0, 016 0,007 0,026 41, 1 
EIIL E 12 0.030 0, 0 11 0. 04·7 38,9 P10 E 12 C,031 0.005 0.075 65.9 
EIKC A 12 0,028 o. (I 14 (l, 055 U0,9 P11 A 12 0,025 o.oos (',047 52,3 
EIKC E 11 C,046 O.C14 o. 161) 88,3 P11 E 12 0.03( o.cos 0.056 53. 0 
El<LQ A l2 O,C25 0,014 0.055 46,5 P12 A 12 0.021 o.oos 0.066 79.1 
EKLQ E 12 o. ('31 o.016 0.060 3 8, 4 .P12 E 12 o. 032 o. 005 0,071 69, O, 
EKMP A 12 C.028 o.013 0,052 so·. 3 P13 A 12 0.016 0.006 0,035 51. 8 · 
EKHP B 12 0,028 0, C, 11 0,051) 44,5 P1 3 ll 12 0,016 o.ocs 0,032 61,9 
EKMP C 12 0.027 0, 013 o.oiiµ 41. 0 P13 C 12 0,017 0,005 0,039 62,4 
EK!IP D 12 0,033 '), 016 0,070 48, 1 P13 D 12 0. 02C O.MS 0.042 65. 1 
EK!IP E 12 (·. 034 0,(.119 0,055 32,2 P13 E 12 0,036 0,006 0,146 105,5 
EHQC A 12 0.022 0, 0·10 0.051 50. 1 P1 II A 12 0.016 0.006 0.032 58,4 
E!IQC E 12 0,022 0,01(1 o. 037 38, 7 P111 E 12 0,030 0,005 0,084 79.5 
ENNB A 12 0,023 . 0,013 .o, 0 51 su.1 P15 A 12 0. C2 1) 0.005 0,075 98,2 
ENNB 8 1 1 0.028 0. 011 C•. 070 67.9 P15 E 11 (',026 0.005 0.0117 50.3 

------- ----------------------- -----------
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r,ppendix a - 13. summary of dissolverl orthophosphorus (mq/1 as P) dat~ for_thP Pensacola B~y system 
during January throuqh September, 197U (Pensacola 11ay data from the Un1vers1ty of West Florida) 

-------------------
Sta. Dep. No. !lean l'li n. 

--------------------
r.DGV A 
ADGV E 
AGJI A 
AGJI B 
AGJI C 
AGJI D 
AGJI E 
AGPH A 
AGPH E 
AJFD A 
AJPD E 
ALEX A 
ALEX E 
BPEI A 
BFEI E 
BJIV A 
BJIV :: 
BNGA A 
BNGA E 
BREA A 
BREA E 
ECGM A 
ECG,1 E 
EEDR A 
EEDR E 
EEEM A 
EEEM E 
EEIX A 
EEIX E 
EEKV A 
EEKV E 
EGLY A 
EGLY B 
P.GLY C 
EGLY D 
EGLY E 
EHGD A 
EHGD E 
EHPK A 
EHPK E 
EIIL A 
EIIL E 
EIKC A 
EI KC E 
EKL(l A 
EKLQ E 
EKIIP A 
EKl'IP B 
EKMP C 
EKMP D 
EKl'IP E 
E11QC A 
E~QC E 
ENNO A 
ENNB 9 
ENN9 C 

1.2 
12 
12 
12 
1.2 
12 
12 
12 
12 
12 
12 
12 
12 

5 
5 

12 
12 
12 
12 
12 
12 
12 
12 
1 2 
12 
12 
12 
12 
1:.1 
1 2 
12 
12 
12 
12 
1.2 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

C'. r: 1 0 
J. ') 1 ') 
~- ·J 1 ".' 
(). ~ 1 j 
:.}10 
r .'JP 
0. ') 1: 
':·IC, s 
r J; 1 ,) 
C .0 1,; 
C:.,: 1 C 
C. 0 1 ·: 
c. 'i 1 (• 
c.0,c 
').')1·: 
'). C 1 ') 
0. C· 1 J 
(. 0, ·J 
0. Q 1<1 
1:.r,10 
(.01 0 
(.. 0 1:) 

c.on 
G. C 11 
C. C: 1 C 
(·.011 
~. 01 0 
G.'in 
l:JH 
0. j 1(1 

f),C,1( 
r .C 1 ~ 
C• .01 J 
0,010 
(', 0 1 •. 
0,010 
0. C 1 0 
r,. I) 1 ,') 
0.010 
C, .o 10 
o. 1)1j 

r .o 1-:: 
C.01) 
O,C.10 
0.011 
0, -:• 1 0 
0. 010 
C. S 1 0 
O,C1'J 
c,.n11 
0, C, 1 t; 
~-. tJ 1 :) 
0 .G 10 
C.ClC 
').) 1 0 
f. C 1 0 

J.-: 1 ·: 
1. ~ 1 C 
C • C· 1 ~ 
'j. i. , .j 

C. 0 1 •c 
0. ~, r: 
I'.,, ,r 
0.(11C 
·J. -j 10 
0. ') 1(' 
';, 01 C 
0.010 
o.o 1') 
0.010 
0.010 
0,010 
:) . •;, (
i), 0 F 
o. ('•, (: 
0.01f 
0~()10 
').CH 
O.OlC 
0, <' 1 ~ 
0.01(, 
0. 01 (• 
o.~10 
1. ~ 10 
0,010 
0. ~I 1 C 
G, '.) 10 
0. ", () 
.).0 lC 
{) • r:, 1 0 
0.01· 
0, G 1 t, 
0. C 1 C 
0. :, 10 
o.:) 1( 

'J.01G 
0,'},C. 
J. ~,, 
o.c,c 
r:. 0, ,: 
0. t~ 10 
o.c,o 
0.C- tC· 
0. ') 1( 

a.OlJ 
I)• r 1 ~ 
(), 010 
0.c,~ 
0. ':- 10 
o. () tr 
0. c 1 ') 
·1. 0 1C 

l'\a X • 

c. C 1 'l 
(1. ~ 1 ,:, 
C. C 1 0 
o.cn 
'.,: 1:, 
C. C 1 D 
(·. C 12 
(',010 
C-,C·10 
C.(.10 
0.010 
'i. 012 
o. r,.10 
C-. ') 10 
o. 0 1•} 
0,('10 
0. 0 10 
O.GF· 
o. 01 0 
0. ~, ·'.' 
O,J12 
C•. C· 1 ,} 
0.", ') 
0. "1 5 
C. 0 1 2 
C. (,2 3 
o. '), f} 

0. C 1 :, 
C1 • 0, 0 
r:. 010 
o. c, 1 ':'· 
0. 0 1 -. 

0.010 
C. 0 1 :• 
0." F• 
C, 01 •} 
') • ') 1 'i 
r. •, 12 
c.01 -, 
C. 0 1 •} 
'), 010 
0. r, 11 
,: .. ~,} 

0, C· 10 
G.011 
'), C10 
Ci. C 1 r, 
!j. ~, •! 
0.[10 
o.c,,c, 
"· 01 .; 
C. (· 1, 
,~,. ') 1] 

0, (' 1 ·:• 
c. rt'} 
r,. C 1 2 

CV"l 

:), () 

o.o 
0.0 
o.o 
5.7 
o. () 
0,0 
c.o 
I), t} 

5. 7 
'). I) 

'), 0 
O. n 
I). 0 
0.0 

0." 
o.o 
s. 7 
I). } 

0.0 
1 4. 2 
7. 5 

33. 3 
C. n 
o.c 
0. ': 
'1. 0 

0. C 
0.0 
'J. ,; 
c.o 
) . :} 

13.'l 
5. 7 
'). ') 

1. 0 
'), 0 
2. 9 
Q. () 
I;.') 

2. 'I 
0, •1 
n.r; 
o. ') 
0. ') 
0.~ 
o.o 
o.o 
':. C 
'). 0 
o. 0 
5.7 
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Sta. Dep. No. 

ENNB D 
ENNB B 
EPLP A 
F.PLP E 
EPi!P P. 
EPRF E 
F.RPD A 
ERPB B 
ER PB C 
ER Pll D 
ERPB E 
ER 10 A 
E!llO E 
ETLQ A 
ET[.Q E 
ETQF. A 
ETQE E 
JJEUE A 
PEIIE E 
PO 1 A 
P01 E 
PO 2 A 
pf, 2 ,: 
Pf J A 
PCJ E 
PC U A 
P(•4 E 
pr. 5 A 
P•' 5 B 
PC5 C 
PCS D 
PQ 5 E 
PC6 A 
PC-6 E 
P07 A 
pr, 7 P. 
PC·EI A 
pr 8 E 
PC:9 A 
P09 E 
P1: I\ 
Pl ,J E 
Pl 1 II 
P11 E 
P12 A 
P12 E 
Pl 3 A 
P13 B 
P13 C 
Pl 3 D 
P13 E 
Pl 4 A 
Pl 4 E 
Pl 5 A 
Pl 5 E 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

q 
q 

12 
, 2 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

Ilea n 

c. ('I,(' 
0.0111 
(', 01 ') 
0.010 
C.01 0 
'), 01C 
c.01r 
C•, 01 'c 
O. C 1 C 
0. ,} 1,: 
0, 0 1 C 
r .• o,, 
0. 011 
t,, •) 1 0 
C.~H 
r • C 1C 
0. ':· 1 0 
C.·01-' 
OJ1C 
':. or: 5 
0. ,)(' 5 
0. ,:,os 
C. 005 
C. 0)5 
C".005 
C. o,, 5 
0. 0~15 
C.005 
I~• 0Q5 
C. IJ:l 5 
r. -J: ~ 
O,CC5 
I'. OC-5 
C. OC· 'i 
0. i)(";7 

c.oos 
O,OC5 
c.or5 
0,005 
0. 'JC 5 
0. '.)f. '; 

r.oc5 
C. 0G 5 
C.005 
C. OO'i 
C·, CC'5 
0,005 
0. OC':i 
c.ors 
C•. QC-5 
C.OC5 
(,. Q(''; 

o.or-5 
r.005 
C.005 

Min. 

0,010 
,;, 010 
0.0111 
I), 010 
(' .r: 1" 
C,010 
0.010 
C. :· 10 
0. (' 10 
0.01 I) 
C. 0 10 
o.c10 
0.010 
r.c10 
0.010 
':·. 011) 
0. C 1"' 
:.010 
0,(110 
'·• CC5 
'i, OO'i 
0. c,r5 
0.0i.5 
0.0'.)5 
0.CGS 
0.005 
0. C t:'5 
().0 1)5 
Cl, OC•':i 
O.OC5 
o.r.cs 
J,OC5 
0.ro5 
o. 005 
o.:p5 
o. 0'.'5 
(', ')r,5 
0.0~5 
o. 005 
,; • cos 
0,005 
G,005 
0 .('05 
O,c-05 
I). '},)5 

c. 00'; 
O,CQ5 
0. 0:'.'5 
O, C·05 
0.005 
0.r,05 
O.G'l5 
0.005 
0, C·05 
0.0~5 

Max. 

o. 010 
o.o,c 
n.010 
0.010 
o. Olrl 
'), 010 
0. 0 10 
r. I) ,c, 
0, 0 1C 
0.014 
0.010 
0. •116 
C.018 
0, 01 C 
(',. ·'.l 10 
0, ,:, 10 
0. -~ 10 
·"., 1 C 
0, 'J 1C 
0.005 
o. ,1,';5 
o. •}-'.)'i 
O.OJ5 
O, O!J5 
O.OJ5 
C,O'.l5 
0.005 
0.015 
0,005 
r.-.Y·5 
c. ')1)5 
0,1)05 
(). 005 
C:.005 
0. C' 30 
0. 0111 
G,005 
C,; OO'i 
1),005 
0. 0•~5 
0.005 
0 • .J(''i 
C.005 
0.005 
0.005 
0. !)05 
C. ~05 
I'\. 005 
0,1)05 
C'.OC5 
0,005 
(:, ('('5 

'). Jl)'i 
r::. 1')05 
0,005 

CV$ 

o.c 
o.o 
.0. 0 
0.0 
o.o 
o.o 
i) .') 

').Q 

o.o 
11. 2 
I). 0 

19. 7 
23.5 

0.1 
!) • 0 
0.1 
o.,; 
(). ') 

o.o 
0 .11 

0.1) 
(',') 

~. l'I 

0.0 
l'.O 
0. ') 
0. ~-
0. ~ 
I), 0 
r, .0 
o.o 
r.n 
0.() o.,, 

, (),. q 

118. 7 
o.o 
/I. C 
(). Q 

0. ') 
('. (' 

0.0 
i).rl 
0. :J 
o.~ 
:) • 0 
0.() 
n. '.' 
O,C' 
0.0 
' -\.•• J 

o.o 
(). () 

o.: 
0. 0 



Appendix R - 14. Summary of orthopho5phorus (mg/1 :1.s P) J.at.a for the PPnsacola Ray system 
January throuqh September, 1974. 

---------------------------------------------- ----------------------------------------------
st a. D e·p • Ho. Mean Min. Ma X, CV:<'; Sta. Dep. No, Mean 11 in. Max. CV% 

--------------------------------------------- ------------------------------------------
ADGV ,\ 12 
ADGV E 12 
AGJI A 12 
AGJ I B 1 L 
AGJI- c. 12 
AGJI D 12 
AGJI E 12 
AGl?I! A 12 
AGPH E 12 
AJFD A 12 

.AJFD E 12 
ALEX .A 12 
ALEX E 12 
BFEI A 5 
BFF:I E 5 
DJIV A 12 
BJI V E 1 2 
BNGA A 12 
BNGA F.: 12 
BREA A 12 

A 
E 
A 

12 
12 
1 2 
1 2 

BREA .. E 
ECGM 
ECGM 
EEDR 
EEDR 
F.E r. M 
EEF.M 
EEIX 
EEIX 
P.EKV. 
EEKV 
EGLY 
EGLY 
EGLY 
EGLY 
EGLY 
EHGD 

12 
A 12 
E "'· 12 
A 1 2 

1 2 
12 
12 
12 
12 
1 2 
12 
1 2 
12 

E 
A 
E 
A 
B 
C 
D 
E 
A 

r,.-: 12 
C·.'J1~ 
(, • ,: 1 1 
(! • C:· 1 , 
c.r.1, 
,:· • (' 1 ~ 
,; • '.: 1 !l 
0. '2 1 1 
I~• 0 12 
r-. 011 
Q. c, 12 
(,J 1 ~ 
C.'J12 
0. 0 11 
'.). () 12 
c, J, 15 
C•,C13 
C·. 0 1 4 
e-,r1u 
0.:) 13 
C. ·J 1 ':> 
C', 027 
(. ':.27 
C,G2i:l 
C.1;32 
c,. }29 
r:.032 
';. i) 2 5 
Q.'".·27 
:.us 
c.c22 
C. '.i 21 
c.c2u 
C'.C23 
·:·. -~ 21 
C•.(21 
1::-.c:.:9 

~. '..· , .''\ 
·: • r 1 C· 
J .') 1(' 

,_\ • -~ 1 C 
/}.~,,~· 

-~ .(; E 
!) • ~ 1 r; 
0. C· 1,. 
:: . ~ F 
0.c1:; 
G. :J 1 tj 
G.01:-: 
,). ,.! 1 :: 

c)•. ·: 1 c· 
J. ,: , r_, 

0. ~· 1 {', 
C·.C1~ 
;;.(·1". 
'.:. 0 1 C 
1';. ('I. 1 /"', 
1~·. (; , r: 
,:, • ,:. , 5 
!) • ,·, 1 1 

,)J 13 
., • ') 1 5 
,: • C 1 ~ 
·~. '\ 14 
0.012 
(j.: 13 
0. J 1 ~ 
':. C 1" 

'; • r, 1 0 

J.~,~ 
0.~,12 
,JJ 12 

c,. :J 2 1 
C,042 
i), J26 
0. "2 ~ 
C.C-17 
(,01') 
·'.C•33 
!i. 0 1 5 
.,. "n 
c'.":. -; 1 5 
1 J 19 
r. r. 1 ') 
r, C 1Y 
I'.'; 1 J 
r. • ,:', H, 

,J. C 2 9 
C. ·" 2 1 
.... ~ 3 0 
,~ .• r. J 1 
c. 02f, 
r'"J. C· 3 9 
". ·" 5 2 
r .• r,51, 
r,,~52 
C. r. 12 
C·. GS J 

.(.-~A!) 

c.~56 .... 
'.'. r. c:,4 
~:. 117 
:: • I) 5] 
0. -:% 
':. C 5 6 
-: J c; 'I 

!) • ·':,4 7 
0.0!':4 

31,6 
6 3. 1 
41}.8 
41. 8 
1 9. 1 

u (). 9 
1 7. 8 
23.8 
1 4. 2 
22 • .13 ., ·) .. "., 

24.5 
12. 9 
23,6 
46.6 
21.c, 
09,2 
49,C" 
) 9 • r, 

5]. f, 

4 7, .1 
4''.l.2 
u 4. 3 
51, 8 
52.(-
59.4 
53.4 
45,6 

1 ".' 2. ·; 
51.3 
6;;,4 
51.6 
SS,6 
47.9 
52.2 
48.2 

EHGD 
E'H ?K 
EHPK 
EIIL 
EI IL 
Ell<:: 
EIKC 
r~KLQ 
EK LQ 
EKNP 
EK ::1 P 
EKl1 P 
EK !-1 I? 
EKl'IP 
~MQC 
EMQC 
F.N N [l 

n;Nl::i 
EN~P, 
P.N NB 
F.N Ni.i 
Ei"'LP 
F.PL p 
Et>ct F 
Et>RF 
'P.HPB 
F.K P i'l 
ERPB 
ER?B 
ER I? B 
ER10 
ER 10 
E'i'LQ 
E'?LQ 
ETO.E 
ETQE 

F: 
A 
E 
A 
E 
A 
E 
A 

A 
B 
C 
D 
E 
A 
E 
A 
B 
C 
D 

A 
E 
A 
E 
A 
8 
C 
D 

A 

A 
E 
A 
E 

12 
17 
12 
12 
12 
12 
11 
12 
12 
12 
1 2 
12 
12 
1 2 
17. 
1 2 
12 
1 1 
1 2 
1 2 
12 
1 2 
12 
12 
1 2 
12 
12 
12 
1 2 
12 
1 2 
1 2 
1 2 
12 
12 
12 

('. r:·2 q 
~-. t',22 
t:. C2 u 
C • 0 2 1 

-~·. -~2 2 
·:. ~:2 3 
0. : 2 1 
r;. :)2 C 
r. n, 
'.) • ,-, 2 1 
(. 1'1fi 
r,019 

r. • ~2 :: 
C1 • ,; 1 6 
( .• ·) 1 g 
: • :2 2 
c.r2c 
r • }17 
;~-. (: 1 7 
(,. :) 1 2 
::, • :: 1 2 
(:. 0 1 4 
C-.014 
: • C, 1 2 
G. 01 1 
C.C·14 
I;·. 0 3 4 
C'. 03 4 
r .,:11 
, ·• 01 8 
r- • C 1 1 
C:. 011 

0. C'· 1 iJ 
o.01'l 
IJ. 0 10 
·).:711 
0. C 11 
0.012 
'). C' 1 /) 
C.010 
;'1. '.) 10 
').01') 

C· ,r H· 
().:; 1 (' 
0. 0 10 
0. C 1 0 
J.~10 
0. C 1 0 
,i. n 1 ·~ 
').("• 10 
0,C10 
0 .013 
::i.010 
!'\ ,r, 1n 
'.'l. 0 10 
;.01'.' 
O.Ct1G 
; .C·1'l 
r:.c,o 
0.010 
rJ.,J10 

'".C18 
0.(:17 
'J. o i a 
0.c10 
!) • ';, ~ 

0.01 ·: 

l:.GBO 
(). '.)49 
.'.). ,') 45 
.~. '.)5 7 
'.'l. ,)4 2 
0,1)47 
G.042 
0.053 
0, 0 41 
.J. 04 7 
!'\. 0 50 
0.042 
G.042 
0. 04 7 
l;.1130 
'.:. 0 3C 
0. ·'i4 1 
0,139 
0,1)47 

/ '.), 035 
1.032 
J,037 
0. :137 
() .024 
0.016 
0.032 
(',. 037 
o.n2 
0.016 
0. I} 21 
0. 0."i4 
C.'159 
0.022 
0. ')42 
0.'115 
,}.')17 

66.7 
49,5 
4 3. 1 
57,3 
44, 1 
58. 6 
38J• 
70.3 
43.3 
58.0 
60.2 
56 • .1 
48. 4 
49,9 
39,8 
41. 5 
47.7 
55.6 
6 1. 9. 
H, 6 
3 9. 1 
44.9 
52. 3 
36. 1 
21 • 6 
45.4 
55.4 
30.4 
18. 2 
3 2. 1 
34.2 
40.2 
31. 5 
63.9 
15. 1 
22.9 

--------------------------------------- ---------------------------------



Appendix 3 - 15. Datd uase for calculation of initial PIH values. 

----. ----------------------------------------------------------------------------------------------------
J:escription Date Agency Code Station Numbers P.ew:1 rks 

---------- ----------------------------------------------------------------------------------------------
All data collected by the 1973 to 1974 

Escambia Bay Recovery Study 

Univ. of West Fln.. Sea Grant 19 7 3 
data for Escambia and East Bays 

Univ. of West Fla. Sea Grant data 
for Pensacola BAY 

tata from FWPCA Study of 
Escambia Bay 

Data fro~ USEPA study of 
Perdiio Bay 

Data trom USEPA study of 
Mississippi Gulf coast 

Data from USEPA study of 
Escambia River 

1974 

1969 

19 7 2 

1972 

1971 

1113T070 

1113T07C 

1113S00) 

12)0')0 - 120490 

12)500 - 120900 

P01 - P15 

EC•1 - E'i.7 

:)170:)0 - 017012 
640075 - 640111 

WQ-:• 1 - WQ-05 
iQ-2J,WQ-21,WQ-55,Wy-56 

.51 - R14 

Primary station number 

Primary station number 

Unpublished data 
(not in S'.I"OEiET) 

Not in STOFEr after 
USDI, 1970 

After USEPA, 1972 

Unpublished data 

Unpublish€d data 



Appendix 8 - 16. Summary of dissolved oxygen (lllq/1) dat:1 for the Pensacola Bay system.during 
Jdnuary througli September, 1974 (?ensacola Bay data from the University of West Florid:!). 

------------------------- -------------
Sta. Oep. No. !lean 11in~ !lax. cv,r, Sta, Oep, No, !lean llin, !lax. ::vs 
-------------------------------------- ------ -------------------------
ADGV A 12 7.9 b,2 9,6 111,11 ENNB D 11 11, 2 '), 0 9,5 57,0 
ADGV E 12 5,2 2,11 9.1) 113.9 ENNB E 12 11,) 0.6 8,7 511,3 
AGJI A 12 a. 1 6,2 lC, 1 13,9 CPLP A 12 8,3 6, 3 9.3 10.9 
AGJI B 12 0.0 5,7 10. 1 15,5 EPLP E 12 6, 1 1, 5 9.5 !16,7 
AGjI C 12 8,0 6.0 10, 5 11. 8 EPHl' A 12 8. 11 7,2 1 0, 1 12,0 
AGJI D 12 7.9 6.1 9.7 111.0 EPRP E 12 6,2 1. 0 9.5 !I 11. 1 
AGJI E 11 11, 7 1.0 9.8 56,1 EaPll A 12 0. 1 6.7 9.1 12. 2 
AGPH A 12 1.0 5,7 10. 0 16.6 ERPB B 12 8,0 6. 2 9.11 13,0 
AGPH E 12 5.3 2. 1 9.9 110. 3 ERPB C 12 7,4 3, 8 9.7 211.3 
AJl'O A 12 8,0 6.8 9,7 12.5 ERPB D 12 6,3 3.9 10.0 Jb,9 
AJPt E 12 5.11 3.3 9.6 32.2 l::iiPB E 12 II, 3 1. 5 9.2 116, 9 
ALEX A 12 8. 1 7,0 10, 0 11,9 ER10 !\ 11 6,9 5, II 9,2 15.7 
ALEX E 12 11;4 ,;. 7 6.7 33. 5 ER 1 •) :; 12 6.9 5.2 13.8 16, 4 
EFEI A 5 5.9 4,9 6.5 10.5 ETLQ A 11 8, 2 7.0 9.9 1 1. 6 
lll'EI E II 2,2 C'.O 4,7 89.9 ETLQ E 12 J,4 1. 1 5.3 35.5 
EJI V A 12 7.5 4,5 9. 1 16.1 ETQE A 12 II, 3 7,0 10,8 13,8 
EJIV E 11 5,5 11. C 8,7 2d.B ETQE il 12 7.0 3, B 9.9 24.8 
ENGi\ A 12 7.5 II• 5 9 • 1 10. 1 PSUE A 9 9.0 a. 1 11. 1 10.B 
ENGA E 11 5,7 2,9 9, II 36.3 PEUE E 9 6,5 3.5 10. 7 33.9 
E!IEA A 12 7,5 5,0 B.9 15,8 POI A 12 6, 7 2, 1 10,7 110. II 
!:REA E 11 II, 9 2.0 a. II 37,9 p,) 1 E 12 6,8 2. 1 1 o. 8 38.9 
ECGII A 12 6.8 4,7 9.3 22.6 pQ2 A 12 7,6 2.2 11. 8 37,2 
ECGM E 12 5.2 0.6 9 • 1 56,7 P02 E 12 6,0 2,2 9 ,II 38.2 
HOR A 12 6,9 5,!i 9.0 17,4 p')J A 12 7, 1 2,4 12,6 111. Q 

·EECR E 12 6. 1 0.2 9,2 115,1 p,J3 E 12 5.9 2.3 11 , 3 111. 2 
EEEM A 12 7, 1 5,3 9 • 1 19,4 P011 A 12 7. 1 2.2 12.1 II 1. 6 

·EEEM E 12 6. a 0.11 9.3 117. 2 POii E 12 5. 5 2.0 9.3 112. 2 
EEH A 12 7. 1 5. 1 9,2 17, 8 P15 A 12 7, 2 2,3 12, 7 110.9 
EEIX C: 12 7,0 5.2 9.2 17,8 POS B 12 6. 7 2.s 10.5 (j ,. 5 
EEKV A 12 8.t' 5,a 9. 1 11.5 P'JS C 12 5,9 2,4 a.a 110. 1 
EEKV E 12 5.7 o.s 8,9 47,7 P% D 12 5,11 2.1 8.1 1111. 5 
EGLY A 12 7.9 5. Ii ·9, 1 12,7 p(,5 E 12 s. 2 2.11 8. 1 H,7 
EGLY B 10 8.2 6.7 9.8 1 C, II P;)6 A 12 7.3 2. II 12.8 111.7 
EGLY C 12 7, 6 5,6 9. 1 13.2 P06 E 12 11. 9 2. 1 7. 1 35. 2 
EGLY D 1:.1 6.2 J,3 ':l. 0 33,7 p,)7 A 12 7. 1 2,J 11. 0 111. 9 
EGL Y E 11 4.3 2. 1 8,9 56.7 pJ7 E 12 4.0 1. 7 6.1 lj!),5 
EHGD A 12 6. B 5,3 3,3 20.5 e:•a A 12 7. 1 2,3 11 • 6 II 1, 1 
EHGO E 1 1 11."6 o.o 9,3 71, 8 p·)B E 12 5,0 2,0 7,8 37. 11 
EHPK A 12 7.9 5,8 10. 0 12. 6 p,)9 A 12 7.2 2,0 12. 1 112,6 
EhP!\ E 12 b,9 3. ii 10. 1 27.0 P09 E 12 6, 2 1. a 9.7 110,11 
EllL A 11 7,5 11. 8 9. 1 17. 5 P10 A 12 7, J 1. 8 11, 9 112. 2 
EIIL J:; 12 b, 1 2.2 9,2 112. 9 Pl'.> E 12 II, 7 1. 7 7.0 38.8 
EIKC A 11 7. 3 11,8 a.9 17.9 P11 A 12 7, 1 1, 9 11. II 112.9 
EIKC E 1 2 II. 7 o.c 8,5 51, 9 Pl 1 E 12· 3. 7 1, 4 5.3 110. 3 
EKLQ A 12 . 7 •. 9 11,9 9,2 13,8 P12 A 12 7,0 1,9 10.3 39,9 
EKLQ E 11 5,6 C,6 9.3 52,9 P12 E 12 3. 5 1, 3 5.3 !11.0 
EKl'\P A 12 11, 1 5.11 9,6 111, 4 ?13 A 12 7.0 1, 9 1 1 • 5 113. 2 
EKIIP B ·12 a., 4,8 9,5 15. 1 pl) B 12 7,0 1. 8 11. 2 114.5 
EKHF c 12 5.g 2.3 9, 6· 112, 7 P13 C 12 6,6 1, 8 11.2 113. 7 
l:KIIP D 1, 11. 4 o.o- 9. 1 60, 1 P13 D 12 5. 1 1, 2 S.4 4 7. 6 
EKPIP E n 3.9 0. 11 7.9 62.11 P13 E 12 3.5 1. 5 5.1 36.3 
EM\IC A 12 8~0 5.9 'I, 6 13,8 Plll A 12 1.0 1, 7 11 , 6 115. 1 
EMOC E 12 5.7 2.5 9, I)' 311. 0 Plll E 12 · 11. 1 1. 5 6.11 Ii 1. lj 
ENNB A 12 8.2 5,3 9,3 12.7 P15 !\ i2 7.3 J: H 1J:1 ~i:~ 1::NIHI B 12 8,2 4,9 9. 2 · I Ii, J P15 ;:; 12 3,8 
EllNB C 12 . 6, 1 1 • 5 9 • 4 111, 3 
E/INc D 11 4.2 o.o 9,5 6 7 .() 

-------------------------------------------- ----------------------------------------------
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Appendix a - 17. Summai:y of dissolved oxygen p~i:~~n~. satu~ation._ (I) data foi: the Pensacola B~y 
system dui:iny January throuyh Septembei:, 1 Y74 (Pen~ac~la Day data ti:om the University of west Floi:ida). . . 

------------------------------------------ ------------------------------
Sta. Oep. No. !lean !'1in. llax. CV% Sta. Dep. No, Mean ~in, Max. CV% 

------------------------------------------ ---------------------------------------------
AOGV A 12 95. 3 BC'. 1 106.7 7.8 ENNB [) 11 53. 1 J. 0 10 3. 1 54.4 
AOGV E 12 6 7. 1 3-).3 106.5 38. 4 ENNB !:: 12 5:). 1 9. 2 96. 1 4 2. 3 
AGJI A 12 101.9 9 1. 7 124. 2 7.9 EPLP A 12 10 3. 1 d4.7 11 8. 0 9.7 
AGJI B 12 100. 1 84. 3 114.C 8.:.! F.PLP z 12 74.7 22.7 108. 9 )il. 1 
AGJI C 12 100.9 68.8 115.4 8.6 EPi!F A 12 1(14. 8 9 4. 9 123. 7 7.3 
AGJI D 12 102. 1 6 7. 8 129. 7 14.3 EPRP E 12 78.3 1 s. 1 121. 6 38.8 
AGJI E 11 63.0 15. 1 105.2 52.0 EilPB A 12 10 0. 7 8 4. 2 111 • 9 8. 0 
AGPH A 12 96. 9 80.9 106. 3 6.6 EaPB B 12 99.5 85, 2 11 '). 5 9.2 
AGPH E 12 68.7 26. B 99. 2 36.3 ERPD C 12 9 3. 6 52. 6 118.9 19. 2 
AJFD A 12 100.9 89.7 112.2 5.8 ERPS D 12 82. 2 51!. 0 11! 3. 7 30.3 
AJFD E 12 71. 1 4 1. 8 10 3. 7 25.3 ERPB E 12 57.4 2 1. 9 94.4 40.7 
ALEX A 12 102.9 9 6 • 1 115.5 5.2 E R10 A 11 78. 1 6 7. 8 85.8 7.5 
ALEX E 12 60.5 10.6 10 3. 2 37.2 ER10 £ 12 77. 3 6 1. 1 87.2 9. 3 
EFEI A 5 74 • 3 sa. 1 81.3 12.6 ETLQ A 11 10 3. 1 93.0 110.2 6. 1 
EFEI E 4 211. 7 o.o ,. 55. 9 83.1 ETLQ .E 12 47.2 17. 0 71. 8 311. 1 
EJI V A 12 87.3 54.3 108. 7 16.6 ETQE A 12 10 3. b 9 3. 0 109.5 4. 4 
EJIV E 11 67.4 43.3 91.2 20.4 ETQE E 12 90.3 4 4. 5 119 .9 21.4 
ENGA A 12 87. 2 54.7 108. 3 14. 8 PEUE A 9 120.3 10 4. 6 131. 2 6.6 
ENGA E 11 70.9 3 3. 1 98.5 29.2 PEUE E 9 85. 5 4 d. 8 124.B 25.1 
BREA A 12 89.6 62.4 108.2 12.2 P01 A 12 86.9 3 2. 0 123 .9 31. 5 
EBEA E 11 65.C 27.5 90.8 33.8 POI E 12 93.8 31. 4 16 9 .6 39.0 
ECG!! A 12 76. J 55.S 96.2 14. 1 P02 A 12 94.9 32.0 134 .9 31.7 
ECGII E 12 57 .11 8.6 90.0 119. 3 P02 E 12 83. 2 3 3. 2 130.8 311,9 
EEDR A 12 77.3 63.5 85.9 1.1 P03 A 12 90,3 34. 6 147.9 32.9 
EFDR E 12 66,8 3.0 as. a 40.2 P03 E 12 78.3 35. 9 126.3 32,0 
EEEII A 12 79.3 62. 5 101. 2 12.3 · P04 A 12 89. 1 32.5 142.9 33,0 
HEIi E 12 65.9 5.9 86. 7 . 42.7 P04 E 12 7 2. 1 2 9. 7 97.6 3 2. 6 
EEIX A 12 81.3 6 2. 0 103.0 13.4 POS A 12 90. 1 32.2 14 9. 1 33. 4 
EEIX E 12 81. 6 6 3. 2 101. 3 13.0 POS B 12 8 5. 4 3 B. 3 124.0 33. 7 
EEKV A 12 95.3 72,8 123.5 17.9 PJ5 C 12 78.8 3 7. 1 113 .5 33. 1 
EEKV E 12 68.6 10.8 109. 5 44,8 ?05 D 12 73. 9 31.9 109.8 39. !J 
EGLY A 12 96.1 6 7. 5 12 3. 5 16.9 P05 E 12 70.9 3 5. 6 101. 7 34.0 
EGLY B 10 99.0 0·3. 2 123.3 14.2 P06 A 12 89.9 33. 4 146.2 33. 7 
EGLY C 12 92. 9 6 8 .3 108,0 11, 8 P06 E 12 67. 1 31. 9 96.7 31. 2 
EGLY D 12 76. 1 4 0 .• 4 107.8 2 7. 6 P07 A 12 87. 1 32. 1 12 9. 1 33.8 
EGLY E 11 52.4 31.0 95.7 42.2 PIJ7 C: 12 53.'1 26.9 85.1 34.9 
EBGD A 12 77. 7 62.5 87.7 9,8 P08 A 12 87.7 31.9 13 2.8 3.l, 2 
EBGD E 11 46.7 o.o 86.2 58.2 P08 E 12 69. 1 2 9. 4 97.9 32. 4 
EHPK A 12 98.2 76.7 112.9 12.2 P09 A 12 88. 1 28. 7 137.7 34.3 
ERPK E 12 85.6 46. 7 109. 4 23.2 P09 E 12 ao.5 27. 2 118 .9 33.3 
EIIL A 1 1 87.8 57. 5 99.6 13.6 PlO A 12 89. 1 25. 7 136.6 35.0 
EIIL E 12 12.0 32. 9 111. 3 38.3 PlO E 12 64.4 2 5. 8 97.2 34,5 
UKC A 1 1 85.o 58. 0 107.9 16.4 Pll A 12 86.B 2 7. 0 128.7 33.9 
HKC E 12 57.5 o.o 00.5 48.0 Pl 1 E 12 50.4 2 1. 7 71.9 36.7 
EKLQ A 12 94. 7 63.8 107. 3 13.4 P12 A 12 85,2 2 3. 3 114.6 32,8 
EKLQ E 1 1 65.6 9.0 105.5 50.0 P12 E 12 47.8 2 o. 9 71. 4 38.2 
EK!IP A 12 98.1 66.8 126.4 18.0 P13 A 12 BS, 9 2 5. 7 130.6 34.2 
EK!IP B 12 97. 1 59.5 117. 8 17, 1 P13 B 12 86.0 25. 7 126.2 35.B 
EKIIP C 12 73.4 34.4 133.9 38.2 P13 C 12 82. 6 2 5. 8 115,0 33. 1 
EKIIP D 12 54.5 o.o 89.2 49.7 P13 D 12 65, 8 _1 0. 5 93.9 39.6 
£Kap E 11 47.5 1).0 83.5 50.6 P13 E 12 47.8 21.9 71.4 34. 1 
EMQC A 12 100.6 77.4 115.1 10.7 P14 A 12 86.2 24. 3 134.7 36.4 
EMOC E 12 73.4 35.9 110. a 31.6 P14 E J2 55. 6 2 3. 9 · 90.0 38.8 
ENNS A 12 101.9 6 8.4 119. 4 14.8 P15 A H g3:1 H:~ 1H:~ ~ta ENNS B 12 100,6 61.6 118.9 16.3 P15 E 
ENNS C 12 76.7 22.0 113. 8 36.9 

-------------------------. ------ .. ---- -- - ----. - . -- .---- - - -
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Appendix 6 - 19. Ulti~ate biochemical oxygen demand data for Station Ei10 surfa:e and bottom by date. 

DATE 

1/23/74 

2/12/74 

3/C5/74 

3/27/74 

4/16/74 

5/07/74 

5/29/74 

6/Hl/7li 

7 /09 /7 4 

7/30/74 

B/20/7 4 

9/11/74 

averaqe 

ER1f - S 

Lu Le Ln tn kc kn 
(mq/1) (mc;/1) (mg/1) (days) (day-1) (day-1) 

5,9 

<;, 7 

4,2 

4,9 

3.8 

3. 3 

3,9 

3,3 

3. 1 

3,2 

1C.9 

5,6 

4,3 

3,7 

1. 3 

3. 1 

1. C 

2," 

2.1 

2." 
3. 1 

0.8 

D,9 

l, 1 

1. 6 

2.: 
, • 8 

3.6 

C·, 7 

2.3 

1,5 

1.2. 5 

C•,9 

2,4 

2.9 

10,4 

28,7 

19,9 

7. 1 

36.5 

8. ,J . 

17, 1 

27,1 

27.e: 

18,5 

24,0 

O,C97 

0.056 

0.757 

C.06() 

0,300 

o. 32li 

o. 101) 

o. ';51 

1. 89:l 

"· ('15 

~- 310 

~. 117 

t:·. ~ 34 

J.)37 

0.389 

0,040 

C. 123 

O,OCli 

0. 0 35 

C. GBB 

ER10 - B 

Lu Le Ln tn kc kn 
(mg/1) (m]/l) (m~/1) (days) (:lay-1 ) (day-1) 

5. 1 

7. 1 

4, 2 

5, 7 

16. 1 

3.8 

4. 1 

7.7 

), ) I 

2, 7 

3,8 

. 7. 0 

5.9 

3.5 

2.3 

2.6 

1. 4 

2.2 

2.9 

2.7 

2. 6 

3.3 

2. 7 

1,0 

4,7 

2.7 

1.6 

4,8 

1. 6 

4, 3 

13.9 

0.9 

1.4 

5, 1 

2.8 

2.3 

3,9 

29. 1 

20.5 

19,0 

6,6 

15.0 

Ii), 2 

18.4 

29.0 

14, 7 

2li,O 

22. 0 

1),093 

0, 1')89 

0,044 

J,715 

0.122 

0,050 

) , 19 5 

0.090 

0.028 

0,038 

2,250 

, • Oli2 

J, 313 

~.C89 

0,017 

C,017 

0,029 

0,1)04 

0.082 

o.c 13 

O,C5C 

0.022 

-------------------------------------------------------

Appendix 8 - 19 (cont), Oltimat~ biochemical oxygen demand data for Stati~n 2GLY surface and bottom by date. 

~GLY - S 

Date Lu Le Ln tn kc kn 
(lllq/1) (mg/1) (mg/1) (days) (day-1) (day-1) 

------------------
l/23/74 

2/12/74 

3/05/74 

3/27/H 

4/16/74 

5/07/74 

5/29/74 

6/18/74 

7/09/74 

7/30/74 

8/2J/74 

9/11/74 

average 

5,8. 
! 

,, ,9 

9.8 

5.9 

5.5 

5.5 

8,5 

8,8 

9.7 

8,7 

S.5 

1(),9 

8. (, 

2,0 

1, 7 

7.2 

1.5 

5.2 

2,5 

5,4 

5,5 

9.3 

b.B 

2.2 

3,8 

4,4 

3,8 

1~.2 

2.6 

4,4 

~.3 

3,0 

3, 1 

3,3 

1.9 

3. 3 

7. 1 

3,6 

16,0 

10.0 

34, 3 

9, 2 

36.9 

14,2 

17,6 

26, C 

27. ~ 

38.5 

18, C 

24, 5 

22,6 

o._ 10.1 

ry, 4 57 

0,056 

!).501 

0.047 

o. 17() 

,,, 205 

o. 120 

(1,047 

0. 117 

0,707 

0,085 

0.225 

0,019 

,.009 

),001 

0 .o 39 

0.439 

0.112 

G,J5C 

0. 141 

0.024 

o. 115 

14-53 

EGLY - B 

-----------------------------
Lu Le LD tn kc kn 

(my/1) (mg/1) (mg/1) (days) (day-1 1 (day-1) 

23,6 

7, I'.:· 

a. o 

4. 5 

4,2 

6. 7 

b, 3 

8,9 

7. 4 

8,4 

8, 3 

44, 7 

11), 1 

3. 2 

7,3 

1.2 

3.5 

2.5 

4,4 

5.9 

4,4 

3.4 

3.6 

44,7 

11,S , 7.9 

13, 5 

3,8 

0,7 

3.3 

C.7 

4.2 

1,9 

3,0 

5.0 

4. 7 

4,0 

32, 2 

16, 7 

31. 0 

9. 2 

15.0 

12. 0 

17.B 

25. 6 

24. 1 

25.0 

15.B 

20,4 

o. 101 

o. 158 

0,035 

o. 3Q5 

0.0~6 

o. 150 

0,16] 

o. 11 !) 

o. 11 J 

o. 103 

0.225 

o. 006 

o. 130 

o. 062 

0,(149 

o. 069 

0,056 

o. 136 

0,040 

o. 164 

0,069 

"· 09(' 

(.1,033 

(I. 091 

O,C7B 



Apoendix a_ 19 (cont), Ultimate biochemical oxygen demand data for Station EKMP surface and bottom hy date. 

------------------------------ --------

------------------------------------
!late Lu tc Ln tn k C kn 

(1119/l) (mg/1) (mq/1) (days) (day-1 ) (day-l) 
Lu Le Ln tn kc kn 

(mg/1) (mg/I) (mg/1) (days) (day-1) (day-1) 

---------------------------------------------------------------------------------------------
1/2 3/7 U 

2/12/7U 

3/05/74 

3/27/74 

4/16/74 

5/07/74 

5/29/74 

6/18/74 

7/C9/74 

7/30/74 

8/20/JU 

9/11/74 

av er aq e 

e.u 

6,2 

6.7 

51, 7 

5,3 

5,6 

B,t 

4,U 

a.a 

5. 1 

5,6 

11. 1 

2.5 

2,6 

3.2 

1.5 

4.8 

3,7 

5.3 

3.4 

4,9 

1.7 

3,U 

3,3 

2,5 

5,8 

-~• n 

5. 2 

0.s 

2,7 

1. ~ 

3.9 

3,4 

2.2 

6,8 

27,1 

2C,0 

9. il 

21.~ 

38,1 

18. 3 

26,9 

26. 5 

29,3 

16,9 

1(·, 1 

23. 7 

·:. 163 

~- 181 

o. 081 

0. 28~ 

,.,_ :se 

';.0SC 

,. 241 

o. 100 

0,098 

1.122 

0.630 

0,070 

o. 173 

0,048 

) • 0 16 

'.), 0 15 

r,. O 23 

J.001 

0. 150 

o. 184 

o. 0<!2 

0.268 

o.~49 

0.057 

0.071 

0,081 

6, 1 

5. 8 

3.9 

3.7 

15,7 

6. U 

8,7 

6,C 

6,U 

22.3 

6,5 

2. 6 

2. 3 

5,8 

1. u 

2.3 

u.u 

4.5 

5.6 

4. 5 

1.6 

19.7 

5,0 

1, 4 

3,8 

2.'5 

1.4 

11. 3 

1,9 

3. 1 

1. 5 

4;8 

2.6 

3, 1 

3(1, 1 

19. 2 

1G, 0 

15.0 

34,9 

18, 2 

20.0 

38. 6 

15, 3 

20. 6 

2C,1 

c. 154 

(', 201 

1),026 

I), 228 

o. 102 

~. na 
I), , , 0 

0,040 

0,576 

0,006 

o. 158 

0,1% 

0. 03J 

"· 067 

0.061 

O.OC,2 

(I.,~ 1 

I). 058 

(I, 261 

r.. (-SB 

o. 143 

n.(189 

Appendix 8 - 19 (cont.). Ultimate biochemical oxygen demand data for Stati:,n ENNB surface and bot.tom by date. 

ENNO - S ENN B - B 

-------------------
Date Lu Le T.n tn kc kn Lu Le Ln tn kc kn 

(cq/1)' (mg/1) (mq/1) (days) (dar11 (day 01) (mg/1) (mg/1) (mg/1) (days) (daj-1) (nay-1) 

--------------------------------------------------------------------------------------
1/23/74 

2/12/74 

3/C5/74 

3/27/74 

4/16/74 

5/07/74 

5/29 /7 4 

6/18/74 

7/09/74 

7/30/74 

8/20/74 

9/11/74 

average 

5,6 

4,2 

17.3 

16, 1 

5,3 

6,5 

6,1 

8.4 

6,4 

44,6 

12. 1 

4, 1 

2. 1 

4.5 

2.9 

16. 1 

5.2 

3,6 

4,2 

6.8 

2,3 

3,3 

5,0 

1. 5 

2., 
7,9 

14, 4 

0.1 

2,9 

1.9 

,. 6 

4, , 

41,2 

7., 

JQ, 5 

19, 1 

20.IJ 

21. 7 

44,9 

16, 2 

26. 5 

27.IJ 

1 s. 4 

23. 1 

24,U 

o. 117 

0, 134 

0.064 

o. 142 

~.008 

0,050 

0,237 

o. 120 

0,IJ38 

0.514 

o. 071) 

o. 147 

,. 135 

0,040 

0,003 

0.01)3 

0, 110 

J,061 

J, 142 

0.113 

Q.052 

0.002 

0,072 

9. 5 

1 ,. 7 

5.3 

4.0 

4, 6 

s. 3 

7. 3 

7. 1 

4. 4 

7.8 

7.3 

7. 3 

6. 7 

2.8 

1,9 

5.3 

1. 5 

4,9 

4, 1 

5,5 

3.5 

6.6 

7.3 

, • 2 

4. 1 

6.7 

9,8 

2.5 

3,2 

,. 6 

0.9 

, • 2 

6. 1 

3. 5 

18, 7 

16, 8 

32. 9 

35. 6 

17. 0 

13. 6 

22. 2 

o. 2or 

0.2% 

0.021 

o. 287 

0,043 

0.060 

o. 197 

o. 080 

0,06S 

0.0H 

0.031 

o.116 

o. 118 

o, 10n 

r.. 073 

O,C58 

0. C 3C 

0,055 

- ----------------------------------------------------------------------------------
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Appendix A - 19 (cont). Ill Hrna t.e biochemical oxygen demand data for station ERPB surface and bottom by date. 

---------------------------------------------------------------------------------------
ERPB - s ERPB - B 

----------------------------------------- --------------------------------------
Date Lu Le Ln tn kc kn Lu Le Ln tn kc kn 

(mg/1) (mg/1) (mq/1) (days) (day-i) (day-1) (mg/1) (mg/1) (mg/1) (days) (day - 1) (day-1) 

--------------------------------------------------------------------------------------------
1/23/7Q 5.2 3.8 1. Q 28.8 o. 122 0.095 

2/12/H 6.7 1. 9 4.8 11.3 0.315 ).032 6,2 1.6 11.6 20. 5 c. 173 0.015 

3/0S/7Q 5.1 Q.2 0,9 113, Ii 0.068 0. 257 Q.,8 11.8 0.033 

3/27 /74 3.5 2.7 0.8 311, 8 o.o 10 o._Q30 5.0 2.0 3,0 25,7 0,065 !) , C 18 

11/16/Jli 9_,8 9,8 0,017 3. 9 2,4 1.5 18,9 0,099 o·. ins 

5/07/711 6.3 2,3 .4, 0 10,0 0.210 0.032 4, 2 
"· 2 

O.t"UO 

5/29/711 5.9 Q.(\ 1.9 27.4 0.283 o .• 166 6.0 11.4 1.6 18. 4 O. UQ 0.161 

6/18/711 9.11 Q.Q 5.0 30.3 ('. 120 ~.037 6,0 3,4 2.6 27. 1 o. 130 0,086 

7/09/74 4,5 3,2 1. 3 27, 0 1,079 0, 156 35, 1 3.3 31, 8 25,4 0.064 C,003 

7/30/7Q .16 .5 7,2 9,3 13, 0 ~.022 13, 0 11,0 0,008 

8/20/JQ 5,2 2,] 2,9 1A,O o. 361 0. 0 95 5,0 1.4 3,6 11, 3 0,241 1),066 

9/11/711 5. 1 2,5 2,6 19,2 o. 131 0,065 6.Q 6.4 o. 028 

averaqe 4,4 Q.O 3. 2 23, 9 o, 153 0, 137 8, 5 4,3 7,0 21. 9 0.100 0,065 

---------~-------------------------------------------------------------------------

Appendix 8 - 19 (cont), Ultimate biochemical oxygen rlemand data for Station A:;JI surface and bottom by date, 

------------------------- ---------------------------------------
AGJI - s AGJI - B 

-------- ----------------- -------------
Date Lu Le- Ln tn kc kn Lu Le Ln tn kc kn 

(mq/11 (mg/11 (mg/11 (daysl (da y-l I (iay-11 (mg/11 (mg/11 (mg/11 (days) (da y-l I (da y-l I 
----------- ----------------------------------------------------------
1/23/74 3.3 2,3 1, 0 4(),0 '), 191 0,317 7. (\ 3,0 4,0 21, 5 0. 1!1R 0,021 

2/12/74 5,6 1,6 4,0 21. 2 o. 130 o. 020 3,6 2,3 1,3 34, 1 0.059 0.084 

3/05/74 3.8 2, 1 1, 7 19.0 0, 127 ,'.). 065 3,8 1 ,9 1, 9 28,3 0,093 0,234 

3/27/74 4,7 3,3 1. 4 34,1 o. 118 o. 120 3, l 2.5 0.0 34,5 0,079 0,293 

Q/16/74 4.6 4.6 o.~39 6. 9 6.9 0.029 

5/07/74 9.6 4,6 5,0 33, 7 0,060 '.), 004 3,7 3.7 o. 050 

5/29/74 4,3 2,6 1, 7 27, 1 0.278 J, 116 

6/18/74 4.3 3,1 1, 2 29, 0 0, 140 O.C93 5.6 J. 7 1, 9 28,3 0, 110 o. 113 

7/09/74 4,C 2,8 1,2 27,0 ~- ')58 0, 128 19, 3 2,6 16.7 23.7 0,064 0,003 

7/30/711 5,5 4,6 0.9 37, 1 0, OJ2 0, 109 19, 8 19,8 0,007 

8/20/74 7 .4 2,3 5, 1 13, 5 o. 329 '.), 019 6,6 1. 9 4. 7 17.8 0,253 0.086 

9/11/74 5,3 2,8 2. 5 27,8 o.141 0.044 3,3 2,0 1, 3 29. 8 0.098 o. 112 

averaqe 5,4 3, 1 2,3 28,2 o. 147 0,086 ·?. 5 4.6 4. 1 27, 2 0,093 0, 119 

------------------------------------------- ------------------
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Appendi• 8 - 19 (cont)• 
Ultimate bioch~mical oxygen demand data for Station RPEI surface and bottom by nate, 

----------------
B!'El - S BPEI - B 

-------------------------------------- ---------------------------------
Date 

Lu Le Ln tn kc kn 
(mq/1) (mg/1) (mg/1) (days) (day-1 ) (day-1) 

Lu Le Ln tn kc kn 
(mg/1) (mg/1) (mg/1) (days) (day-1) (day-1) 

--------------------------- ---------------
~ 

1/23/74 

2/12/7 4 

3/05/74 

3/27/H 

4/16/7Q 

5/07 /74 

5/29/74 

6/18/74 3.4 2.4 1.0 29.1) o. O0c ~ • 424 

7/09/74 2,4 1,9 0,5 27.'l O, C62 o. 940 6, 9 2.6 4.3 26.1 0.083 0.023 

7 /30/7 4 

8/20/74 3.8 1. 1 2,7 22.0 0,215 0 ,022 u. 3 1.1 3.2 18. 4 o. 189 0,1)9J 

9/11/74 8.~ 7.2 0,8 44. 5 0.0:.7 0.054 6.3 Q,9 1,4 29. 8 o. 048 1),070 

average 4, 7 3,4 1. 3 31. 2 ?, 1 C1 0. 338 6.5 2.8 2.5 25,8 o. 082 n. 152 

---------------------------------------------------------------------------------------

Appendix 8 - 19 (cont); Ultimate biochemical osygen demand data for Stati~n PEUE surface and bottom by date. 

PEU E - S PEDE - B 

---------------------------------
Date Lu Le Ln tn kc kn 

(mq/1) (mg/1) (mq/1) (days). (day-1) (day-1) 
Lu Le LD tn . kc kn 

(mg/1) (mg/1) (mg/1) (days) (day-1 I (day-1 J 

---------------------------------------------------------------------------------
1/23/74 

2/12/74 

3/C5/H 

3/27/74 

4/16/74 

5/07 /74 

5/29/74 

6/18/74 

7/09/74 

7 /30/74 

8/20/74 

9/ 11/74 

av eraqe 

9.7 

9.3 

11.1 

9,8 

10,4 

10. 1 

7.4 

6.5 

11. 1 

6.5 

5.4 

7,4 

2.3 32.3 o. 106 J, 141 

2.8 25.8 0,094 r, .079 

(1,044 

3,3 21. 8 o. 084 0.052 

5.0 24,6 o. 104 0,099 

3,4 26.1 0, 086 0,093 

-------------·-----------------------

14-56 

--

a. J 6,0 2,3 26, 2 o. 090 O,C54 

8,5 7.8 0,7 27. 0 0,1)37 3,70~ 

5,5 Q. 1 1.4 37.Q o;oss o. 155 

11. 2. 6.0 5,2 20. 0 o. 111 O.C6J 

7.2 3,0 Q,2 14. 3 o. 1Q6 Q,049 

8,2 5,4 2.8 2s., 0,087 0.804 

-------------

l~ 
I;; 



Appendix 8 - 20, Su111111ary of turbidity (JTrJ) data for the Pensacold Bay system 
January through September, 1974, 

Sta. Dep. No. llean Min, !'lax, CV'< Sta. Dep. No. Mean llin, llax. en 
------------------------------

ADGV A 
ADGV E 
AGJI · A 

· AGJI s· 
AGJI C 
AGJI D 
AGJI E 
AGPH A 
AGPH E 
AJP'D A 
AJP'D E 
ALEX A 
ALEX E 
BPEI A 
BFEI E 
BJIV A 
BJIV E 
BNGA A 
BNGA E 
BREA A 
SBEA E 
ECGII A 
P.CGII E 
EEDR A 
EEDR .E 
EEEII A· 
BEEM · E 
EEIX A 
EEIX E 
EEKV A 

'EEKV E· 
EGLY A· 
EGLY B 
EGLY. C 
EGLY 0 
EGLY E 
ERGO A 
EHGD E 

1 2 
12 
12. 
12 
12· 
12 
12 
12 
12 
12 
12 
12 
12 

5 • 
5 

12 
1'2 
12 
12 
12 
12 
12 
12 
12. 
12 

.. 12 -
12 · 
12 
12 
12 
12 ,.2 
12 
12 
12 
12 

. 12 
12 

4,6 
6.4 
.2. 9 
2,8 
2,6· 
2,5 
5;7 
3,0 
4. 8 
3,2 
5,3 
2.1 
u.7 
4.4 
s.s 
5.9 
6. 1 
7.0 
6~3 
5,2, 
9, 1 

16,7 
15,6 
17,8 
18.9 
10;5 
2c. i 
15. 1 
14,8 
12;3 
10. 2 
11,6 
11. 2 
1C. 9 
10.s 
10.6 
17. 6 
15.~ 

1. 1 
1. 4 
o.s 
0.7 
0.6 
o. 5· 
0,9 
G·. 9 
1. 6 
0.7 
0.5 
C.5 
2.0 
2. 3 
2. 3 
1,2 
2.3 
1. 9 
1,7 
1. 2 
1, 9 
4.9 
5. 1 
5,4 
·4. 5 
5.5 
6,6 
4,7 
3,8 
3.2 
·3. 5 

· 3. 3 
3. 3 
2.6 
2.3 
3.2 
5,9 
3.3 

15.~ 
10. 0 
15.0 
14,0 
a.o 

. 7. 7 
9,8 
7.5 
9, 1 

10,1) 
1 O, i) 
4,8 

1 o .n 
8,9 

15.0 
16,0 
1 II• •J 
20. 5 
21.5 
21. '.) 
39,0 
37. 0 

r411. (I 

113,O 
45,/\ 
1111.1.' 
52,1) 
311. ij 

34.0 
3D.O 
30.5 
34. (I 
31.0 
30.0 
27.5 
27.5 
II 3 • I) 

57. :'.I 

95. 3 
82.7 

138.·2 
131,5 

911. 0 
84~8 
47,5 
79.0. 
50,1 
86.3 
55,7 
63,0 
so. 2 
6 1. !l 
97.0 
111. q 
65,1 
78.8 
89,7 

106. 6 
11 (!. 7 
56. 2 
73. 6 
57,11 
60. 1 
61.9 
63. 6 
63.9 
65.1 
69.6 
83.0 
AS,6 
All. 9 
89,9 
74.0 
67.8 
61.5 
99.3 

EHPK 
EHPK 
Eiii. 
EIIL 
EIKC 
EIKC 
EKLQ 
ETLQ 
EKIIP 
EKIIP 
EKKP 
EKIH' 
EKIIP 
E!IQC 
EPIQC 
ENNB 
ENNB 
EN NB 
ENNB 
ENNB 
EPLP 
EPLP 
EPRP 
EPRP 
ERPB 
ERPB 
ERPB 
ERPB 
ERPB 
ER 10 
ER 10 
ETLQ 
ETLQ 
ETQE 
ETQR 
PEDE 
l'EUE 

A 
E 
A 
E 
A 
E 
A 
E 
A 
B 
C 
D 
E 
A 
E 
A 
B 
C 
D 
E 
A 
E 
A 
E 
A 
B 
C 
D 
E 
A 
E 
A 
E 
A 
E 
A 
E 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
.12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

9 
9 

9. 1 
9. 9 

13,6 
1 1, 4 
111. 5 
17. 0 
12, 8 
10,8 
12. 9 
1 2. () 
1 t', 0 
1 1. 0 
111,7 

7,5 
7.5 

11, 2 
11,e 
12. J 
13, 2 
14, 1 
8.9 
a. 5 
5.4 
5.3 
7. 2 
6. J 
6, 8 
11,6 
7, 4 

19,7 
20.8 

6, II 
10.7 
4,2 
4, 1 
6.2 
s. 8 

2, 8 
3.5 
3.5 
3,8 
3 .• 2 
j, 2 
3. 2 
2.t 
2, 3 
2.8 
2.7 
3. 7 
4. 1 
1, 6 
1,9 
1, 8 
1, 5 
1. !: 
5. 3 
6,6 
1. 5 
2. 1 
1. 3 
1. 2 
1. 0 
1. 0 
0,6 
1.4 
2.8 
8, 1 

12.0 
0,6 
2. II 
0.9 
0.1 
2.0 
2,9 

22.0 
24.5 
::16,0 
28.5 
37.0 
119.0 
33.0 
27,0 
311,0 
30.0 
30,5 
29,O 
l4,0 
21,5 
15,0 
33.0 
30,0 
33.0 
22.5 
29,0 
26.0 
23.0 
16.0 
10.0 
22. 5 
24.0 
27,0 
10,(1 
,a.o 
39,C 
39.0 
20,5 
26.0 
13.0 
12. 5 
16. 0 
8,9 

58,8 
58 .• 0 
75,1 
66~ 3 
71,6 
84, 7 
73,9 
70,4 
86.9 
87.3 
86,S 
70,9 
66,9 
98. 3 
SJ,6 

101.5 
99,3 
87.9 
48,1 
58,1 
90,9 
so.a 
87.1 
49,8 

103,3 
112. II 
113. 6 
63.7 
59.5 
43,4 
38, 1 

107.3 
71. 1 
93.5 
90. 5 
77 .o 
38. 1 

---------------------------- -------------------·---
Appe~clix 8 - 21. Locations of sampling stations during August 15 and 

··November 2.0, 1Y74 turbidity· studies. 

---· ------------------------------------------------------------
Sta_tion Boa.I !liver Location 

. . ' -------- .------------------------------------------------------
E-1 
E.-2 
E-3 
E-~:. 
E-5 

· E-6 
E-7 
E-8 
E-9 
E-10 
E-11 
E-1 
B-2 
E-3 
s-·4· 
f-'5' 
E-6 
1-1 
1-2 
Y-3 
Y-4 
Y-5 

u.s.-90 
Fl. -1611 
Fl.-4 
u.s.-29 
Fl,-111 
Fl.-41 
u.s.-29 
u.s.-84 
u.s.-n 
(di rt) 
u~s.-Bti 
u.s.-9:J 
(<1irt1 
Fl.-4 
Pl. ~191 
Pl.-4 

· P'l.-il 
Fl. -87 

· U. s. -9 '.) 
Fl.-2 
Pl •. -85 
Fl. -285 

Escambia River 
Escambia hiver 
Escambia P.iver 
Big Escambia creek 
Conecuh River 
Murder Creek 
Cunecuh River 
Conecuh River 
Conecuh River 
Patsaliga Creek 
rigf!on CrP.ek ' 
Blackwater River 
Blackwater River 
Black 11a ter River 
Coldwater Creek 
ColJwater Creelc 
Coldwater creek 
Yellow iliver 
Yello11 !liver 
Yello11 River 
Shoc1l Hiv.ir 
Shoal <liver 

6 km. south of Pace, Florida 
8 1cm. northeast of Cantonment, Florida 
5 km. east of Century, Florida 
2 km. uortb of Flomaton, Alabamd 
3 km. south of East Brewton 
2 km. east of Brewton,Alabama 
27 km. east of Brewton,Alabama 
3 km, west of Andalusia, Alabama 
8 km. north of Andalusia, Alabama 
6 km. west of Gantt, Alabama 
19 km. west of Andalusia. Alabama 
1 km. west of Milton, Florida 
2 km,.northwest of Harold, Florida 
6 ,km. n~rthwest of Baker, Florida 
11· km. northeast of Milton, Florida 
10 ~m. west of Munson, Florida 
5 km,,east,of Jay, Florida . 
16 km. north of Holley, Flori":la 
5 !<,m, west of Crestvie11,- Florida, 
8 kra, east of Blackman, Florida 
8 km. south of Crestview, Florida 
B km. nortn of Mossy Head, Florida 

----------------------------------------------------------------------
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Appendix 8 - 22. Turbidities in the Escambia, Blackwater and YP.llow Rivers 
d u r in g A u g us t 1 5 , 1 9 7 4 a n d No v em her 2 0 , 1 9 7 4 • 

----------------------------------------------------------------------
Turbidity (JTU) Turbidity (JTU) 

Stati;;;- August 15 <j No·vember 20 -----------------------------St.at ion August 15 November 20 

-------------------------------------- -----------------------
B1 . 11. 0 2. 2 E1 10.0 5. 0 

10.0 2.3 10.0 5.0 
11.0 2.8 10.0 4.8 

B4 3. 1 1. f:I E2 15.0 6. 3 
3.7 1. 5 15.0 8.0 
4.C 1.7 15.0 8.5 

BS 2.8 1. 0 E3 36.0 1 s. 0 
3.2 1. 5 34.0 13.C 
2.0 1 • 5 38.0 13. 0 

B6 5.3 2.8 E4 21.0 1.0 
5.3 2.8 22.0 7.5 
4.7 2.5 23.0 6. 3 

83 3.7 2. 3 E6 , ('1. 0 58.C 
3.3 2. 3 1').C 70.0 
4.2 2.5 10.0 60.0 

Y2 12.0 4. 2 ES 42.C 10.0 
12.0 4.5 39.".1 10.0 

fi. A 4.0 40.0 12.0 

Y3 19.0 fi. 0 E7 28.0 1 ('. 2 
22.0 5. 3 29.,) ,~.o 
21.0 5.3 30.0 9.2 

Y5 4.2 6.0 E9 13. 0 s. 8 
4.2 5.8 12.,J 5.2 
4.3 1.0 12.0 5. 5 

Y4 6.4 5.0 E10 42.0 33. (I 
6.3 5.0 4 C'. C 32J1 
6.0 5.5 43.0 35.0 

B2 5.0 4.5 ES 24.0 9. 8 
5.4 4.5 24.C- 8.8 
4.6 4.5 25. (, 9. 8 

Yl 5.7 6.5 E 11 20.Ci 25. 0 
5.a 6.0 18.~ 27.0 
5.4 fi. C 20.0 25.0 

E12 33. I) 18. 0 
37.0 1A.O 
33.0 20.0 

------------------------------------------------------------· 
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Appendix 9 - 1 • Summary of ch loro phy l_~ ~ (mg /1) du.ta for the Pensac.ola Bay system 
Januacy through SP.!Jtember, 197 4. 

--------------------------------------------- ---------------------------------------------
Sta. Dep. No. Mean Min. Max. CV% Sta. Dep. No. Mean Min. Max. CV% 

--------------------------------------------- --------------------------------------------
ADGV A 12 G.0039 <J.CC.22 0.0100 54.4 EPLP A 12 0.0073 :.:039 0.0143 50.6 
AGJI A 12 C.C034 o. cc 17 0,0082 54.3 . EPRF A 12 : 1 .0056 J. C 02 8 0.0107 41.8 
AGPH A 12 C.'J035 ,: ~ C C 14 0.0086 5 .3 • 4 ERPB A 12 O.C058 ).0028 0.0113 5 2. 5 
AJFD A 1 1 0.0038 ').C011 0.011( 69.4 ER10 A 1 1 O.CC53 :·.0013 O.C096 56.9 
ALEX A 12 c-. O ·) 3 2 C-,CC16 C.OC65 40.5 ETLQ A 12 0.0048 0.0020 0.0118 53.5 
EFEI A 5 0.0036 O.CGC-3 0.0062 67.6 ETJE A 12 O.OOtn C.0013 0.0067 4 2. 9 
BJI'I A 12 G.QC45 O. C 017 C.C-111 66.7 PEUE A 8 o.c121 C. 0 06 1 0.0239 52.6 
BNGA A 12 O.C046 1).0017 C.C-t:93 51.0 PC-1 A 12 0.0026 0. 0 OC4 0.0126 13 5. 1 .... 
8PEA A 12 C.0044 O.OC:12 0.0160 90.8 P02 h 12 0.0042 0.0010 O.J13d 99.3 .i= 

.1 ECGM A 12 G.OC41 O.G016 O.OC73 46.2 P03 A 12 0.0035 J.G011 0.0096 96.6 
U'I 

F.~:DR A 12 0.0049 0.0019 0.0121 59. 1 P04 A 12 0.0035 r;.0010 0.0094 67.6 .'° 
EEEM A 12 0.0051 0.0016 C. 0C 86 44.6 PC5 A 12 J.0033 1.001c 0.0100 84.2 
E~IX A 12 G.:J056 C·.0015 0.0108 55.3 P06 A 12 O.C044 J.':'015 0.0111 73.8 
EEKV A 12 O.C084 ().(007 · C.0170 65. 0 P07 A 12 0.0040 0. C' 02 2 0.0095 53.5 
EGLY A 12 C.0081 0.0027 C.0137 48.5 P08 A 12 0.0033 0.0012 0.0116 95.7 
EHGD A 12 0.0038 O.OC,14 O.CC:88 59.6 P09 A 12 C.0033 ).C011 C. O O 90 7 1. 9 
EHPK A 12 06,,0.16 1 O.OC66 C.0410 68.1 P1C A 12 0.0032 0.0013 0.0047 37.4 
EIIL A 12 O.OC56 O.C023 c.o,cc 43.2 P11 A 12 0.0065 ).0013 . G.0376 155.8 
EIKC A 12 C.0051 0.0006 0.0131 73.0 ~,2 A 12 0.0033 Q.0017 0.0051 34.6 
EKLQ A 12 C.OC68 O.C,'.)19 c.0102 33.1 P13 A 12 0.0032 0.0012 0.0092 68.8 
EKMP ll 12 c·~OC-71 0.0033 C.0179 54.0 P14 A 12 0.0032 ;.0012 0.0095 f>5.7 
fMQC A 12 0.0057 O.OC28 . -·o. oa e 1 2·9. 7 . Pl 5 A 11 0. 00 38 J.0013 0.0080 64.4 
ENNli A 12 0.00f6 0.0(:26 0.0106 39. S 

---------------------------------------- --------------------·-------



Appe~dix 10 - 1. Bimonthly distribution.of otter travl samples ~y area and by stati~n., 

----------------·------ ·----------------------------------------------------
Number of trawl samples 

------------------------------------------------------
Area 

1 

2 

3 

5 

'Iotal 

II 

III 

V 

VI 

VII 

VIII 

I 

IV 

IX 

X 

XI 

Oct. 

2 

2 

2 

2 

2 

2 

0 

1 

2 

2 

0 

17 

---------------------

Dec. 

2 

2 

2 

2 

2 

2 

1 

2 

0 

2 

2 

19 

Feb. 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

21 

Apr. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

22 

June 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

22 

Aug. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 .. 

·2 

22 

Total 

12 

12 

12 

12 

12 

12 

9 

1 1 

9 

12 

10 

123 

------------------------------------------------------. . . 



Avpendix 10 - 2. Spatial distribution of fishe·s collectod by otter trawl in P.scamllia Bay, 
durin;i 1973 tbrough 1974. Areas are illustrated in Pigure 10 - 1. 

--· ------------------------------------------------------------------------------
.Species 

[asyatis sabina 
Dasyatis sayi 
Lepisosteus osseus 
Elops saurus 
Brevoortia patronus 
Harerigula p~nsacolae 
[orosoma petenese 
Anchoa hapsetus 
Anchoa mitchilli 
Synodus fuetens 
Ictalurus punctatus 
Ari us f,~l is 
Eagre marinus 
Opsanus beta 
Henidia beryllina 
Synynathus louisianae 
Syngnathus scovelli 
Caranx hippos 
Chloroscombrus chrysurus 
Oligoplites saurus 
Selene vomer 
Eucinostoruus argenteus
Archosar~us probatocephalus 
Lagodon rhomhoides 
Bairdiella chrysura 
Cyncscion arenarius 
cynoscion nebulosus 
Leiostomus xanthurus 
Henticirrhus americanus 
Menticirrhus litteralis 
Hicropogon undulatus 
Chaetodipterus fauer 
Hugil cephalus 
Polydactylus octonemus 
Gobioides broussonneti 
Gobionellus hastatus 
Gobionellus shufeldti 
Trichiurus lepturus 
Sccmberomorus maculatus 
Peprilus alepi<lotus 
Prionotus tribulus 
Citharicthys spilovterus 
Etropus crossotus 
Faralichthys lethostigma 
1rinectes maculatus 
symphurus plagfusa 
SphoeroiJes parvus 
Chilcmycterus scboepfi 

Total 

Area 1 Area 2 Area 3 Area I.I Area 5 
Number of trawl samples 

------------------------------------------
24 24 24 29 22 

0 
0 

21.1 
2 

1,570 
0 

10 
173 

5,522 
0 
0 
3 
C 
0 
1 
0 
0 

10 
9 
2 
e 
1 
•) 
() 

2 
172 

0 
2,828 

0 
,) 

1,433 
0 
,) 

131 
0 
0 
1 
3 
,) 

4 
0 
1 
0 
0 
1 
0 
0 
0 

11,963 

., 
1 
1 

270 
. 1 

1,27.3 
5,690 

5 
0 

3C 
1 
1 
0 

r:., 
1 

181 
C 
·) 

0 
1· 
J 

16 
157 

2 
2,387 

2 
·J 

1,363 
1 
0 

145 
0 
,) 

0 
3 
3 
5 
0 
2 
3 ... 
0 

,J 

11,551 

14-61 

.) 

1 

255 
13 

•) 

1, 6 7 ":· 
3, 6 0 1 

2 
0 

27 
·) 

0 
1 

·'.:I 
,) 

45 

1 
,) 

2 
0 
7 

162 
0 

76 7 
5 

1, 166 
0 
I) 

70 
() 

0 
I) 

10 
0 
1 
f 
II 
II 
0 
1 
C 
II 
1 

7,821 

5 
6,721.1 

:) 

5 
1:ll 

10, BO 
1 
5 

:n 
0 
0 
5 
,) 

0 
10 

.) 

1 
1 

11:.! 
C 

25 
5:.! 

885 
7 

b,515 ,.. 
J 

C 
1,966 

0 
23 
811 

1 
17 

0 
◊ 
0 
0 
0 
3 
0 
I.I. 

5 
0 
2 
0 

26,791 

1 
1 
4 
0 

4&6 
21.i 1 

0 
1,975 
5,5o3 

:i 
0 

42 
0 
0 
0 
0 
1 
2 

383 
0 
2 
I) 

2 
0 
7 

211 
2 

1, J29 
5 
5 

1,907 
0 
1 

37 
') 

C 
J 
9 
0 

10 
1 
2 
3 
2 
1 
1 
3 
0 

11,750 

Total 
catch 

2 
2 

:.!9 
3 

9,305 
25'> 

15 
1.1, 693 

30,565 
11 

5 
123 

1 
1 
6 
1 
1 

2] 
625 

3 
I.I 

113 
1 , 
25 
114 

1,587 
11 

13, 1:126 
12 

5 
7,915 

1 
24 

467 
1 

17 
1 

25 
] 

n 
2 

12 
1'.) 

5. 
8 
1 
9 
1 

&9,R76 



Appendix 10 - 3. Bimonthly distribution of fishes collected by otter trawl in Escambia B1y, 1973-74. 

--------------------------------------------------------------------------------
Species 

tasyatis sabina 
Dasyatis sayi 
Lepisosteus osseus 
Elo~s saurus 
erevoortia patronus 
Harengula pensacolae 
corosoma petenese 
Anchoa hepsetus 
Anchoa mi tchilli 
synodus foetens 
Ictalurus punctatus 
Arius: felis 
Eagre marinus 
Opsanus beta 
ftenidia baryllina 
Syngnathus louisianae 
Syngna thus scovell i 
Caranx hippos 
Chlcroscombrus chrysurus 
Oligoplites saurus 
Selene vomer 
Eucinostomus arqenteus 
Arcr.osargus probatocephalus 
lagocl.on_ rhoa.boides 
Eairdiella chrysura 
Cyncscion arenarius 
cyncscion nebulosus 
leiostomus xanthurus 
Menticirrhus americanus 
llenticirrhus litteralis 
fticropo~on undulatus 
Chaetodipterus faber 
ftugil cephalus 
Eolydactylus octonemus 
Gonioides broussonneti 
Gobionellus hastatui 
Gobionellus shufeldti 
lrichiurus lepturus 
Sccmberomorus maculatus 
Feprilus alepidotus 
Fricnotus trihulus 
Citharicthys spil~pt_erus 
ftropus crossotus 
Earalichthys lethosti~ma 
lrinectes maculatus 
Symphurus playfusa 
Spho•iroUes parvus 
Chilcmycterus schoepfi 

Total 

Oct. 

1 7 

C 
C 

16 
0 
3 
1 
0 

l, 511 
7,092 

0 
G 

17 
,) 

0 
•J 
0 
0 
1 

254 
0 
2 
') 

2 
2 
0 

20 
0 

1,593 
1 

181 
0 
C 

lC 
1 

0 
0 
3 

-5 
-0 

C 
I) 

0 
,) 

0 
1 
,) 

Dec. 

19 

r: 
2 
0 
5 
r: 
8 

2,435 
11,591 

5 
') 

C 
(' 

C 

1 
0 
9 
2 
3 
0 

111 
2 

9 
55 

8 
411 

7 
(j 

79 
1 
3 

' 'c-., 
1) 

r, 

() 

2 
0 

1) 

,J 
1 
1 
1 

,ii;767 

Peb. &pr. June 
Number of tcavl samples 

21 

1 
0 
1 
0 

5,305 
c-
7 
C 

3,532 

2 
0 
I) 

C 
6 
,) 

1 
0 
2 
C 
0 
2 
1 
1 

14 
6 
1 

1,821 
4 

398 
') 

12 
(; 

3 
·1 
r 
--
". 
r:
c 
1 
C 
C 
1 
0 
(I 

22 

0 
J 
6 
7 

2,31'J 
0 

91'J 
1 
'.) 

18 
1 
1 

0 
0 
J 
Ii 
0 
J 
J 
ij 

J 
1 

116 
) 

2,911 

1 
2,171 

6 
13 

0 
1J 

" b 
~ 
1 
,') 

3 
0 
2 
3 

3 
r.-

22 

0 
2 
1 
C 

1, 64() 
0 
0 

2~ 
2,938 

0 
3 

LIO 
0 
0 
0 
(I 

0 
5 
0 
(I 

0 
0 
0 

10 
37 

1, 1 Oll 
2 

6,151 

' 'J 

4, 183 
c-
3 

379 
0 
1 
0 

19 
:, 

0 
2 
(.I 

3 
2 
0 
2 

1&,552 

Aug. 

22 

0 
J 
3 
1 

33 
254 

' 717 
ll, 4 34 

5 
J 

49 
) 

J 
) 

J 
) 

9 
367 

J 
2 

' 2 
12 
23 

286 

' 939 
J 
0 

90 
) 

) 

b5 
0 
0 
J 
J 
:) 

13 
) 

6 
) 

1 
2 
1 
2 
J 

Total 
catch 

2 
2 

29 
ti 

9,305 
2SS 

15 
4,693 

30, S 66 
11 
s 

123 
1 
1 
6 
1 
1 

23 
6 25 

3 
4 

113 
11 
25 
8ll 

1,587 
11 

13,826 
12 
s 

7 ,'115 
1 

24 
467 

1 
17 

1 
25 

3 
20 

2 
12 
10 
"6 
8 
l 
9 
1 

69,376 

-----------------------------------------------------------------------------------------------
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Apper.Jix 10 - 4. i;imunthly distribution of fishe:; collected by seina iu Escambia Bay, 1973-H. 

Speci2s 

Elofs saurus 
Erevoortia pa tronus 
HarenJula pensacolae 
Ancnoa hepsetus 
Anc hoa mi t ch i..l.l--i 
synodus foetens 
Arius felis 
Strongylura marina 
Cyprinodon .variega tus 
Fundulus grandis 
Fundulus similis 
Lucania parva 
Men idia beryllina 
t'licropterus salmoides 
Chlcroscombrus chr ysrirns 
Oligupli tf~ s saurus 
Lutjanus y rise us 
Euc irwstomu s argen teus 
Lagodon rilomboides 
Cyncscion arenarius 
Cyncscion nebulosus 
Leiostomus xanthurus 
Menticirrhus american us 
Micropogon undulates 
Mugil cephalus 
Polydactylus octonemu s 
Gobiosoma bosci 
Gobiosoma robust um 
Gobionellus shufeldti 
Citharicthys ~;pilopterus 
EtrofUS crossotus 
'Iri nectes maculatus 
Sphoeroides parvus 

'Iotal 

Oct. Feb. A pr. June Aug. 
Number of seine hauls 

-----------------------------------------· ---------
4 4 4 4 4 

,, .... 0 : 2 0 () 

2b69 12 8 2807 3 !) 

5 i) 0 0 0 15 
;j 0 

,.. 
'J 2 0 

155 33 0 22 1231 7 
0 0 r 4 0 

~ 

c, 

0 ·J 0 :') 1 , 
0 ·J c, 0 3 J 

0 5 1 0 i) 

0 ,:) () 21 4 <J 0 
5 1 Q :) 4 '.) 

2 () G 0 0 0 
38 I+ 6 18 48 403 83 

0 ., r. I) 2 0 , \, 

0 ) 0 , 298 
3 ,'.) f'. C 0 2 '•.i 

1 1 [I :) 0 
,._ 
\) 

18 5 " l.l 0 14 ·-· 
1 ·' , 2'; 35 7 v 
1 f3 Q 22 2 0 
1 1 0 '.' 0 C' -
7 4 33 28 97 2 
C ) 0 J , 0 
4 3 0 109 2 51 12 1 
0 13 57 237 10 r 

" 0 0 0 J 10 i) 

1 J () ') 0 j 

0 !'l 1 i) 0 a 
0 0 1 0 0 0 
:) 0 '; Q 1 0 , ,') C, ,J G G 
a ') (.\ I) 1 (' 
,._ a () G 3 22 'J 

----- ----- ----- -----
3,278 92 119 3,325 2,110 572 

rotal 
catch 

2 
5499 

20 
2 

1448 
4 
2 
3 
6 

10 
1D 

2 
914~ 

2 
299 

5 
2 

61 
64 
33 

2 
171 

1 
488 
317 

10 
1 
1 
1 
1 
1 
1 

25 

9,496 

------------------------------------------------------------------------------------------------
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Appendix 10 - 5. Spatial distribution of fishes collected by seine in Escambia Bay 
duriug 1973 through 1974. 

Area 1 Area 2 Area 3 Ate a 4 
Sp~cies N 1imber of seine hauls Total 

------------------------------- catch 
6 6 6 6 

.. -·-------------------------------------------------------------------------
Eloi:s-~aurus 1 1 \) ') 2 
Erevoortia patron us 4 70 6 76) 8 25 54 99 
Hare_ng.ula pensacolae 0 0 20 Q 20 
Anchoa hapsetus 1 0 0 1 2 
Anc hoa rmi t.chilli 329 17 11}46 56 14 48 
Syncdus f.cetens 0 4 0 ij 4 
Arius ·felis 2 :i 0 ) 2 -strong y lura marina , 0 1 1 3 
CyFrindon varie~atus 0 .) C 6 6 
Fundulus g ranJis 0 1 Cl 69 70 
Fundulus similis r. 0 , 9 10 V 

Lucania parva Q a 0 2 2 
Menidia bar-yllina 138 336 73 395 942 
Micropterus salmoides 0 C, I"\ 2 ') .. 
Chloroscombrus.chrysurus 0 :J 2 91.! G 299 
Oligoplites saurus 2 2 1 Q 5 
Lutjanus griSt>US ,) 0 0 2 2 
Eucinostomus argenteus 33 0 12 16 61 
Lagodon. rhomboides 18 0 4 42 64 
Cyncscion ·arenarius 7 2 24 , 0 33 
Cyncscion nebulosus Q i) 2 0 2 
Leicstomus xan thurus 56 7 34 74 171 
Menticirrhus american us 0 1 0 0 1 
Micropogon undulates 371 8 15 94 488 
Mugil cephalus 2 , .1 57 245 317 
Polydactylus cctouemu s 0 c- 0 10 10 
Gobiosoma bosci 0 C 0 1 1 
Gcbiosoma robustum 0 C 0 1 1 
Gobionellus shufeldti J 0 0 1 l 
Cithacicthys spilopterus () r, () 1 1 " Etror:us crossotus ;J ,) 1 :J 1 
'Irinecte::; maculatus 1 I· . 

v 0 ·" ,I 
, 

S ph oeroid es parvus 0 3 22 0 25 

----- ----- -----Total . 5,668 1,160 1 , 6 1 :i 1,053 . ~.,496 

---------------------------------------------------------------------------' ' I • • 



Appendix 10 - 6, Spatial distribution of shrimps {P,anaeus spp,I coll~ctcd by otter tra~l in 
Escambia Bay during 1973 and 1974. Areas arc illustrated in figurd lC - 1. 

------------------------------------------------------------------------------------------
Area 1 Area 2 Area 3 Area 4 

Number of trawl samples 

Species 24 24 24 29 

Area 5 

22 

rotal 
catch 

---------------------------------------------------------------------------------------
Fenaeus setifcrus 

Penaeus aztecus 

·Penaeus'iuorarum 

'Iotal 

4 

6) 

11 

51 

7 

69 

4 

42 

.26 

72 

5C 

153 57 

4 

75 

83 

Jf,2 

.37 

482 

------------------------------------------ .. __ ------------ -------- -----·----------------

= Appendi~ 10 - 7. Bimonthly distribution of shri@ps {?enaeus spp.) call~cted by otter t~a~l in 
Escambia Bay duciny 1973 and 1Y74, 

Oct, Dec, F<=ci, A pi:-, June Aug, 
Species Number uf tra~l sam?les 

17 19 21 22 22 22 

Total 

---- ' -- -- ---- - --- - - - - - - - -------------------------------
Fenaeus setiferus A 1Y 4 50 8.3 

Fenaeus aztecus 

Penaeus :luoraL·um 

'Iotal 

25 

2 

35 

;15 

0 

27 

66 

49 

0 

5C 

226 

() 

22 7 

10 

0 

60" 

362 

:n 

482 

Appendix 1•) - 11. Commercial landings of ,;hrimp (Penaeus spp,) from Escarubia Bay trom 1'16~ to 197.l, 

Year 

19611 

1965 

1966 

196 7 

1968 

1969 

1970 

197 1 

1972 

197 3 

Annual average 

N um b<=r 
of trips 

182 

241 

63 

415 

4 10 

429 

59 

2 

0 

2 

180 

Brown 

0 

16,701 

C 

59,21~ 

53 ,".'9 3 

1,955 

73 

11C 

0 

C 

13,115 

Catch (lbs) 

;>ink 

c-

5'.'1 

0 

333 

1, 16-~ 

14,999 

85] 

20 

0 

98 

1I1347 

ilhiti! 

29,374 

18,567 

.J, 5/i) 

5,818 

7, 7~0 

8, 18() 

1, 7•)(1 

C 

C 

7,496 

r::>ta l 
catch 
(lbs) 

29,374 

35,789 

J, 56 i 

li5, 865 

61,993 

25, 134 

2,626 

13') 

0 

9 t! 

22,457 

Dollar 
value 

13,763 

15,394 

2,62J 

30,181 

35,561 

18,327 

1,063 

151 

9b 

11, I:! 2b 

An,rage 
:atch/trip 

(lbs) 

16 1, u 

148, 5 

56. 6 

158. 7 

151. 2 

58.6 

44.5 

o5. C• 

o.o 
49, C 

124. 6 

------------------------------------------------------------------------------------------------
five-year average 262 2 5, 8~ 2 499 13,016 39,317 19,604 150. (\ 
(19 64- 196 3) 

five-year average 91:! 428 3, 194 1 I 976 5,598 4, jlj 7 56;9 
(1969-197)) 

---------------------------------------------------------------------------------------------------

14-65 



Appendix 10 - 9, Commercial landings of shrimp (Penaeus spp,) from East Bay from 1964 to 1973, 

lear 
Num bet 

of trips 
Drown 

Catch (lbs) 

Pink White 

rotal 
catch 
(lbs) 

Dollar 
value 

Average 
=atch/trip 

(lbs) 

------------------------------------------------------------------------------------------
1964 

1965 

1966 

196 7 

1968 

1969 

1970 

1971 

1972 

197 3 

Annual average 

five-year average 
(1964-1960) 

five-year average 
(1965-1973) 

84 

468 

58 

60 

4 93 

103 

0 

0 

(j 

69 

133 

2 33 

34 

C 

100,1106 

4 

8,613 

Ii 1,876 

8,278 

0 

0 

0 

0 

15,917 

J0,18C 

1,655 

,, 
0 

611 

632 

3,171) 

1 I 102 

C 

0 

2,341 

731 

773 

689 

6,796 

20,675 

4,744 

0 

12, 2711 

371 

0 

0 

0 

0 

4, 4119 

8,898 

74 

6,796 

121,081 

4,814 

9, 2115 

57,320 

9,751 

0 

0 

0 

2, 34 1 

n, 749 

39,451 

2, 1118 

3,519 

49,315 

3,638 

11,325 

37,113 

II, 901 

0 

0 

Q 

2,605 

10,542 

19,582 

1,501 

80.9 

258. 7 

83. 0 

154, 1 

116. 3 

911, 7 

o.o 
o.o 
o. 0 

33,9 

170.11 

169. 6 

70. 2 

Appendix 10 - 1C, Commercial landings of shrimp (Penaeus spp,) from Pensacola Bay fr:>m H611 to 1973, 

----------------------------------------------------------------------------------------
lear 

1964 

1965 

1966 

196 7 

1968 

1969 

197(1 

1971 

1972 

197 J 

Annual averaye 

Number 
of trips 

2 ,2211 

2 ,Lll6 

3,950 

3,816 

11,207 

2,417 

924 

545 

7b6 

1,524 

2,302 

-------------
five-year average 3,368 
11964-1968) 

Five-year ave.age 1I235 
(196~•1973) 

Brown 

182,152 

365,802 

1148,716 

337,903 

702,030 

no,022 

6,1184 

15,356 

1,320 

117 

217,990 

Catch (lbs) 

Pink 

ti 7, 1103 

98,1136 

135,581 

1611,856 

166,757 

83,730 

311,1197 

1,609 

55,372 

121,581l 

93,383 

White 

114,208 

72,058 

10,-1211 

16,334 

33,534 

32,020 

11,043 

186 

2 ,OIi 2 

542 

25, 734 

rotal 
catch 
(lbs) 

293,763 

536,296 

5911, 112 1 

523,093 

902,321 

235,772 

52,021l 

17,151 

58,734 

122,2113 

333,582 

Dollar 
value 

113,285 

2112, 8711 

3114,255 

325,610 

490, ()114 

162,503 

41,552 

15,968 

118,&62 

1 so, 334 

193,509 

Average 
catch/trip 

(lbs) 

132. 1 

202. 7 

150, 5 

137. 1 

214, 5 

97,5 

56,3 

31. 5 

76.7 

80,2 

144, 9 

--------------------------------------------------------------------
407,321 127,4('7 35,251 509,979 30J,l13 169, 2 

28,b&O 59,358 16,217 97,185 83,804 78.7 

--------------------------------------------------------------------------------------------

14-66 
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Appendix 10 - 11 •. Commercial landings of shrimp (Penaeus spp.) from Choctawhatchee Bay from 1964 to 1973. 
. ~ 

Year 

1964 

1965 

1966 

196 7 

1968 

1969 

1970 

1971 

197 2 

197 3 

Annual average 

Number 
Qf ~rips 

247 

267 

795 

807 

b 11 

315 

298 

2 59 

525 

419 

4 514 

Five-year average 543 
( 19 6 ~- 1 9 6 8) 

Five-year averaye 363 
( 19 6 9- 1 9 7 3 ) .. 

Catch· (lbs) · 
------------------ ---------- ---

Brown Pink White 

10,843 1,434 6,521 

35,537 '1,002 20,789 

49,739 21,226 ;rn,921 

30,966 31,449 14,571 

3 3,302 24,334 8,8~3 

452 17,387 8, 44::' 

5,072 24,493 16,61J 

11,C84 9,418 10, 3J 5 

61,451 13,600 1,647 

0 31,:334 C 

23,844 17,626 11,671 

32,077 15,905 15,925 

15,612 7,418 

Total 
catch 
(1 hs) 

18, HB 

57,408 

99,886 

76,9t:l6 

66,459 

26,279 

46,175 

30,897 

76,698 

31,834 

53,142 

63,9'.)7 

42,377 

Dollar 
val11e : .. 

9,205 

31,917 

83,761 

63,247 

60,261 

21,156 

32,994 

27,950 

106,874 

43,256 

48,062 

49,a7a 

46,446 

. - . ' 

Average 
~atch/trip 

(lbs) 

7 6. 1 

21 5. C 

12 5. ti 

9 5. 4 

10 o. 8 

8 3. 4 

154. 9 

119. 3 

14 6. 1 

76. C 

117. 1 

117.7 

116. 7 

------------------------------------------------------------------------------------------------. . 



Appendix 10 - 12. Monthly distribution of fish kills in the Pensacola Day 
system from 1970 through 1974. 

fionth 197 0 1971 1972 1973 1974 Total 

-----------------------------------------------------------------
_January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Noveinber 

December 

'lota.l 

0 

0 

0 

1 

0 

3 

15 

13 

19 

5 

0 

0 

56 

0 

0 

0 

2 

6 

8 

20 

6 

0 

0 

42 

1 

0 

2 

2 

4 

2 

4 

6 

5 

8 

1 

35 

0 

0 

1 

0 

1 

1 

2 

a 

4 

2 

" 
'J 

19 

0 

0 

0 

4 

3 

3 

0 

0 

4 

0 

0 

'.) 

14 

' 
1· 

0 

3 

7 

8 

1 1 

27 

35 

52 

21 

0 

1 

166 

--- . --------------------------------------- ---- ·•-----------------------
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Appendix 10 -130 Listiny of the timeq place and estimated.size of the fish kills 
in the Pensacola Bay system during 19700 

-----------------------------------------------------------------------
Cate 

April 21 
June 21 
June 29 
June 29 
July 1 
July 1 
July 3 
July 3 
July 5-7 
July 8 
July '1 
.July 12-13 
July 1 3 
July 25, 2 7 
.July 27 
July 27 
July 27 
July 29 
July 30 
August 5 
August 6 
August 7 
August 17 
August 18-25 
August 24 
August 25 
August 25 
August 25 

Location 

Bayou Chico 
Mula t Bayou 
Mulatto Bayou 
Trout Bayou 
Mulat Bayou 
Bayou Grande 
Bass Hole Cove 
Trout Bayou 
Mulat Bayou 
Bayou Chico 
Dead.River 
Mulat Bayou 
Bayou Chico 
Trout Bayou 
Bass Hole Cove 
Hulat Bayou 
Racoon Bayou 
Bayou Chico 
T·rou t Bayou 
Escambia Bay 
Indian Bayou 

, Racoon Bayou 
Bayou Chico 
Bayou Texar 
Trout Bayou 
Bayou Chico 
Bayou Texar 
Mullatto Rayou 

Estimated number 
of individuals 

3q5')0 
250q000 
750q000 

111000,000+ 
2,,-~00 

50. 
· 11,,000,000+ 

1 11 000 11 000+ 
11,000,0CO+ 

8,,000 
10uOOO,O'OO+ 

10"000+ 
20v000 

1,,00011000+ 
750,000 

111 000,CCO 
millions 

1,000+ 
1011000 

hundreds 
511000 

15q)OO 
111000+ 
411000+ 

500 
511000+ 
3,,:)00+ 

700 
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App,rnuix 10 -13(cont). Listing of the time, place and estimated size of the fish k.ills 
in thz Pensacola Bdy system during 1970. 

rate 

August 26-31 
August 27 
August 27 _, 
August 31 
Sep tern bee 1 
September 2-J 
.September 2 
September 2 
September 2-4 
September 3 
September 3 
Septaml>ec 4 
Septembe·r 4 

September 8 
September 1('-22 
September 18 
.Se!Jtember 18 
September 16 
September 23 
September ·24 
September 24-25 
Septew.ber 24 
September 28 
Octol.>l;!r 12 
Cctobe_r 12 
October 26-27 
October 27 
October 27 

Location 

Escambia Bay 
Woodland Bayou 
Intlian Bayou 
Trout Bayou 
Hoffman Bayou 
Bayou Texar 
Escambia Bay 
liacoon Bayou 
Bayou Grande 
Woodland Dayou 
Gilmore Bayou 
Thompson Bayou 
Mulatto Bayou 
Trout Bayou 
Bayou 'fexar 
Bayou Chico 
Escambia Bay 
Woodland Bayou 
Escambia Bay 
Bayou Grande 
Escambia Bay 
Hot£ man Bayou 
Mulatto Bayou 
Mulat Bayou 
Escambia Bay 
Bayou Chico 
Escc1 mb.ia Bay 
Judge 0 s Bayou 

Estimated numb~r 
of individuals 

10,000,1)00 
.5 

10,JCO,COO 
3,000 

10C 
300 

millions 
thousands 

150+ 
100 

50 
no estimate 
no estimate 

500 
200-o-

20,000 
4,000 

3JO 
45 
25+ 

2,0'30+ 
200 

10000,000 
20011000 

311000 
1011000 
30000 

300,000 



Appendix 10 - 15. Total. - length frequency of Atlantic bumper, 
Chloroscombrus ~hysurus, from Escambia Bay during 1973-1974. 

--------------------------------------------------------
llidclass 

( mm) 
Oct. Dec. Feb. Apr. June Aug. 

--------------------------------------------------------
17 
22 1 1 2 
~1 54 2 
32 68 3 
37 8 1 8 
42 -4 1: 23 
47 4 1 3, 
52 3 1 19 
57 8 6 

-62 1 5 
67 1 3 
72 1 24 
11 31 
82 · 45 
87 22 
92 11 
91 4 

'Iotal 152 2 2 0 1 249 

---------- ~----------------------

Appendix 1-0 - 14. Total - length tre1uancy of Gulf menhaden, 
Brevoortia patranus, from 2scambi~ Bay froru 1973-1974. 

Nidclass 
( nim) 

Oct. l>ec. Feb. A pr•. June Aug. 

------ .--------------. -------------------------------------
22 3 4 3 
21. .9 43 81 
32 106 77. 
31 21 32 
42 1 16 14 2 
47 12 26 1 
52 5 2': 3 
57 9 ]6 
62' i; 2 1 
67 3 ') 

72 17 1 
11 21 , 
82 5 L! 6 
87 14 14 u 
92 1 10 14 ':I 
97· 3 5 1 

102 7 
107 6 7 
112 22 3 
117 53 2 2 
122 62 
127 38 
132 1C 2 
137 7 1 

Total 199 17 175 2% 192 33 

--- ------------------------~----------------------------------
·14-71 



Appendix 10 - 16. Total-length fr~yuency ot sand seatrout, Cynosian 
arenarius, from Escambia Bay during 1973 - 1974. 

l"lidclass 
( mm) 

27 
32 
37 
42 
47 
52 
57 
62 
67 
72 
77 
82 
87 
92 
97 

102 
107 
112 
117 
122 
127 
132 
137 
142 
147 
152 
157 
162 
167 
172 
177 
182 
187 
192 
197 
~02 
'201 
~12 
217 
~22 
227 
~32 
a1 
~42 
~47 
257 
~82 
~92 
~97 
327 
332 
337 
·rot al 

Oct. 

2 
4 
3 
1 

1 
1 

1 
2 

1 
2 
2 

21 

1 

1 
5 
8 
6 

10 
8 
7 
4 
2 

1 

53 

Feb. 

1 
1 

·2 
2 

6 

7 
15 
23 
17 

·g 

1 
:'> 
2 

·3 

82 

June 

. 2 
3 

17 
27 
52 
45 
35 
19 
24 

6 
6 
5 
5 

1 1 
9 
6 
6 
9 
5 
2 
2 

1 
1 
1 
3 
5 
2 

3 
1 
2 
2 

318 

Aug. 

1 
3 
6 
3 

21 
14 
21 
19 
21 
18 
29 
34 
1 1 
11 

4 
3 
2. 
2 
·2 
2 
2 
3 
1 
3 
2 

2 
2· 
6 
2, 
2 
2 

, 
1 , 
1 

. 1 .. 
1 

: 1 . 
263 

---------------------------------------------------------
14-72 



Appendix 10 - 17. Total - length frequency of spot, Leiostomus 
xanthurus, from Escambia Bay during 1973 - 1974, 

Midclass 
( mm) 

Oct. Dec. Feb, Apr.· . June Aug. : 

. . . .. ,; . .. . . . -----------------------------------------------------------
17 
22 
27 
32 
37 
42 
47 
52 
57 
62 
67 
72 
77 
82 
87 
92 
97 

102 
107 
112 
117 
122 
127 
132 
137 
142 
147 
152 
157 
162 
167 
172 
177 
182 
187 
192 
197 
202 
207 
212 
217 
222 
227 
232 

. 237 
242 
247 
252 
257 
262 
267 
272 

Total 

1 
3 
9 

21 
47 
29 
10 
1, 

4 
1 
4 
1 
1 

1 

, 
1 

2 

1 

148 

5 
3 
2 

7 
23 

.43 
48 
54 
39 
30 
23 
18 
18 

6 
15 

5 
2 
3 
4 

1 
2 
1 

1 

1 

1 

1 

356 

21 
82 

205 
165 

64 
8 
3 
l 

2 
6 

13 
10 

8 
13 
11 

9 
3 
4 

1 

1 

1 
3 
2 

2 
1 

1 

640 

2 
25 
43 
15 
11 
29 
48 
33 
20 

9 
5 
2 
2 

1 

3 
5 
5 
6 
5 
4 
7 
4 
2 
5 
3 

2 

1 

1 

1 

1 

302 

9 
16 
17 
18 
27 
47 
30 
33 
39 
26 
14 
11 

8 , 
2 

4 
1 
1 
1 
3 
5 

" 4 
1 
1 
2 
2 

1 

1 

1 
5 
2 
5 
5 
1 
3 
1 
3 

3 

1 

359 

----------------------------------------------
14-73 

8 
19 
42 
39 
46 
50 
40 
31 
18 
16 

6 
6 
4 
2 
3 
3 
4 
6 

10 
7 
4 
1 
2 

1 
2 
1 

1 
2 
2 

" 4 
2 
1 
1 
2 
3 
1 
3 

2 

399 



Appendix 10 - 18. Total - length frequency of Atlantic croker, Micropo~on 
undulatus, fi:om .C:scambia Bay during 1973 - 1974. 

. . . . . ---------------------------------------------------------------------
flidclass 

( mm) 
Oct. Dec. Feb. Apr.· June Aug. 

--------. --- . ------------- .. -. ·- .... - '. - . --· -· -· .. -- .. ~ ,, ' '·. ·. --· -- . - . · .. 

12 
17 
22 
27 
32 
37 
42 
47 
52 
57 
62 
67 
72 
77 
82 
87 
92 
97 

10 2 
107 
112 
117 
122 
127 
132 
137 
142 
147 
152 
157 
162 
16 7 
172 
177 

1 
1 
1 
1 
7 
4 

1 () 
1 4 
14 
15 
10 

7 
5 
3 

. . . 

2 

1 
3 
1 
3 
2 
1 
2 

1 

1 
2 
4 
6 
7 
9 
5 
7 
1 
3 

1 
6 

19 
~7 
42 
42 
34 
25 
23 
17 

5 
3 
4 
8 
1 
5 
2 
2 

1 

1 
2 
4 
4 
6 
2 

1 
7 

14 
29 
12 
14 1 
16 9 
22 9 
22 14 
23 27 
20 31 
18 34 
11 24 
12 25 

4 12 
2 17 

19 
1 10 

rn 
5 
6 
4 
2 

4 
1•'.) 

14 
27 
28 
38 
34 
4<J 
31 
28 
24 
23 
16 
17 
13 
i3 

8 
13 
11 

6 
5 

-------------------------. ·--- ----· ------ ·---- ---------- . -------------



Appen:iix 10 - .1e (cont). 
1-:icc:oi::,ogon u11tlulatus, 

fatal - lengt~ fc:eguency of Atlantic ccoker, 
tram Escambia Bay duc:ing 1973 - 1974. 

-----------------------· -----------------------------------------------
~idcb.ss 

(mm) 
Oct. Dec. Feb. A pc:• June Aug. 

----------------------------------------------------------------------
182 
187 
192 
197 
2C2 
207 
212 
217 
222 
227 
232 
237 
242 
247 
252 
257 
262 
267 
272 
282 
287 
292 
297 
3C2 
.:07 
312 
317 
322 
327 
34 7 
352 
402 

'Iotal 

. ' . . 

2 

2 

2 
2 

2 

10 3 

1 
·2 

2 
3 
L 

2 
1 
2 
1 
2 
1 

83 

2 
2 
1 
4 
8 
1 
4 
4 
4 
2 

2 
2 

362 

14-75 

1 
5 
1 
5 
6 
5 
1 
4 , 
3 
1 
1 
1 

2 
1 
1 
2 

272 

3 
3 
5 
6 

13 
10 , , 
15 

6 
9 
6 
4 
1 

6 

1 
1 

36 2 

3 
-3 
2 
1 
3 
8 
9 
-5 
6 
6 
1 
1 
5 
4 
.s. 
2 
3 
5 
6 
7 
1 
2 
2 
1 
1 

1 
1 

2 

52:J 



Appenuix 11 - 1. Bl.:lt1thi<.: macroiHver:tehr:ate sam!Jlii1'J date.s .J.nu stations 
in the Pensacola Ray system. 

----------------------------------------------------------· ------------
July - l\•Jg ust, 

January, 1·974 

l'q::ril, 1974 

August, H74 

1973 Ell, B i3, D{'" '.:D, ~· ~, Gi\ I Gi3, GC, (;D, Ii\, IB, ~-, ...., .. , I 

IC, IJ.i, IE, i\A, :U, KC, KD, KE, MA., !'ID, ii:, 
i'i9, ;-11-n, M!-1 B, i1i1C, MMD, OA, OB, or• "-, OD, QA, 
(Jl), QC, (\ t:' 

"a!.~, SA, SD, SC, SJ 

GA, G[l, GD, OA, ·03,. 1JD, BW,\, 3\o!B, BWC, EBWA, 
Eot.1, B!.3WC, i::SD, Ei:l), PBD, SRA, SUB, SHC 

EBE.I\, EB SB, E1HC, E :-IE[), E BEc 

ACY., APD, APJN, Br!G, :::sG, !ES 
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Appendix 11-2.--Benthic Macro-fauna from the Pensacola Estuary. 
(E = Escambia Bay; A= East and Blackwater Bays; s = Santa 
Rosa sound) 

Arthropoda 
Insecta 

Chironomid (Midge) 

Crustacea 
Amphipoda 

Ampelisca vadorum 
Ampelisca sp. (nr. verrilli) 
Ampelisca abida 
Monoculodes edwardsi 
Monoculodes sp. B. 
Haustorius sp. 
Photis pugnator 
Listriella sp. (nr. barnardi) 
Rudilemboides nageli 
Grandidierella bonnieroides 
Gammarus mucronatus 
Elasmopus levis 
Melita nitida 
Batea catharinensis 
cymadusa compta 
corophium sp. (nr. acutum) 
Paracaprella pusilla 

Isopoda 
Edotea sp. 
cyathura sp. 
Erichsonella filiformis 

Tanaidacea 
Leptochelia sp. 
Apseudes sp. 

Cumacea 
oxyurostylis smithi 

Mysidacea 
Mysidopsis bigelowi 
Praunus sp. 

Decapoda 
Penaeus setiferus 
Penaeus a ztecus 
Trachypeneus constricta 
Palaemonetes pugio 
Palaemonetes sp. 

. Hippolyte pleuracantha 
Periclimenes lonqicaudatus 
Family: Processidae 
Sicyonia brevirostris 
Shrimp sp. A. 
Pinnixa sayana 
Pinnixa chaetopterana 
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Mollusca 

Callianassa jamaicense louisianensis 
Paqurus longicarpus 
Micropanope sp. 
Eurypanopeus depressus 
Neopanope texana texana 
callinectes sapidus 
callinectes ornatus 
Zanthid juveniles 
Portunid juveniles 
Unidentified larval crustacean 

Pelecypoda 
Mysella planulata 
Nuculana acuta 
Mercenaria campechiensis 
Tellina versicolor 
Tellina sp. B. 
cyclinella tenuis 
Macoma mitchelli 
Ensis minor 
Mactra fragilis 
Mulinia lateralis 
Polymesoda caroliniana 
Rangia cuneata 
Arnygdalum papyria 
Tagelus plebeius 
Anomalocardia cuneimeris 
Brachidontes recurvus 
Crassostrea virginica 
Brachidontes exustus 
Abra aegualis 
Lyonsia hyalina floridana 
Crassinella lunata 
Anadara transversa 
Martesia cuneiformis 
Martesia smithi 
Lucina multilineata 
Lucina amiantus 
Laevicardium mortoni 
Dinocardium robustrum 
Macoma tenta 
Cuminqia antillarum 
Musculus lateralis 

Gastropoda 
Nassarius vibex 
Crepidula maculosa 
Crepidula fornicata 
crepidula plana 
Retusa canaliculata 
Olivella pusilla 
Kurtziella limonitella 
Natica pusilla 
Anachis simplicata 
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Mitrella lunata 
Granulina (Bullata) ovuliformis 
Thais haemastoma 
Thais sp. B. 
Mangelia stellata 
Urosalpinx cinera 
Eupleura sulcidentata 
Nudibranchs 
Prunum apicinum 
Turbonilla conradi 
Odostomia sp. A. 
Odostomia sp. B. 
Bulla occidentalis 
Epitonium rupicola 
Polinices duplicata 
Neritina reclivata 

Polychaetes 
Polynoidae 

Antinoella sarsi 
Eunoe nodosa 

· Harmothoe lunulata 
Sigalionidae 

Sthenelais boa 
Amphinomidae --

Amphinome rostrata 
Phyllodocidae 

Anaitides maculata 
Eteone heteropoda 
Nereiphyla fraqilis 
Phyllodoce (Genetyllis) castanea 

Pilargidae 
. Ancistrosyllis hamata 

Cabira incerta 
Parandalia fauveli 
Siqambra bassi 

Hesionidae 
Gyptis capensis 
Podarke obscura 

Nereidae 
Laeonereis culveri 
Leptonereis -laevis 
Neanthes succinea 
Nereis pelaqica occidentalis 
Platynereis dumerili 

Nephtyidae 
Aqlaophamus inermis 

Glyceridae 
Glycera oxycephala 

Goniadidae 
Glycinde solitaria 

Eunicidae 
Marphysa sanquinea 

Onuphidae 
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Diopatra c. cuprea 
Lumbrineridae 

Ninoe niqripes qracilis 
Lumbrineris pallida 

Arabellidae 
Drilonereis cylindrica 

Spionidae 
Microspio piqmentata 
Paraprionospio pinnata 
Polydora caeca 
Polydora socialis 
Polydora websteri 
:Prionospio pyqmaea 
scolelepis sguamata 
Spiophanes bombyx 
Spio pettiboneae 

Magelonidae 
Maqelona alleni 

Poecilochaetidae 
Poecilochaetus johnsoni 

Cirratulidae 
Cirratulus cirratus 

.Cossura lonqocirrata 
Orbiniidae 

Haploscoloplos fragilis 
Paraonidae 

Aricidea suecica 
Opheliidae -

Polyophthalmus pictus 
Trayisia forbesii 

Capitellidae 
Heteromastus filiformis 

Maldanidae 
Axiothella mucosa 
Gravierella sp. 
Isocirrus longiceps 

stemaspidae 
Sternaspis fossor 

Pectinariidae 
Pectenaria qouldii 

Ampharetidae 
Amphicteis qunneri floridus 
Melinna maculata 

Terebellidae 
Lanice conchileqa 
Pista cristata , 
Terebellides stroemi 

Sabellidae 
Chone duneri 
Potamilla reniformis 

serpulidae 
Hydroides uncinata 

Hirudinia 
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Species 

Hemichordate 
Species 

Nemertean 
species cerebratulus lacteus (Leidy) 

Phoronida 
Phoronis architecta 

Platyhelminth~s 
Species ' 

Echino.derms . 
Ophiuroiqs 

Amphioplus coniortodes 
Amphiodia .. atru 

Holothuroids · · · · · 
Synaptula hydriformis 
Pentamera eu~cherrima 

Echinoid , 
tythecinus variegatus 

coelenterates 
Hydro id forms· 
Medusoid forms 
Anemones 

Chordates 
Branchiostoma ·· caribaeum 

vertebrates 
Gobiosoma spo 
Trinectes inaculatus · 
Microdesmus·1ongipinnis 
Microqobius qulostis 
Gobioides sp~ · 
Myrophis puntatus 
Gobiosoma bosci 
Pipefish 

\ 

Priapulida 
species 
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Appendix 11 - 3. Shannon - Weaver (H') diversity index values for all benthic macro-f:1.un1 
stations in the Pensacola Bay system. 

Station Total Species/Station Total Individuals/m 2 Diversity (H' I Biomass (gr. /irl- ) 

ACY 11 239.8 1. 634 0.48 
APO 9 167.7 1. 732 O.J9 
APDN 7 340.6 0.831 o .• 18 
EIIA 18 286.2 2~ 439 -0.92 
Sl:IB 21 348.7 2.483 0.25 
e11c 21 412.9 2. 11 i 0.1'.l 
EIIG 24 704. 8 1. 813 5.~6 
EA 2 5.2 0.562 0.01 
EB 4 11. 7 1. 14 9 0.03 
EBD 10 82 .o 1. 787 o. 06 
EBEA 1C 55.9 1.7118 tJ~ EBEB 13 150.6 1. 722 
EBEC 25 4271. 7 o. 95'.': 4.64 
EBBD 8 1595. 7 C. 219 0.17 
EBEi: 26 1527.0 1 • 316 0.28 
EBIIA 19 239.4 2.452 1. 17 
EBIIB 23 2411.3 2. 516 0.13 
EBEC 12 788.7 o. 5011 0.12 
EC 9 144.4 1. 390 0. 16 
ID 12 314.9 1. 486 0.10 
EE 12 593. 5 1. 275 0.34 
ESD 8 52. 0 1. 724 0.03 
ESG 23 924.2 1. 933 5.45 
GA 7 160.0 o. 779 0.04 
GA2 13 264.1 2.056 0.23 
GB 6 83.l 1. 26'.) 0.12 
GB2 22 822.3 1. 858 0.60 
GC 8 1110.5 1. 233 0.25 
GC2 1b 1916.2 ,. 20 6 O.JIJ 
GD 11 90.3 1. 871 1.62 
IA 11 10.4 1. 255 0.04 
IB 2 3.9 C.637 0.01 
IC 3 9.1 o. 796 o. 11 
ID 11 239.4 1. 30 3 1. 84 
IE 13 1553.2 1. 507 3.05 
KA 5 36.4 1. 251 0.02 
Kl! 3 42. 9 1. 680 0.21 
KC 1 7 85.9 2. 250 0.12 
Kn 19 171.7 2.269 0.25 
l<E 13 203.2 1. 9 31 0.09 
IIA 5 20.8 1. 160 0.02 
BB 2 9. 1 0.410 0.02 
IIC 11 571.2 1. 259 o.-46 
BD 1 3 1114.5 1. 075 0.0s 
ll!IA 19 361.7 1. 879 228.11 
11118 2 1 651. 9 1. 969 107., 0 
CPIC 18 135.3 2. 40 4 2. 110 
l!!ID 22 193. 6 2.357 0.09 
NES 23 774. 2 1. 3117 0.113 
DA 4 63.8 1. 13 4 0.36 
OAD2 1 3 200. l 2. l 13 1.117 
OA2 16 197.8 2.147 '.). 38 
OB 9 37.7 ,. 868 0.01 
082 17 264.1 2.196 o.~6 
DC 1 2 104. 1 1.783 0 •. 1 
OC2 21 211 • 3 2. 357 o.os 
OD 15 593.'l ,. 6'.) 4 0.25 
FBD 12 154 • ~ 1.760 0.12 
CA 5 511 • 6 o. 833 0.01 
CB 3 62. 5 O. tllC 0.03 
cc 18 257.6 2, )2') o. 91:1 
CE 11 67.7 2. 120 0.03 
SA 4 9. 1 ,. 277 0.05 
SB 3 'l. 1 0.956 o.o, 
SC 9 61. 3 1.131 0. 14 
SD 10 61 • 1 1. 600 0.05 
SDP 15 145.7 -2.'.>89 - o. 15 
NJ::S 25 77d. 1 1. 376 0.43· 
SRA 67 1781. 4 3. 005 ,.as 

'SRB 68 1937.5 2,892 2.9li 
SRC 83 1525.,J 3.,')12 0.61 
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