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FINAL REPORT
DEEPWATER PORTS MAINTENANCE DREDGING STUDY
RESULTS, INTERPRETATIONS AND RECOMMENDATIONS
PORTS OF JACKSONVILLE, TAMPA, MANATEE AND PENSACOLA
FOR THE FLORIDA DEPARTMENT OF ENVIRONMENTAL REGULATION
OFFICE OF COASTAL MANAGEMENT

EXECUTIVE SUMMARY

Chapter 81-228, Laws of Florida charges the Department of Environmental
Regulation (DER) to develop a regulatory process which provides long-term
permits for conducting maintenance dredging in deepwater ports. In order
to accomplish this goal, reliable sediment and water chemistry data on the
state's deepwater port systems are required. However, a review of the
literature and pertinent permit files, as well as discussions with permitting
personnel and port representatives, demonstrated that information on water
and sediment quality in Fiorida deepwater ports was limited, Moreover,
the existing data were often lacking in both precision and accuracy.

The "Florida Deepwater ‘Ports Maintenance Dredging Study" was conducted
to provide the data necessary to develop a regulatory process which
establishes a system of iong term maintenance dredging permits. The first
year's effort was funded under Section 306 of the Coastal Zone Management
Act and focused on the Ports of Jacksonville, Tampa, Manatee and
Pensacola. This report presents the resuits of the field progrém and also
discusses the implications of the data relative to the environmental effects

of maintenance dredging.
The field program was designed to:

1. ldentify those water and sediment quality parameters that were
potential problems at each port so that improved permitting
decisions could be made on a port-specific basis;



2. Establish procedures and quality controls which ensure reliability
and subsequently provide a framework in which consistent
data-gathering and updating efforts can be made;

3. Select sampling periods that provide scientific data on seasonal
(i.e. wet season versus dry season) variability;

4. Select sampling locations that provide useful scientific data on
port navigation systems; and

5. Develop a better understanding of the relationship between
estuarine chemical conditions at each port and the potential
effects of maintenance dredging and disposal conditions on
estuarine biota.

Triplicate water and sediment samples were collected in the navigation
systems of the four ports in the spring and fall of 1982, These samples
were analyzed for the parameters determined to be most environmentally
deleterious and for which the current "state-of-the-art" capabilities in
commercial laboratory analysis would provide accurate results. Further it
was decided to use laboratory techniques that could be readily applied for
future regulatory purposes and achieve detection limits at least equivalent
to those routinely achieved by the Florida DER laboratory. Nevertheless,
it should be noted that due to limitations on sample size and other
technical constraints, detection limits for several of the pesticide
components and PCB's were above current Florida Class Ill water quality
standards.

In the course of data interpretation several methods were utilized to
determine whether observed concentrations of heavy metals such as
arsenic, cadmium, copper, chromium, iron, lead, mercury, nickel, silver
and zinc, in both the water column and sediments, were natural or due to
anthropogenic input. In the water column, the concentrations of heavy
metals were normalized to salinity which is a conservative property of
estuarine waters and reflects the relative proportions of the two end
members of the estuarine system (fresh water and sea water). In
sediments, the ratio of a heavy metal of interest to aluminum was compared
to the same ratio in average crustal or, in those areas in which the
drainage basin 'is composed of carbonate materials, to average carbonate

em e T DY
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material, A ratio which is significantly above average may indicate
contamination,

Occasional outliers within the data base indicate that some a opogenic
input of heavy metals is occurring within the est rl/e studied,
Nevertheless, for all the metals studied except mercury,” concentrations
observed in the water column, even for outliers, were at or below state
water quality standards. (it should ailso be noted that the elevated
concentrations of mercury observed may be an analytical artifact,)

Pesticides and phenolic compounds were below detection limits in all water

samples collected during this study,

With virtually no exceptions, all observed variations in nutrients and Total
Organic Carbon can be explained by natural processes. Releases from
waste treatment plants were not causing a substantial impact on water

quality in any of the ports studied.

In eleutriate testing, the only metals which exceeded state water quality
standards were mercury and silver, This was because concentrations of
these metals were at or above state standard in the ambient water used in
the test.

It is significant to note, however, that large nitrogen releases were
observed in all sediment samples subjected to eleutriate testing. The
dispersion of these sediments, such as occurs during dredging, will lead
to the release of nitrogen as ammonia.

The results of this study indicate that maintenance dredging has not
resulted in chronic water quality problems in the Pcrts of Jacksonville,
Tampa, Manatee and Pensacola. Nevertheless, it is also apparent that
maintenance dredging can produce transient water quality impacts such as
the reiease of nutrients and oxygen - demanding substances. These
impacts -occur primarily in the disposal area and can be predicted from
studies of port sediments which include eleutriate testing as a means of
simulating the dynamic processes which occur during dredging.

Dames & oore



With respect to the development of regulations for the management of

maintenance dredging in deepwater ports, the results of this study

suggest the following recommendations:

1-

Regulations should require, in addition to sediment analyses, an
elutriate test on the sediments to be dredged. The results of
this test should estimate the release of potential pollutants so
that improvements in management practices can be made.

A reasonable monitoring program should be required during
dredging operations, not so much as to evaluate compliance as to
examine the adequacy of management practices. This would
provide additional information on the effects of dredging
which can then be used to better evaluate future operations,

Stringent requirements should be imposed on ail tests and
analyses so that data are useful for continuous re-evaluation of
environmental conditions of the harbors.

Mixing zones should be established on a site-specific basis. The
extent of the mixing zone should be based on the assimilative
capacity of the receiving waters and proximity to sensitive
areas.
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1.0 INTRODUCTION

1.1 PROJECT OBJECTIVES

Chapter 81-228, Laws of Florida charges the Department of Environmental
Regulation (DER) to develop a regulatory process which recognizes the
necessity of deepwater port maintenance dredging and provides long-term
permits for conducting these activities in an environmentally sound and
expeditious manner., Reviews of pertinent permit files and discussions with
permitting personnel, port representatives and other knowledgeable parties
have indicated that efforts to implement this legislation must remedy a
number of interrelated regulatory and technical impediments inherent in the
existing decision making process.

Among the identified regulatory impediments are the following:

- Existing regulations do not clearly distinguish maintenance
dredging, which is a continuous, but intermittent activity, from
other types of "dredge and fill" activities. This situation
inhibits the long-term management of maintenance dredging
material.,

- Existing regulations are based upon uniform statewide water
quality standards that alone may not be adequate for providing
clear guidance for certain maintenance dredging activities or
disposal site design and operation. The inability of existing
regulations to integrate smoothly environmental concerns with
port-related engineering and dredging needs fosters the repeated
use of water quality variances or other time-consuming
regulatory relief mechanisms, Additionally, existing water
quality. based standards do not allow adequate consideration of
contaminated harbor and channel sediments. In sum, the
existing system may result in project delays and uncertain
benefits to the ports and the environment.:



- Existing regulations do not secure maintenance dredging permits
that adequately address long-term disposal site operation and
maintenance, thus encouraging stop-gap solutions to maintenance
dredging problems. '

- Existing regulations do not incorporate information fundamental
to anticipating maintenance dredging and disposal activities.
This inhibits development of long-term administrative mechanisms
which consider disposal capacity, address environmental impacts,

- respond to changes in port operations, improve the efficiency of
decision making, and take advantage of new dredging and
disposal technologies.

In addition to addressing these problems, the administration of long-term
permits must be able to incorporate findings of ongoing research and
improvements in knowledge, as well as environmental changes at each port.

Solutions to the above administrative problems are closely related to
removing several technical impediments. Among the technical problems
needing to be addressed are the following:

- Insufficient information exists regarding quantities of sediments
involved, locations of shoaling areas, and physical characteristics
of material to be dredged at each port. Additionally, anticipated
methods of dredged material containment and identification of
future spoil site locations are lacking. This information is
fundamental to long-range decision making, from both an
operational as well as environmental viewpoint.

-  The paucity of reliable sediment and water chemistry data for
the navigation systems inhibits valid decisions from both a
scientific and regulatory standpoint. For example, heavy metals
data available from governmental and academic reports are
deficient in terms of precision and accuracy. Basic deficiencies
in precision sre often as simple as failure to obtain replicate
samples. or failure to record station locations and salinity.
Deficiencies in accuracy include contamination of samples either
in the field or during laboratory analysis.

- Field and laboratory procedures are inadequate for obtaining
timely and reliable information on maintenance dredging and
disposal.

To the extent possible, solutions to the regulatory and technical
impediments are being pursued through efforts of DER staff, assisted by
private consultants, Data in this report represent improvements in
obtaining and interpreting water quality and sediment information. Other
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information needs related to shoaling areas and rates, physical
characteristics of sediments, and so forth, are being addressed in a
separate study.

o

R

The present report, consisting of two volumes, inciudes results cf the
spring (dry) and fall (wet} season field programs conducted during 1982
in the . port navigation systems of Jacksonville, Tampa, Manatee and
Pensacola. These programs commenced after an assessment of
approximately ten years of water and sediment quality information related
to these systems was completed.

1.2 GENERAL ENVIRONMENTAL CHEMISTRY OF ESTUARIES

This section is presented to aid the Ireader in understanding scientific
approaches used in this study and provides an overview of various
fundamentals of estuarine chemistry which form the basis for data
evaluation and interpretation.

Regions of the ports considered in this study (channels, berths, turning
basins and disposal sites) are located in estuarine systems, In an
estuary, fresh water at the head of the estuary mixes with sea water
(generally approaching 36 parts per thousand salinity at the mouth) such
that salinity continually increases from the head to the mouth of the
estuary. The salinity at any given geographical location within the
estuary will vary with time depending on tidal variations and rainfall,

For many estuaries (particularly deeper estuaries), salinity varies not only
with time but also from surface to bottom, where denser, higher salinity
waters settle. In such a system, stratification may result in stagnant
bottom water conditions because of poor top to bottom water circulation.
In these cases, oxygen depletion occurs as a result of microbially-
degrading organic matter in bottom sediments which consume available
oxygen. This condition, however, is less likely to occur in estuaries that
are shallow and wide, allowing for good wind-driven mixing.

ooy T
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Unpoliuted fresh water runoff from uplands contains both particuiate and
dissolved matter. Natural dissolved matter includes inorganic salts from
rock weathering and organic compounds derived from terrestrial plant
detritus. For most river systems the dissolved inorganic load exceeds the
dissolved organic load (Livingstone, 1963), although, southeastern U.S.
rivers often contain more dissolved organic matter (Beck et al, 1974),
Such organic matter is composed predominantly of humic compounds that
are not easily oxidized,

The dissolved solids concentration of river waters is generally on the
order of tens of parts per million; whereas, sea water contains a thousand
times more dissolved solids than fresh water. When fresh water is diluted
with only a small amount of sea water, the bulk dissolved solid chemistry
of the resulting solution is more similar to sea water. Consequentiy, at
salinities greater than 0.1 parts per thousand the major ion chemistry of
estuarine waters is like that of sea water,

During mixing of fresh water with sea water, the considerable change in
the chemistry of these waters leads to equilibration between solid and
dissolved phases. The most drastic changes observed in the physical
chemistry of estuarine water are increases in pH and ionic strength that
are directly related to increasing salinity. lons such as Na+, Mg++, o
and 50: {which represent the major portion of the dissolved solids) are
not affected during mixing of fresh water and sea water and are said to
behave conservatively (i,e. their concentration is directly proportional to
salinity). Thus, salinity, or more appropriately its ionic constituents (i.e.,
sodium, magnesium, chloride, sulfate and other dissovled salts), is a
conservative property of estuarine waters reflecting the relative
prcportions'or‘ the two end members of the estuarine system (ie. fresh
water and sea water). These proportions effect the solubility of many
substances. In particular, increases in pH and icnic strength lead to

physical changes in particles that enhance flocculation and precipitation.
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1.2.1 Metal Concentrations in Estuaries

Metals are delivered to estuaries from the land in both solid form and in
solution. Most heavy metals such as arsenic (As), cadmium (Cd), copper
(Cu), chromium (Cr), iron (Fe), lead (Pb), mercury (Hg), nickel (Ni),
silver (Ag) and zinc (Zn) are generally transported mere in dissolved
rather than in particulate form, However, in terms of total mass, metals
may be equally distributed between the two phases in fresh water. Upon
contact with sea water, particles tend to flocculate and drop out of
suspension, Southeastern estuaries act as sediment traps, since physical
transport does not overcome the sedimentation process. '

Metals contained in particles of land origin reflect the composition of the
drainage basin from which they were derived, The composition of
continental material has been found to be very consistent (Turekian and
Wedepohl, 1961; Taylor, 1964), and many investigators use metal to
aluminum ratios to determine whether metal concentrations in particles
(either in sediments or suspended in air or water) reflect a natural crustal
origin (Duce, et al, 1976). This is an extremely useful approach to
environmental studies since aluminum is very abundant in the earth's crust
and therefore in sediments of crustal origin (i.e. estuarine sediments].
Thus aluminum concentrations are not likely to be greatly affected by
man-induced (anthropogenic) inputs. However, other metais which are
less abundant than aluminum can be enriched considerably as a result of
anthropogenic inputs.

Metals tend to be concentrated in fine grain sediments associated with clay
minerals and natural organic matter in unpolluted sediments. In natural
sediments, the ratio of a particular metal to aluminum should remain
relatively constant even though the grain size or mineralogy of the
sediment varies. Therefore, an anthropogenic input of a metal is reflected
in the metal to aluminum ratio.

Small deviations of metal to aluminum ratios from that of natural crustal
material are probably not significant, reflecting only natural variability.



Matural variability in crustal ratios can be expected to differ by as much
as one order of magnitude (i.e., a factor of ten}. However, only when
the metal to aluminum ratio of a sediment exceeds the natural variability in
crustal ratios should a sediment be suspected of being polluted. Large
deviations in metal to aluminum ratios greater than an order of magnitude,

suggest anthropogenic inputs. Such an approach is used in the discussion
of resuits,

This report employs another method for identifying antropogenic metal
inputs. Metal concentrations {and other substances such as nutrients and
TOC) in estuarine waters reflect the concentrations of the two end
members (fresh water and sea water) and processes that take place in the
water column (e.g. removal due to decreased solubility or release to
sediments). If a metal behaves conservatively (no removal or release) its
concentration will be a linear function of salinity, Even when metals are
found to be nonconservative (removed or released in mixing due to natural
processes), a consistent relationship' to salinity is observed (Windom, et
al, 1971; Waslenchuk and Windom, 1978; Boyle, et al, 1977; Eaton, 1979).
It is clear that normalizing or correlating metal concentration with salinity
provides an appropriate basis for evaluating anthropogenic influences on
water quality. Therefore, when plotted against salinity, metal
concentrations should follow a pattern, The appearance of outliers or
elevated concentrations between end members (mid-estuary maxima) in such
plots may indicate pollutant inputs to the estuary.

Although concentrations of heavy metals vary from one estuarine system to
another, these concentrations are generally low because any excess due to
local input is generally removed rapidly from the water column to the
sediments, For example, arsenic concentrations in southeastern estuaries
have been found to vary from about 0.1 to 1 ug/l* (Waslenchuk and
Windom, 1978); copper between 0.2 and about 1.0 ug /1, nickel 0.4 to

*parts per billion (ppb)
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about 1.0 ug /1, and cadmium 0,010 to about 0.100 ug /! {(Windom, et al,
1982 Windom, unpublished data). Similar concentrations were reported for
the Amazon, Boyle, et al, 1982); and the Mississippi Rivers (Boyle,
personal communication). Iron and manganese vary from over 100 ug/! to
1 mg/l (Beck, et al, 1974; Windom et al, 1971),

1.2.2 Organic Compounds in Estuaries

Whife the exact composition of organic constituents present in surface
waters is poorly known, the major portion of organic matter (both in
dissolved and particulate forms) in estuaries is derived from riverine
inputs and in situ biological production. Concentrations of these naturally
occurring organic compounds can be as high as several mg/l (Beck et al,
1974). Most natural organic compounds in rivers are refractory and
therefore do not readily oxidize under natural conditions. By comparison
however, most anthropogenic inputs are small.

Nevertheless, utilization of organic matter by estuarine microorganisms
results in oxygen consumption (i.e. oxidation). During warm periods,
natural oxygen depletion of estuarine waters may result in extremely low
dissolved oxygen concentrations, The organic matter is said to exert an
oxygen demand on the water column which is referred to as the biochemical
oxygen demand (BOD). Although the BOD of most estuarine waters is
generall-y less than 5 mg 02/l and results from the presence of natural
organic compounds, anthropogenic inputs of nutrients may lead to higher
BOD values since such inputs stimulate increased biological production.
For instance, organic matter Vtypically released from municipal sewage

treatment plants does contain readily oxidizable compounds,

Toxic organic compounds such as phenols, petroleum hydrocarbons, and
chlorinated hydrocarbons (e.g., PCBs and pesticides) have low solubilities
in natural waters. In general, these compounds accumulate in sediments
shortly after being introduced into estuarine waters. Once in the
sediments, petroleum hydrocarbons and pesticides degrade at various rates
depending on their complexity, For example, highly chiorinated pesticides
such as toxaphene, mirex, chlordane, DDT (and its break down products

i



DDE, DDA etc.) may persist for some time, PCBs are extremely stable

and exhibit little degradaticn.

1.3 OVERVIEW OF THE APPCICKT!ON OF ELUTRIATE TESTS IN
ESTIMATINC THE EFFECTS OF DREDGING AND DISPOSAL

During ‘maintenance dredging, impacts on water quality are related to the
release of materials from sediments dispersed during the operation. In
estimating these impacts prior to dredging, the potential of dredged
sediment to release pollutants or other degrading materials must be
evaluated, Substances which may be released during maintenance dredging
of estuarine sediments include toxic metals and organic compounds,
biostimulatory/inhibitory  substances (i.e. nutrients/ turbidity) and
oxygen-demanding compounds. Suspended particles themselves may exert
an oxygen demand on the water column, and ailso reduce light penetration
required by photosynthetic organisms.

The first attempt to establish a basis for evaluating the potential of a
sediment to impact water quality during dredging was made during
dredging operations in the Great Lakes (U.S. Army Corps of Engineers,
Buffalo District, 1969). Laboratory studies suggested a relationship
between the bulk chemical composition of a sediment and its biostimulatory
or toxic potential. As a resuit of this work, the U.S. Environmental
Protection Agency adopted criteria (EPA, 1975) for determining the accept-
ability of dredge spoil materials for disposal to the Nation's waters. The
criteria consisted of discrete concentrations of those constituents observed
in sediments above which, water quality degradation was predicted to
occur during dredging.

Subsequent to the adoption of these criteria a number of studies of actual
dredging and dredge spoil disposal operations demonstrated that changes
in the quality of receiving waters bore no simple relationship to the bulk
chemical composition of the sediment (Windom, 1972; May, 1974; Keely and
Engler, 1974; Windom, 1974; Windom, 1975). As a result, Keely and
Engler (1974) proposed the use of an elutriate test which consisted of
agitating an aliquot of the sediment to be dredged in a given volume of



water and measuring the amount of a substance which is released aver a
prescribed time period. Their rationale for the deveiopment of the
elutriate test was as follows: '

"...regulatory agencies faced with the legislative requirement of
establishing dredged material criteria, must strive to establish
meaningful criteria based on the best possible knowledge, and avoid
the tendency to set forth criteria that precede the current technical
state-of-the-art. Furthermore, regulatory criteria should be based on
laboratory procedures that can be performed satisfactorily in routine
testing laboratories as opposed to complicated procedures that can
only be conducted in sophisticated research-level laboratories.
Finally, in order to be equitable, the criteria should not be
prohibitively expensive,"

Ultimately, this work led to the standard elutriate test (Keeiey and Engler,
1974; Lee et al, 1975; Plum, 1981) to evaluate the suitability of dredged
sediment for open water disposal as required in Section 404 of the Clean
Water Act.

The elutriate test has met with criticism because the results are dependent
on a number of conditions (e.g. filtering, pH, and DO} that may vary
during the test, Although the test does not represent actual
environmental conditions, it does provide a more realistic estimate of
potential water quality problems than does bulk sediment analysis alone.

It is important to note that the elutriate test was not specifically designed
to evaluate water quality impacts on waters receiving effluents from
confined disposal areas. Nonetheless, the U.S. Army Corps of Engineers'
Waterways Experiment Station is presently conducting research to evaluate
predictions of contaminant levels in effluents from confinement areas using
modifications of the elutriate test (Palermo, 1982).

it may be impossible to precisely predict disposal site effluent pollutant
concentrations from results of elutriate tests, since duplication of
environmental conditions in the laboratory is difficuit. Results of Windom
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(1974), however, clearly indicate that the general direction and magnitude
of changes in effluent quality (with respect to the ambient water in which
the sediment was disposed) can be estimated from such tests. For several
study areas, high levels of- nutrients, BOD, DO and low metal
concentrations in effluents discharged from spoil disposal areas were
predicted by analyzing the aqueous phase of sediment-water suspensions
taken directly from dredge pipelines (prior to deposition in the disposal
area).

Even with the inherent problems in applying the elutriate test, it s
presently the most straight-forward, cost-effective means for estimating
material release to and impact on receiving water during maintenance
dredging. Results of elutriate tests themselves should never be used as
standards for evaluating d‘redging operations using confined disposal.
Elutriate testing can, however, serve as a basis for predicting impacts on
receiving water and for developing disposal practices during actual
maintenance dredging operations. During maintenance dredging,
predictions can be verified by monitoring disposal area effluents. The
results, in turn, can be used to modify future predictions,

1.4 SAMPLING DESIGN AND LABORATORY ANALYSIS

The purpose of the field sampling program was to address impediments
related to existing water quality and sediment data at each of the four
ports by: 1) identifying those water and sediment quality parameters that
are potential problems at each port so that improved permitting decisions:
can be made on a port specific basis; 2} establishing procedures and
quality controls that ensure reliability and subsequently provide a
framework in which consistent data-gathering and updating efforts can be
made; 3) selecting sampling periods that provide scientific data on seasonal
(wet versus dry) variability; 4) selecting sampling locations that provide
useful scientific data on port navigation systems; and 5) developing a
better understanding of the relationship between estuarine chemical
conditions at each port and the potential effects of maintenance dredging
and disposal operations on estuarine biota. While this study does not
directly examine biological and ecological conditions at each port, the



-11-

chemical information generated from this study will provide fundamental
information for future biclogical studies. Procedures developed in this
project and outlined in this report were designed to provide field and
laboratory methods that can be easily duplicated with the least probability
of sample contamination. Development of the seasonal field program is
discussed in more detail in Section 5, and a detailed description of these
methods will be presented in separate documents currently being developed
by DER.

Economics is one of the major considerations in the design of a sampling
program. Early in the development of this project, it was decided that
determination of "ambient" water quality conditions for the entire list of
parameters regulated by the State in Class 1Il Waters (Chapter 17-3, FAC)
and presented in Table 1-1 was not economically feasible. It was apparent
that even for a limited list of selected parameters, the high cost of
laboratory analysis precluded sampling with sufficient density to determine
"ambient" conditions in the estuaries since such systems are characterized
by high spatial and temporal variability. Consequently, it was decided to
limit the analysis of water and sediment samples to those parameters which
were determined as most environmentally deleterious and for which the
current "state-of-the-art" capabilities in commercial laboratory analysis
would provide accurate resuits. . It was also decided to sample the
expected extremes - the "wet season' and the "dry season” and restrict
sampling efforts to the navigation systems (e.g., the berthing areas,
turning basins and channels), An attempt was made to characterize
general conditions in the navigation systems and still secure information on
"worst case" conditions. Samples were collected in triplicate at each
sampling station in order to establish a reproducible methodology as well as
provide reproducible and defendable results. Consensus on this approach
as well as the environmental significance of various parameters and
accuracy of 'laboratory analysis, was reached in discussion with
representativeé from DER, Savannah Laboratories and Environmental
Services Inc. and the ports.
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1.4.1 Program Scheduling

In estuaries, wet and dry seasons are determined by net water availability
to stream flow which considers rainfall as the system input, with outflow
controlied by evaporation, discharge into stream flow and percolation into
deep aquifers. Sampling periods were scheduled to coincide with wet and
dry conditions by using the historical net water availability to stream flow
derived from historical mean pan evaporation and historical mean precipita-
tion. This analysis is discussed in greater detail in Section 5 and
supporting data are presented in Tables 2-3 and 2-4, Sampling was
completed during April-May and September-October, 1982 at the four
ports. The dates of sampling and observed in situ field conditions are
presented in the Appendix of this report.

1.4,2 Parameters Selected for Analysis

Parameters included in the study program were selected for the following
reasons: 1) they provided the most cost effective information on existing
water and sediment quality; 2) they were the most likely potential probiem
poiiutants in maintenance dredging and disposal operations; and 3) they
provided information useful for the interpretation of other data. The

selection of parameters is discussed in greater detail in Section 5.

Three types of sampling stations were established prior to the spring field
program:

1. "Baseline" stations were established to provide general
information on water quality and sediments in the navigation
systems. It was decided to analyze samples from baseline

stations for only those parameters which were determined to be

the most meaningful in affecting port maintenance dredging
decisions.

2.  ‘'“Intensive" stations were located at anticipated poiluted or worst
case locations. Samples from intensive stations were analyzed

for virtually all parameters noted for Class |1l waters in Chapter
17-3, FAC,
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3. "Calibration" stations were located in high salinity waters
(greater than 32 ppt) offshore from the channel entrances.
Sediment was not collected at ‘"calibration" stations. Water
samples coliected at these stations were analyzed for parameters
identical to those for "intensive" stations. "Calibration" stations
provided "clean" water used to check sampling techniques and
sample handling procedures, and assist in the interpretation of
data collected from other stations,

Parameters analyzed from samples collected at these stations are presented
in Table 1-2,

Review of data from the spring/dry season program indicated that, with
few exceptions, additional detailed water sampling in the fall/wet season
field program would not be cost effective. Consequently, the major
emphasis of the fall/wet season program was on sediment sampling and
elutriate testing.

In refining the spring program, a number of stations were established
during the fall which focused on different sets of parameters. Table 1-3
indicates those parameters analyzed from the fall/wet season stations. The
development of the fall sampling program is presented in Section 5.

1.4.3 Detection Limits of Analytical Procedures

At the onset of this project, it was decided to use laboratory techniques
that could be readily applied for future regulatory purposes and achieve
detection limits at least equivalent to those routinely achieved by the
Fiorida DER Laboratory. However, in this project, detection limits for
several of the pesticide components and PCBs were above current Florida
Class 1l water quality standards. Due to handling problems, water
samples greater than one liter in volume were not collected for organic
analysis. Thus, the size of the sample limited the detection limit for
multiple component pesticides. Nevertheless, it is doubtful that even if a
greater volume of sample was collected that detection limits as low as the
Florida Class 1ll standards could have been obtained for muitiple
component pesticides (chlordane and toxaphene) and PCBs.
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In all cases, detection limits for pesticides and PCBs were as low or lower
than those routinely obtained in the Florida DER Llaboratory, other State
environmental laboratories in the southeast, or by the EPA Regional
Laboratory in Athens, Georgia.

Information on laboratory procedures and detection limits is presented in
Section .5,

1.5 GENERAL BIOLOGICAL CONSIDERATIONS

Time and financial limitations precluded making detailed biological
investigations at each port. Consequently, only an overview of potential
biological impacts attributable to maintenance dredging and disposal
operations is presented in this report. However, numerous taxonomic and
ecological studies have been published for Hillsborough Bay.

Biological studies involve intensive spatio-temporal characterizations that
were beyond the scope of this initial data gathering effort, The resuits of
this study however, provide reliable information fundamental to future
biological investigations.

1.5.1 Potential Biological Impacts Associated With Dredging And Disposal
Operations

In order to assess potential impacts of maintenance dredging on estuarine
biota, it is necessary to consider adjacent habitats and trophic structure
of the affected area. For example, increased turbidity and suspended
solids loads will have completely different impacts on seagrass meadows and
coral reefs than on an unvegetated tidal flat. Similarly, oxidation and
redeposition of metals or toxic organic compounds may encourage
bioaccumulative processes in soft-bottom habitats that are dominated by
deposit feeders, while no such activity may occur in a differently based
trophic system. A summary of potential dredging-related impacts on
several habitats encountered adjacent to Florida port navigational systems
is given in Table 1-4, Additionally, potential biological impacts associated
with each parameter analyzed in this report is given in Section 5.
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_For the Ports of Tampa and Manatee, release of nutrients, especially
nitrogenous compounds, presents the greatest environmental concern,
Both ports receive considerable inputs of phosphorus, and thus nitrogen is
the limiting factor for biological production. Nitrogen releases (NH3 and
NO3) are readily taken up by phytoplankton and undesirable macroalgae,
and population blooms generally follow., Such events place a tremendous
Biochemical Oxygen Demand (BOD) on the water column, producing fish
and invertebrate kills as dissolved oxygen becomes depleted from the
water. Additionally, plankton blooms, which are not uncommon in
Hillsborough Bay, decrease the depth to which sunlight penetrates,
creating a decrease in the compensation point.* Thus, primary
productivity is limited to a shallower zone in the water column. Macroaigal
species also bloom and eventually cover sessile organisms (e.g., corals,
seagrasses, etc.) until they are smothered. In addition to biostimulatory
effects, several nutrients (e.qg., NH3) can be acutely toxic to estuarine
biota.

A general concern with dredging and disposal around urban areas is the
presence of heavy metals (mercury, lead, etc.) and various organic
compounds (pesticides and PCBs) in the sedimens and water column. The
greatest potential impact;_; with heavy metals and toxic organic compounds
come not necessarily from acute toxicity, but the ability of these
contaminants to become incorporated into living tissue and subsequently,
into estuarine food webs.. As a result, reproductive fitness or behavior of
the contaminated species may be altered, and a decline in population size

could follow over several generations.

* Compensation point is that point in the water column at which
photosynthetic activity and respiration are equal and usually marks

the lower limit of plankton populations.
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Estuarine biota in the Pensacola navigation system have received chronic
inputs of industriali and municipal wastes from adjacent shoreline areas.
Consequently, releases of these contaminants during dredging could
produce similar water column impacts discussed for the Ports of Tampa and
Manatee. Thus, localized phytoplankton and algal blooms can be expected
when large concentrations of nutrients are released. Additionally, TSS,
turbidity, and nutrients are a potential threat to seagrass meadows located
in Santa Rosa Sound, east of the lower portion of the navigation system.

Assessment of potential impacts of maintenance dredging and disposal on
estuarine biota along the St. Johns River are extremely difficult to
characterize due to the diversity of habitats encountered along the 24 miles
of the Port of Jacksonville navigation system. The reader should consuit
Table .1-4 for a summary of potential impacts associated with maintenance

dredging and disposal on each habitat that exists along the St. Johns
River.
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2,0 RESULTS

2,1 REMARKS ON DATA PRESENTATION

Results of the analyses of samples collected during the spring and fall
season sampling programs are presented in summary tables and discussed
on a port by port basis below. The chemical results are reported in terms
of the mean and standard deviation of three replicate samples, except for
cases in which one of the three replicate samples differed substantially.
In this case, this replicate value was rejected. In situ results (e.g., DO,
pH, turbidity etc.) represent mean values of mid-water pre-and
post-sampling measurements, Results are presented in tables which
include general physical water characteristics, organic and inorganic
sediment and water quality characteristics, as well as the grain size of
bottom sediment samples. The results of the fall/wet season elutriate tests
are also presented. Existing State Class Il water quality standards for
predominantly marine waters as listed in Chapter 17-3 of the Florida
Administrative Code have been presented with the water quality data
summaries for each port. All raw data collected during the study are
presented in Appendix A (Spring data) and Appendix C (Fall data) of
Volume 1l of this report.

2.2 PORT OF PENSACOLA

2.2.1. [Introduction

The spring/dry season field program was ‘conducted in the Port of
Pensacola on April 26 and April 27, 1982, Figures 2-1 and 2-2 indicate
the duration of the spring/dry season field program and compare observed
precipitation and net water availability to stream flow to the monthly
normal conditions. These figures indicate that the spring sampling period
did coincide with the observed dry season. In fact, rainfall was below

normal at the time of the spring sampling.

Water samples were collected in triplicate from three stations in the Port of
Pensacola during the spring/dry season field program. These locations

-
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were sampled to provide information in the vicinity of the berths
(PMNS-1A}, conditions in the main entrance channel (PNS-2B) and offshore
conditions for calibration (PMS-3C). Locations of these stations are shown
in Figure 2-3 and listed in Table 2-1.

Triplicate sediment samples were collected from two stations in the Port of
Pensacola during the spring/dry season field program: PNS-1A and at
PNS-2B. Results of grain-size analysis and Atterberg limit testing
completed on these samples are presented on Figures 2-4 and 2-5, Raw
data on grain-size analysis are presented in the Appendix, Volume II, on
Pages A-4 and A-8.

The fall/wet season field program for the Port of Pensacola was initiated on
September 21 and completed on September 23, 1982. Figures 2-1 and 2-2
indicate the duration of the fall/wet season field program and compare
monthiy normal precipitation and net water availability to the observed
conditions. The fall sampling program was scheduled to coincide with the
observed wet season in the Port of Pensacola (i.e., during the month of
highest net water availability to stream flow). Figure 2-2 indicates that
the observed wet season preceded the fall sampling program by
approximately one month. Rainfall was well above normal one month prior
to the fall sampiing period and well below normal at the time of sampling
(Figure 2-1), Data for. both the observed and historical precipitation and
net water availability to stream flow for both spring and fali sampling
periods is presented in Table 2-3 and 2-4, respectively.

Water samples were collected in triplicate from five stations in the Port of
Pensacola during the fall/wet season field program. These locations were
sampled to provide information in the port berthing areas (PNS 1A-WOE),
approach channels (PNS 4-SF) and in the main entrance channel (PNS
2B-W(0)), PNS 5-SF and PNS 6-SF). In addition, a bulk elutriate water
sample (used in testing PNS 1A-WOE sediments) was collected from Station
PNS 7-X located in the main entrance channel midway between the inner
harbor channel and the Navy turning basin. Locations of the fall/wet

season sampling stations are shown on Figure 2-6 and presented in Table
2-2,
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In the fall, sediment samplies were collected in triplicate from four stations
in the Port of Pensacola. Two stations (PNS 6-SF and PNS 5-SF) were
located in the main entrance channel. Additionally, two stations (PNS
1A-WOE, PNS 4-SF), were located in the vicinity of the berths and port
facilities to provide data on sediment quality in these potentiaily
contaminated areas. The sediment samples collected from Station PNS
1A-WOE: were used for elutriate testing. Results of grain-size analysis and
Atterberg limit testing completed on these samplies are presented on
Figures 2-7 through 2-10, Raw data on grain-size analyses are presented
in the Appendix, Volume I, on Pages C-2, C-8, C-11, and C-14,

2.2.2, Water Column

a. General Water Quality Characteristics

General physical and chemical water quality characteristics
observed at the three stations in the Pensacola Bay study area
sampled in the spring are presented in Table 2-5. Similar data
for the six stations sampled in the fall are given in Table 2-6.
During the spring sampling, there was little difference between
the salinity near port facilities (PNS-1A) and the entrance
channel (PNS-3C). All stations had similar high salinity
reflecting the lack of appreciable local fresh water runoff. The
similarity in salinity also suggests that this part of the bay is
fairly well flushed. During the fall, salinity variations between
the six stations were more substantial. This probably reflects
both tidal effects {(due to the time lapse between sampling
events) and greater fresh water runoff to the estuary. In
general, fall salinities were lower than those measured during
the spring due to fresh water runoff,

The influence of relatively low local fresh water runoff during
both sampling periods is reflected in the high transparency of
the water. During the spring program, turbidiity observed at
Station PNS-1A exceeded the ambient offshore value (PNS-3C) by
more than a factor of 4. Higher turbidity at this station

Cames & Mocre
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(PNS-1A) may have been due to the maneuvering of vessels in
the port area (see Appendix B, Page B-2). The low Total
Suspended Solids (TSS) concentrations at all three spring
sampling stations are also indicative of low runoff during the
spring sampling period. During the fall, turbidity was again
highest in the berthing area at Station PNS 1A-WOE. In addi~-
tion, all fall stations had higher turbidity than was observed at
the offshore station (PNS-3C) occupied in the spring.

Nutrients and Total Organic Carbon (TOC) concentrations were
low during the spring, commensurate with the relatively high
salinity of the water samples. As a result Biochemical Oxygen
Demand (BOD) was low as well. Dissolved Oxygen (DO) was
near saturation at all stations.

Total Kjeldahl Nitrogen (TKN) and TOC concentrations were
measured at only one station during the fali (PNS 7-X), During
the fall, TKN was about ten times higher than in spring, while
fall TOC values were similar to spring values. Except at Station

PNS 1A-WOE, DO was near saturation at all stations during the
fail, '

Metals

With the exception of nickel, the concentrations of metals in the
water column during the spring decrease from Stations PNS-1A
to PNS-3C (Table 2-7), However, with the possible exceptions
of mercury and zinc, none of the metals appear to be more than
two or three standard deviations above background observed
offshore at Station PNS-3C., Samples from Station PNS-1A
exhibited elevated mercury and zinc levels, but only mercury at
this station exceeded the State water quality standards.

The results of water sample analyses during the fall (Table 2-8)
reveal concentrations of metals similar to those observed during
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spring. Again, only mercury concentrations at Station PNS
1A-WOE exceeded the State standard.

Y

Toxic Organics o

Of the pesticides analyzed, none were found to occur in water
samples at levels above the analytical detection Ilimit during
either the spring or fall sampling periods (Tables 2-9 and 2-10,
respectively).

VWater samples collected at Station PNS-1A during the spring
were the only samples found to contain any of the phenols at
concentrations above detection limits, The compound detected
was pentachlorophenol which, while present at concentrations
above analytical detection limits, was below State standards,
Samples collected at PNS 2B-W(QO) during the fall were not
analyzed for organics since these compounds were not detected
in samples collected at PNS 1A-WCE during this sampling period.

2.2.3 Sediments

a.

General Chemistry

Sediment samples were collected from one station in the Port of
Pensacola during the spring (PNS-1A) and from four stations
during the fall (PNS 1A-WOE, PNS 4-SF, PNS 5-SF and PNS
6-SF). Sediments collected from Bay Channel (PNS 5-SF) and
adjacent to the Navy Turning Basin (PNS 6-SF) were composed
predominantly of fine sand (Figures 2-9 and 2-10). Sediments
collected near the port berthing area at Stations PNS 1A-WOE
and PNS 4-SF were composed of silty clays (Figures 2-7 and
2-8).

Of the four ports studied, sediments from Pensacola Bay
generally had the highest TOC, TKN and BOD concentrations
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(Table 2-11 and 2-12) apparently reflecting a greater input of
terrestrial or anthropogenic organic matter,

Oil and grease concentrations were measured in sediment samples
collected during the spring sampling period at Station PNS-1A,
and during the fall sampling period at Stations PNS 4-SF, PNS
5-SF and PNS 6-SF, Sediments from PNS-1A had the highest oil
and grease concentrations; moreover concentrations at this
station were higher than concentrations observed in any
sediments collected at the other ports,

Since organic matter is generally around 50 percent carbon, an
estimate of the total organic matter in sediment can be made by
multiplying TOC by two. Based on such an estimate, oil and
grease in Pensacola sediments accounted for only a few percent
of the total organic matter (i.e. 2.8 mg oil and grease + (2x94)
mg TOC at PNS-1A),

Total phosphorous (only measured on spring samples) occured at
around 0.1 percent in the sediments. Phosphate accounted for
from one to about two thirds of the total phosphorous.

Metals

Metal concentrations in sediments collected from Pensacola are
given in Table 2-13 (spring) and Table 2-14 (fall)., Concentra-
tions of all metals in sediments decrease with distance from the
port to the Gulf along Bay Channel. Sediments coliected from
PNS-1A during spring and PNS 1A-WOE (fall) have the highest
concentrations of metals while those collected at PNS 6-SF have
the lowest metal concentrations. Sediments at the latter station,

however, are composed of coarser grain material.
As discussed earlier (Section 1.2.1) metal to aluminum ratios

provide a good basis to evaluate metal pollution in sediments,
For natural unpolluted sediments it is well known that metals
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tend to be more concentrated in fine sediments rather than
coarse, since the former are dominated by clay minerals which
are enriched in metals. Normalizing metal concentrations to
aluminum allows an evaluation of whether differences between
metal concentrations are due to natural or anthropogenic

processes.

The abundance of most metals in continental crustal material have
been fairly well determined (Turekian and Wedepohi, 1961;
Taylor, 1964). Sediments delivered to coastal areas by river
systems that drain typical continental areas should have similar
metal to aluminum ratios. This should be the case for Pensacola
Bay, since most of the sediments here are derived from the
Southern Appalachién and Piedmont provinces.

The comparison of metal to aluminum ratios for sediments
collected in Pensacola Bay with the ratios for average crustal
material (Table 2-15), suggest that, with the exception of
cadmium and silver, all sediments, except those collected from
the berthing area (PNS-1A), have ratios similar to average
crustal material. Because of their coarse grain nature and low
metal concentrations, ratios in sediments from PNS 6-SF are not
unexpected, Metal to aluminum ratios in PNS-1A sediments,

however, do indicate significant metal pollution.

Toxic Organics

The only organic compounds detected in sediment samples
collected from the Port of Pensacola were chlordane and
pentachiorophenol, observed in samples collected during the
spring at Station PNS-1A (Table 2-16). Chlordane was detected
in two of the replicate samples collected at Station PNS-1A and
pentachlorophenol was detected in all three replicate samples.
No organic compounds were detected in sediments collected
during the fall (Table 2-17).
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2.2.4 Elutriate Tests

Only sediments from Station PNS 1A-WOE were subjected to elutriate tests
(using water from Station PNS 7-X}. The results of these tests (Table
2-18) indicate releases of metals which increase metal concentrations in the
elutriate water by no more than a factor of approximately two above test
water. . The only exception is iron which increased concentration in the
ambient elutriate test water by a factor of three or more. This is
probably due to metastable ferrous iron release which would probably
decrease rapidly if the elutriate test period were extended (Windom, 1974).

TKN concentration in the elutriate water increased by an order of
magnitude over ambient during the test. This is probably due to ammonia
release. Increases in TOC concentration were less than 50 percent.

2.2,5 Summary of Results and Potential Water Quality Problems

With respect to Florida -Water Quality Standards, all metal levels in the
water column are low in Pensacola's major navigation systems. The only
exception is mercury at the station located in the berthing area which has
concentrations exceeding the standard by 0.02 to 0.05 g/l. These higher
values may be a result of an analytical artifact which will be discussed in
more detail in Section 3 of this report. Concentrations of most organic
compouhds in the water column were below analytical detection capabilities,
which, in some cases, were higher than the water quality standard (see
Section 1.4.3). All phenolic compounds, except for pentachlorophenol,
were below detection limits and standards. All the pesticide concentrations
were below detection capabilities, although these limits were as much as a
factor of ten above the State standard. PCBs were not observed, but the
detection limit was considerably higher than the standard.

Although it cannot be stated with certainty that the water quality in the
navigation system of Pensacola Bay meets the State standards for
pesticides and PCBs, it is not likely that these substances represent a
particularly significant potential problem during dredging activities. This
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cenclusion is based on the low levels of these materiais observed in
sediments, and in the water column.

The sediment data from Pensacola indicate that metals generally would not
be expected to create a water quality problem during maintenance
dredging. The only possible exceptions are cadmium and silver which
appear elevated (with respect to average crustal material) in all sediments.
Nevertheless, elutriate tests on sediments from PNS 1A-WOE (observed
worst case sediments), indicated that substantial amounts of metals would
not be released during dredging. In fact, the resulting elutriate test
water still met State water quality standards.

The relatively. high organic matter and nutrient concentrations of the
bottom sediments, even though they are of natural origin, appear to
represent the most likely source of potential water quality problems during
maintenance dredging. The results of the elutriate tests, which indicate
the potential of bottom sediments to release large amounts of nitrogen,
support this conclusion.

2,3 PORT OF TAMPA

2.3,1 Introduction

Spring/dry season field sampling was conducted in Port of Tampa from May
10, 1982 through May 14, 1982, Figures 2-11 and 2-12 indicate the
duration of the spring/dry season field program and compare observed
precipitation and net water availability to stream flow to the monthly
normals for this period. These figures indicate that aithough precipitation
was above normal during the sampling period, (Figure 2-11), the program
did coincide with the observed dry season as evidenced by the net water
availability to stream flow during the spring sampling period (Figure
2-12). Data for both the observed and historical monthly normal rainfall
and corresponding net water availability to stream flow are presented in
Tables 2-3 and 2-%, respectively.
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Water sampies were collected in triplicate from seven stations in Port of
Tampa during the spring/dry season field program. These locations were
sampled to provide water and sediment quality infcrmation on conditions
within Port of Tampa at East Bay (TPA-6B) and the Garrison Turning
Basin (TPA-1A), conditions adjacent to two spoil disposal areas (TPA-5B
and TPA-2A), in Big Bend Channel (TPA-3B), and in the Alafia Turning
Basin (TPA-4B). A calibration station (TPA-7C) was located approximately
five miles offshore of Mullet Key. The locations of these stations are
shown on Figures 2-13, and listed in Table 2-1,

Sediment samples were collected in triplicate from all stations in Port of
Tampa except the offshore water calibration station (TPA-7C). The
results of grain size analysis and Atterberg limit testing compieted on
these samples are presented on Figures 2-14 through 2-19., Raw data on
grain size analysis are presented in the Appendix on Pages A-14, A-18,
A-22, A-16, A-31 and A-35,

The fall/wet season field program for. the Port of Tampa was initiated on
September 10 and continued from September 12 through September 17, 1982
(see Appendix D, Volume 2)., Figures 2-11 and 2-12 present the duration
of the fall/wet season field program and compare monthly normal
precipitation and net water availability to observed conditions. These
figures indicate that precipitation (Figure 2-11) was well above normal
during the fall sampling period. Net water availability to stream flow
(Figure 2-12) was also well above normal during the fall sampling period
indicating that the fall sampling program did coincide with the end of the
observed wet season. Data for both the observed and historical monthly
rainfall and net water availability to stream flow are presented in Tables
2-3 and 2-4, respectively.

Water samples were collected in triplicate from eleven stations in Port of
Tampa during the fall sampling program. Station locations are shown on
Figure 2-20 and listed in Table 2-2. Selected locations were sampled to
provide water quality information within the Port of Tampa at East Bay
(TPA 6B-WOET), Garrison Channel (TPA 1A-WET(0)), and at Hookers
Point (TPA 12-SFT); the Alafia River Channe! (TPA 4B-WT(0) and TPA
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5B-WT(0)), Big Bend Channel (TPA 10-SFT and TPA 3B-WT(0)), at Port
Sutton (TPA 8-SFT), Hillsborough Channel (TPA 11-SFT and TPA 9-SFT)
and adjacent to a dredge spoil disposal island (TPA 2A-WT(0)). In
addition, a bulk water sample for elutriate testing was collected in
Hillsborough Bay (TPA 13-XT) for elutriate testing of sediments collected
from Garrison Channel and East Bay.

Triplicate sediment samples were collected from seven stations in the Port
of Tampa during the fall program: three stations within the Port at East
Bay, Hookers Point and Port Sutton Channel TPA 6B-WOET, TPA 12-SFT
and TPA 8-SFT, respectively); two stations in Hillsborough Bay (TPA
11-SFT and TPA 9-SFT) and from one station in Big Bend Channel (TPA
10-SFT). Sediments coilected from Station TPA 6B-WOET (East Bay) and
TPA 1A-WET(0) (Garrison Channel) were used for elutriate testing. The
results of grain size analysis and Atterberg limit testing are presented on
Figures 2-21 through 2-27, Raw data on grain size analysis are presented
in the Appendix on Pages C-18, C-26, C-31, C-34, C-37, C-40 and C-43,

2.3,2 Water Column

a. General Water Quality Characteristics

Tables 2-19 and 2-20 summarize the physical and chemical water
quality characteristics at the sampling stations in Tampa Bay.
During the spring, the observed salinity range was from 26 to
35 parts per thousand (ppt). Salinities during the fall ranged
from 19,5 to 25 ppt, excluding the offshore calibration station
(TPA-7C) sampled only during the spring.

The range in pH observed during both sampling periods was
small (7.3 to 8.4). The pH of more organically rich estuaries
(e.g., Pensacola) may vary from less than 6 to as high as 8.2.
A pH of 7.4 recorded during the spring for the highest salinity
station (TPA-7C) is probably incorrect due to instrument error.
An initial pH value of 6.8 was recorded for TPA-7C, whereas the
final recorded pH was 8.0 (all pH values presented in Tables
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2-19 and 2-20 are means of mid-water pre- and post~sampling
readings).

During the spring, DO -concentrations of Tampa Bay waters were
generally low when compared to that observed at the calibration
station (TPA-7C) outside the Bay. Water column DO profiles
showed a gradient of decreasing concentration from surface to
bottom (see Appendix B, Volume 2). This suggests that the
bottom sediments are probably a sink for DO. BOD
concentrations in the water column do not appear to be high
enough to account for the low DO readings.

Instrument problems, which appear to be due in part to radio
wave interference in the Tampa area (Fehring, personal
communication) precluded complete DO sampling at all stations
during the fall, DO was collected at only 5 of the 12 Tampa
stations., DO observed at these stations was similar to that
observed during the spring.

Total Suspended Solids concentrations (i.e., TSS measured as
total filterable residue) measured only during the spring, were
variable but generally high in Tampa Bay as compared to
offshore station TPA-7C. Judging from the Total Organic
Carbon (i.e., TOC) values of the spring water column, the
suspended solids are also rich in organic matter. For example,
assuming that all the TOC at Station TPA-3B (located in Big
Bend Channel) is associated with suspended solids and that the
total organic matter is equal to twice the TOC (i.e. organic
matter = approximately 50 percent carbon), it would appear that
these solids are almost compietely organic.

Turbidity measured during both sampling periods was similar,

varying trom around 2 to 17 NTUs. Turbidity of offshore
waters at Station TPA-7C, measured about 1 NTU,
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Nutrient concentrations were generally low in the areas sampled
within the navigation systems in Tampa Bay and are relatively
similar to levels observed in samples collected offshore at Station
TPA-7C. Ammonia and nitrate concentrations appear to be
highest, as suspected, at Station TPA-1A (located in the
Garrison Turning Basin) when compared to observed concen-
trations at all other staticns. Most of the phosphorous is in the
form of phosphate in Tampa Bay waters, whereas offshore
(TPA-7C) phosphorous is predominately in another form,
possibly organic.

Only samples from station TPA 13-XT were analyzed for
nutrients during the fall. Nutrient levels observed at this
station were similar to those observed among stations during the
spring.

Metals and Fluoride

Results of metal analyses for water samples collected in Port of
Tampa are listed in Tables 2-21 and 2-22. During the spring,
all three replicates from Garrison Channel, Station TPA-1A, were
at the laboratory's detection limit for mercury, which is
equivalent to the State standard of 0.1 ug/l.  The concentration
of metals in all the other water samples collected from the
navigation system during the spring were below the State
standard.

Mercury levels above State standards were observed during the
fall at Stations TPA 1A-WET(O), TPA 3B-WT(O), TPA 6B-WOET,
TPA 8-SFT and TPA 10-SFT. As discussed in Section 4.1,
these high values are suspected to be the result of analytical
artifact. Results of all other metal analyses on water samples
collected in Port of Tampa in the fall were below State
standards.
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Concentrations of metals and fluoride at Station TPA-7C
(collected in the spring) are at levels which would be expected
for uncontaminated coastal waters. Because salinities at other
stations within the Bay are not substantially lower than salinity
observed offshore, metal concentrations at Station TPA-7C can
be used as a comparison to judge the degree to which
Hillsborough and Tampa Bay waters are polluted.

Toxic Organics

In all water samples collected in the Port of Tampa during both
seasons, all pesticides and PCBs (analyzed during the spring
program only) were below analytical detection limits (Tables 2-23
and 2-24), Phenol levels were below detection limits in samples
from all stations except those collected at TPA 6B-WOET in the
fall (Tables 2-23 and 2-24), where 2-Chlorophenol was detected
in all replicates at levels above State standards (see page C-28
of Volume 2).

Radium 226

During the spring, results of water samples analyzed for radium
226 at Station TPA-4B exhibited concentrations below the State
standard, Radium 226 was detected in only one of the three
replicates (see page A-27, Volume 2).

2.3.3 Sediments

a.

General Chemistry

In general, sediments sampled in the navigation system (Figures
2-14 through 2-19 and Figures 2-21 through 2-27) are poorly
sorted sandy clays and silts. Finer grained sediments were
found at Stations TPA-4B and TPA-5B which have the highest
clay fractions.
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With several exceptions, sediments are not rich in organic carbon
(Table 2-25)., TOC concentrations observed in spring sediment
samples ranged from 0.8 percent (TPA-2A, adjacent to spoil
disposal area D-2 in Hillsborough Bay) to an unnaturally high
TOC value of 4.1 percent (TPA-4, in the Alafia River Turning
Basin). TOC was approximately 2.0 percent at all other spring
stations while fall TOC values were less than 1.5 percent at each
station. Lowest values were observed in sediments collected at
Stations TPA 6B-WOET and TPA 8-SFT. These TOC wvalues
appear to be considerably higher than values reported for other
port areas (Savannah Labs, personal communication).

Nitrogen in all sediment samples collected from Tampa is probably
organically bound since nitrate concentrations are low and TKN
varies directly with TOC (Figure 3-1). The mean nitrogen to
carbon ratio for Tampa Bay sediments (both seasons) is 0.13,
This ratio is similar to TKN to carbon ratios in naturally
occurring proteins. Thus the organic matter in the sediments is
due largely to the natural decay of estuarine life and not
pollution, Most of the phosphorous in sediments is associated
with phosphates.

The five-day biochemical oxygen demand (BODS) of Tampa Bay
sediments collected in the spring ranges from about 1.1 gOZ/Kg
at Station TPA-2A to about 6.3 gOZ/Kg at Station TPA-4B, BOD
varies directly with TOC,

Oil and grease (Table 2-25 and 2-26) was detected in a few
sediment samples collected in Tampa Bay. Since organic matter
is generally around 50 percent carbon, an estimate of the total
organic matter in sediment can be made by multiplying TOC by
two. The observed concentrations are about 10 percent of the
TOC values, sugyesting that oil and grease represent only about
five percent of the total organic matter in sediments sampled.
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Metals and Fluoride

The sediment sample containing the highest metal concentrations
during the spring was collected from Garrison Channel at Station
TPA-1A (Table 2-25). Samples collected during both seasons

. from other stations in close proximity to port facilities (i.e.

Stations TPA-3B, TPA-4B and TPA-6B) also had high metal
concentrations (Tables 2-25 and 2-26). Samplies collected in
Hillsborough Bay (Stations TPA-2A and TPA-5B (both adjacent
to spoil disposal areas)) had the lowest concentrations,

Table 2-29 compares the metal to aluminum ratios for the Port of
Tampa sediment samples to the natural crustal ratio and to ratios
for carbonate rocks for each metal. Carbonate ratios are more
appropriate for comparison of metal to aluminum ratios since
drainage into Tampa Bay is from a carbonate terrain. Some
portion of the excess metal may be associated with the
phosphates but most is probably associated with organic matter,
Compared to natural crustal material or carbonate rocks, cadmium
appears to be enriched in all sediments, in some cases by more
than two orders-of-magnitude.

Using the carbonate ratios as a basis for evaluation, sediments
from Station TPA-2A appears enriched in silver. All sediments
appear enriched for mercury. With the exception of those
collected from Garrison Channel (TPA-1A), few sediments are
enriched in any of the other metals by more than a factor of ten
(see Table 2-29).

Fluoride to aluminum ratios of sediments collected in the spring
varied from about four at Station TPA-5B to 17 at Station
TPA-4B in the Alafia River. Both the crustal ratio and
carbonate ratio are about 8 (see Table 2-29). Although there is
probably some enrichment of fluoride associated with phosphates,
it is not statistically significant.
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c. Toxic Organics

Almost none of the sediment samples collected from the Tampa
study area had detectable concentrations of either pesticides or
phenolic compounds (Tables 2-30 and 2-31), One sediment
replicate from Stations TPA-4B showed a trace of DDE.

« Sediments collected from Staticn TPA-6B showed traces of
chiordane.

d. Radium 226
During the spring, sediment examined for Radium 226 exhibited
concentrations that were below the detection limits (see page

A-27, Volume 2),.

2,3.4 Elutriate Tests

Elutriate tests were conducted on sediments collected from two stations
within the Port of Tampa (TPA TA-WET(O) and TPA 6B-WOET). Cadmium,
chromium, nickel and silver increased to more than twice ambient in the
elutriate test water (T'ablt_e 2-32). Both siiver and mercury concentrations
exceeded State standards in the elutriate test water by a factor less than

two.

Large releases of nitrogen were observed from sediment samples collected
from Stations TPA 1A-WET(O) and TPA 6B-WOET. Because a similar
increase in ammonia was also observed (85 and 111 times nitrogen levels in
test water), most of the nitrogen released during these elutriate tests
appears to be in the form of ammonia.

2.3.5 Summary of Results and Potential Water Quality Problems

Sediments collected in the navigational system were not particularly rich in
organic matter and nutrients. Some metals, (cadmium, mercury and

silver,) were however, enriched in sediments at stations located along the
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shoreline and influenced by urban run-off (Stations TPA-1A, TPA-38B,
TPA-4B and TPA-6B). Other metals were slightly enriched at a number of
stations judging from the fact that their ratio to aluminum was less than a
factor of ten above natural values (Table 2-29).

The concentrations of all metals analyzed in the water column were at or
below State water quality standards. The only exception was mercury at
Station TPA-1A during the spring and five stations during the fall. As
was the case in the Port of Pensacola, pesticides and phenolic compounds
were below detection limits yet could be slightly above the standards.
However, results of sediment analyses suggest that toxic organic pollutants
do not represent a serious potential problem in relation to maintenance
dredging.

Dissolved oxygen (DO} appears to be a chronic water quality problem
based on the results of this study and others (Fehring, 1982, personal
communication, and DER permit files). Cbserved concentrations rarely
approach saturation. Although the Biochemical Oxygen Demand (BOD) of
the water and sediments do not appear excessive, oxygen consumption
(i.e. depletion) during maintenance dredging must be considered as a
potential water quality problem in Tampa Bay. This is especially true
given the large concentrations of nitrogenous compounds that were released
during the elutriate test for TPA 1A-WET(O) and TPA 6B-WOET sediments.

Results of the elutriate tests suggest that in addition to mercury, silver
may represent a potential water quality problem during maintenance
dredging. Concentrations of both mercury and silver exceeded State water
quality standards in the elutriate test water. Nevertheless, judging from
the elutriate tests, nitrogen released from sediments during maintenance
dredging potentially represents the most serious water quality problem,
Consequently, increased BOD can be expected to depress DC concentra-
tions in the water column as plankton and microalgal species respond to
elevated nitrogen levels.
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2.4, PORT MANATEE

2.4,1. Introduction

The spring/dry season field program for Port Manatee began and was
completed on May 11, 1982. Figures 2-28 and 2-29 indicate the duration of
the spring field program and compare the observed to monthly normal
precipitation and net water availability to stream flow at the time of
sampling. Although rainfall was above normal (Figure 2-28), the net water
availability to stream flow indicates that the field program did coincide with
the observed '"dry season"” as shown in Figure 2-29. Data for the
observed and historical monthly normal precipitation and corresponding net
water availability to stream flow are presented in Table 2-3 and 2-4,
respectively,

Triplicate water samples were collected from two stations in Port Manatee
during the spring/dry season field program. These locations were sampied
to provide information in the vicinity of the berths (MAN-1A) and
conditions in Port Manatee Channel (MAN-2B). The locations of these
stations are shown in Figure 2-13 and presented on Table 2-1, The Port
of Tampa Station TPA 7-C served as the calibration station for Port
Manatee.

Triplicate sediment samples were collected from both stations in Port
Manatee during the spring. The results of grain size analysis and
Atterberg limit testing are presented on Figures 2-30 and 2-31. Raw data
on grain size analyses are presented in the Appendix on Pages A-41 and
A-15,

The fall/wet season field program for Port Manatee was conducted from
September 21, 1982 through Scptember 23, 1982, Figures 2-28 and 2-29
indicate the duration of the fall/wet season sampling period and compare
observed to historical monthly precipitation and net water availability to
stream flow. These figures indicate that above normal conditions occurred

at the time of fall sampling and further imply that the faill sampling
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program did coincide with the observed wet season at Port Manatee. Data
on the observed and historical precipitation and net water availability to
stream flow for the fall sampling period are presented in Tables 2-3 and
2-4,

Water samples were collected in triplicate from three stations during the
fall. These locations were sampled to provide information on the port
berthing area (MAN 1A-WET(0)), Port Manatee Channel (MAN 2B-WOT) and
adjacent to a dredge spoil disposal area (MAN 3-SFT). A bulk water
sample for elutriate testing was collected from Tampa Station TPA 13-XT
for elutriating MAN 1TA-WET(O) sediments. The locations of the fall/wet
season sampling stations for Port Manatee are depicted on Figure 2-20 and
presented in Table 2-2,

Triplicate sediment samples were collected from two stations in Port
Manatee during the fall sampling period. Samples were collected from the
berthing area (MAN TA-WET(0)) and adjacent to a spoil disposal area (MAN
3-SFT). Sediment coilected from the berthing area was used for elutriate
tests. The results of grain size analyses and Atterberg limit testing
completed on these samples are presented on Figures 2-32 and 2-33. Raw
data on grain size analyses are presented in the Appendix on Pages C-47
and C-53,

2.4.2, Water Column

a. General Water Quality Characteristics

The genera! water quality of samples collected in Port Manatee
(Tables 2-19 and 2-33) is similar to that of samples collected in
Port of Tampa. In the spring both Mznatee stations had a
salinity of 3% ppt, somewhat higher than at stations in the
Tampa study area. Fall salinities were lower than spring,
ranging from 28 to 30 ppt. Turbidity, DO, BOD, TOC, TSS and
nutrient concentrations, however, were in the same range as
those observed for the Port of Tampa samples. While pH values
appear to be lower at Station MAN-2B during the spring than at
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the Tampa stations, there appears to be no apparent reason for
this value. (An instrument malfunction or erroneous calibration
is a possible explanation, since all other stations sampled in Port
Manatee had pH values consistent with values determined in
Tampa Bay.)

Metals and Fluoride

Metal concentrations in samples collected in Port Manatee during
both seasons are generally low suggesting no local inputs
(Tables 2-21 and 2-34), Fluoride in water samples is below
State standards and appears to be at natural concentrations.

Toxic Organics

Pesticides ‘and phenolic compounds were below detection in all
water samples collected for Port' Manatee during both seasons
(Table 2-23 and 2-35).

2.4.3 Sediments

General Chemistry

Grain size of sediments in Port Manatee is similar to those of
Tampa Bay. They are best classified as sandy silts and clays
(Figures 2-30 through 2-33). The range of TOC concentrations
in the Port Manatee sediments is similar to that of sediments
coilected from the Port of Tampa (Tables 2-25 and 2-36). BOD
concentrations of Port Manatee sediments (only measured on
samples collected during spring) were, however, considerably
higher than those of samples collected in Port of Tampa,
especially from Station MAN-2B. This high BOD concentration
appears to be associated with large TKN concentrations
suggesting that the most readily oxidizable organics in the
sediments are nitrogen rich.
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With these exceptions, the general chemistry of sediments
collected in Port Manatee are similar to that of the Tampa
sediments, ‘

b. Metals

« The comparison of metal to aluminum ratios of Port Manatee
sediments to that of average crustal material and carbonate rocks
(Table 2-37) indicates that silver, zinc, cadmium, chromium and
mercury concentration in sediments collected at Station MAN-1A
may be enriched, Metal to aluminum ratios exceed ratios in
natural material by more than a factor of ten. In addition,
cadmium, and mercury appears enriched in sediments collected at
Station MAN-2B.

¢c. Toxic Organics

None of the toxic organic compounds analyzed were present in
Port Manatee Sediments at detectable levels (Tables 2-28 and
2-39).

2.4.4 Elutriate Tests

Sediments collected from Station MAN 1A-WET(O) were subjected to
elutriate testing. Results {Table 2-40) indicate that silver exceeded the
State water quality standard in the elutriate. All other metals increased in

the elutriate by a factor of about two or less above the elutriate test
waters. ‘

TKN concentrations increased in the elutriate by a factor of 45 greater
than background values mesured in test water collected at TPA-13X (Table
2-40), This increase is clearly due to ammonia released from MAN
1A-WET(O) sediments, which increased 95 times above the elutriate test
water. These values are comparable with elutriate results obtained for
TKN and ammonia at TPA 1A-WET(O) and TPA 6B-WOET and further
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emphasize the potential probiems of nitrogen release during dredging and
disposal operations.

2.4.5 Summary of Results and Potential Water Quality Problems

Neither sediment nor water samples coliected from Port Manatee contained
detectable toxic organic compounds., Sediment samples collected in Port
Manatee had no detectable levels of the organic compounds analyzed.
Therefore, it can be concluded that organic pollutants are not presently a
major potential water quality problem with respect to maintenance dredging
activities,

Although metals in the water samples from Port Manatee were not detected
at levels exceeding State water quality standards, the sediment data
indicate that cadmium and silver may present potential water quality
problems during maintenance dredging. Other metals appear to occur at
natural levels when compared to average crustal material carbonate rocks.

Elutriate tests suggest that silver and mercury are the only potential metal
problems during maintenance dredging, while nitrogen compounds released
during dredging and disposal operations could produce biostimulatory
effects in the water column.

2.5 PORT OF JACKSONVILLE

2.5.1 Introduction

The spring/dry season field program was conducted in the Port of
Jacksonviile from April 29 through May 4, 1982, Figures 2-34 and 2-35
indicate the duration of the field program and compare the observed
precipitation and net water availability to stream flow to monthly normal
conditions. Inspection of these figures indicates that although the
observed rainfall was higher than that typically observed during the
months of April and May (Fig. 2-33), net water availability to stream flow
confirms that the field sampling did coincide with the observed dry season
(Fig. 2-35), Data for the observed and historical precipitation and
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corresponding net water availability to stream flow are presented in Tables
2-3 and 2-4, respectively.

Water samples were collected in triplicate from nine stations in the Port of
Jacksonville during the spring/dry season. The locations of these stations
are depicted on Figures 2-36 and 2-36A, and in Table 2-1, These
locations were selected to provide information in the vicinity of Jacksonville
Shipyards (JAX-2A), Talleyrand Docks and Terminals (JAX-3A), Blount
Island Terminal (JAX-6A) at the confluence of Trout River with the St.
Johns River (JAX-5B), at the confluence of Long Branch Creek with the
St. Johns River (jJAX-4B), and at previously used or existing dredge spoil
disposal sites near Bucks lIsland (JAX-8B) and adjacent to Quarantine
Island (JAX-7A). An upstream calibration station (JAX-1B) was located in
Godby's Lake to provide low salinity control while another calibration
station (JAX-9C) was located offshore to provide a high salinity endpoint
(See Figure 2-36A).

Sediment samples were collected in triplicate from seven stations in the
Port of Jacksonville during spring sampling. Sediment was not collected at
the offshore calibration station (JAX-9C) and due to the nature of the
bottom material, only one sediment sample was collected at Station JAX-88
(see Appendix, page B-68)., The results of grain size analysis and
Atterberg limit testing are presented on Figures 2-37 through 2-44., Raw
data on grain size analysis are presented in the Appendix on Pages, A-49,
A-53, A-57, A-61, A-65, A-69, A-73 and A-77.

The fall/wet season field program for the Port of Jacksonville was
conducted from September 25 through Octocber 10, 1982, Figures 2-34 and
2-35 show thé duration of the fall field program and compare the observed
precipitation and net water availability to normal monthly conditions.
These figures indicate that rainfall and net water availability were both
above normal during the fall sampling period and suggest that the fall
sampling program did coincide with the observed wet season at the Port of
Jacksonville, Data on the observed and historical monthly normal
precipitation and net water availability to stream flow are presented in
Tables 2-3 and 2-4, respectively.
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During the fall sampling program, water samples were collected in triplicate
from twelve stations in the Port of Jacksonville, These locations were
sampled to provide additional information on water quality in the St. Johns
River at Commodore Point (JAX 10-SFJj), Talleyrand Docks and Terminals
and the Terminal Channel (JAX 15-WEJ, JAX 3A-FWE(0) and JAX 17-S), at
the confluence of the St. Johns River with Long Branch Creek (JAX 16-S
and JAX u4B-WJiT(0)), at the confluence of the St. Johns River with the
"Trout River and Dunn Creek (JAX 5B-WJ(0) and JAX 11-SFJ,
respectively), near Blount Island Terminai (JAX 7A-WOJ and JAX 13-SFJ},
in Blount Island Channel (JAX 12-SFJ) and near existing or previously
used dredge spoil disposal sites at Quarantine Island (JAX 6A-WJ(0), and
near Bucks Island (JAX 8B-WJ(0)). In addition, a bulk water sample for
elutriate testing was collected in the St. Johns River at its confluence with
Drummond Creek (JAX m-X). The locations of the fall/wet season
sampling stations are shown on Figure 2-45 and presented in Table 2-2,

Triplicate sediment samples were collected from eight stations in the Port
of Jacksonville to more accurately depict sediment quality near Blount
Island (JAX 13-SFJ and JAX 12-SFJ), near the confluencevof the St. Johns
River with Dunn Creek and Long Branch Creek (JAX 11-SFJj and JAX
16-5) and in the Terminal Channel (JAX 3A-FWE(0), JAX 15-WEJ, JAX
17-S and JAX 10-SFJ), Sediments collected from Stations JAX 3A-FWE(0)
and JAX 15 WEJ, both located in the Terminal Channel, were used for
elutriate testing. The results of grain size analysis and Atterberg limit
testing are presented on Figures 2-45 through 2-52. Raw data on grain
size analysis are presented in the Appendix on Pages C-56, C-66, C-70,
C-73, C-77, C-81 and C-83,

2.5.2 Water Column

a. General Water Quality Characteristics

Of all the ports studied, only Jacksonville is directly influenced
by a major river discharge and therefore, a large range in
salinity is observed, During both seasons the observed salinity
ranged from around five parts per thousand at wupstream
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stations, to around.30 parts per thousand at the most seaward
station (Tables 2-41 and 2-42), Thrcughout this salinity range,
pH values varied from about 7.3 to 7.4 at the least saline
stations to values of 7.6 to 8.2 at the higher salinity stations.
This is a typical range in pH for southeastern estuaries.

Dissolved oxygen varied between 5.2 and 7.4 mg/! during the
spring and between 4.9 and 7.9 mg/l during the fall. The
highest DO values however, are generally found at either end of
the estuary; 7.4 mg/l at Station JAX-1B and 6.9 mg/! at Station
JAX-9C. This spring pattern of higher DO values at endpoints
of the estuary is not reflected in BOD values which were found
to be rather uniform throughout the stations sampled in the
spring. DO values obsefved at estuarine endpoints during the
fall program were 7.3 mg/l at Station JAX 10-SFJ near
Commodore Point and 6.2 mg/i at Station JAX 8-WJ(0) near
Bucks lIsland.

Turbidity was generally uniform throughout the estuary during
the spring. Observed values ranged from about 10 to 17 NTUs,
compared to an value of 3.2 NTUs at offshore Station JAX-9C.
Turbidity measurements during the fall were lower than the
spring with fall values ranging from about 4 to 10 NTU's. The
observed turbidity at Station JAX 3A-WEJF(Q), however, was 28
NTU's. Total Suspended Solids (measured only during the
spring) ranged from 26 to 85 mg/l. Turbidity in the Port of
Jacksonville was the highest of any port studied.

TOC concentrations measured during the spring decreased with
increasing salinity and appear to represent conservative mixing
of river-derived organic water with sea water. To a first
approximation, TKN and total phosphorous follows a similar
trend. Nutrient concentrations in waters of the Port of
Jacksonville are higher than those of the other ports, reflecting
the importance of riverine inputs.
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b. Metals

Mercury concentrations were observed above detection limits (and
slightly above state water quality standards) at two stations
during the spring (JAX-1B and JAX-2A) and at six stations
during the fall (Table 2-44), At all other stations,

¢+ concentrations were 0.1 ug/l. During the spring, cadmium,
iron, copper, nickel, zinc and lead concentrations generally
decrease with increasing salinity, suggesting river transported
metals are conservatively diluted with sea water. This trend is
not as apparent in data collected during the fall. While results
from the spring indicate no apparent local anthropogenic inputs,
the fall results are ambiguous. Nonetheless, with the exception
of mercury none of the metals exceed State standards,

c. Toxic Organics

None of the samples collected during either season contained
detectable levels of pesticides or phenclic compounds (Table 2-45
and 2-46),

2.5.3 Sediments

Sediment samples collected in the Jacksonville study area varied
considerably in texture (Figures 2-37 through 2-44 and 2-46 through
2-52), Many samples were composed of fairly uniform fine sands while
others were sandy clays or silts, Some samples, however, were poorly

sorted and contained materials from coarse sands to clays.

a. General Chemistry

With the exception of sediments at Stations JAX-3A (located in
the vicinity of Talleyrand Docks and Terminals) and JAX-u4B
(located near the confluence of Long Branch Creek with the St.
Johns River), sediments collected during the spring in the Port
of Jacksonville were low in organic matter (Table 2-42)., With
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the exception of sediments at Station JAX 10-SFJ and JAX
13-SFJ, samples collected during the fall had high TOC
concentrations (Table 2-48), Generally oil and grease accounted
for only about five pé\rcént of the TOC of the sediments.

In the sediments having the highest concentration of organic
matter (i.e. one percent) the TKN:TOC ratio is around 0.20 *
0.04, This ratio varied considerably in the sediments containing
smaller amounts of TOC,

Sediments containing highest levels of TOC also had the highest
concentrations of phosphorous.

Metais

Metal concentrations in sediments collected from the Port of
Jacksonville are presented in Tables 2-49 and 2-50. With the
exception of cadmium and mercury, which are enriched in most
sediment samples collected, none of the metals appear to be
considerably enriched with respect to the average crustal or
carbonate materials (Table 2-51). That is, the metal to aluminum
ratios of the sediment samples were not over a factor of ten
above the natural ratios., Exceptions were Station JAX-2A near
the Jacksonville Shipyards, where the sediment samples exhibit
chromium, iron and silver to aluminum ratios which exceed
natural ratios by more than one order of magnitude. Also, the
iron to aluminum ratio for spring Station JAX-5B sediments and
the silver to aluminum "ratio for Stations JAX-2A, JAX-3A,
JAX-6A, JAX-7A and JAX 13-SF] sediments were an

order-of-magnitude above both the crustal and carbonate ratios.

Toxic Organics

Sediments collected from stations in Jacksonville during the
spring contained organic compounds at detectable levels (Table
2-52), Chlordane was detected in one replicate sample collected
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from both stations JAX-2A and JAX-5B, Toxaphene, DDE
2-chiorophenol and PCBs were detected in one replicate sample
collected at Station JAX-3A, located near the Buckman Street

’

STP discharge pipe at Talleyrand Terminals. Pesticides or

phenolic compounds were not detected in the remaining spring

samples. Furthermore, neither of these compounds were
© detected in samples collected during the fall,

2.5.4 Elutriate Tests

Elutriate tests were performed on samples collected from Stations JAX
3A-FWE(O) and JAX 15-WEJ. Sediments frcm these stations contained some

of the highest concentrations of metals and organic matter.

Elutriate test results are presented in Table 2-54, These results
represent the expected changes in ambient water concentrations (JAX 14-X
Table 2-44 and 2-46) which result from agitating ambient water (from
Station JAX 14-X) with sediments (from Stations JAX 3A-FWE(0) or JAX
15-WEJ). VWith the exception of iron, chromium, and possibly silver,
increases in metal concentrations in the test water were less than a factor
of two above ambient levels, Except for mercury, none of the metal

concentrations in the test water exceeded State standards.

TOC concentrations showed only a small increase (25 percent or less) in
the test water, TKN concentration in test water increased by a factor of
4 above ambient using JAX 3-FWE(0) sediments and by a factor of 21 using
sediments from JAX 15-WEJ, even though the TKN concentrations were
greater in the sediment sample from JAX 3-FWE(0).

2.5.5 Summary of Results and Potential Water Quality Problems

Of the metals examined .in ambient water, only mercury exceeded the State
water quality standard. However, it appears that the reported values for
mercury may have be due to an analytical artifact (see Section #4.1). As
in the other ports, all organics were below detection limits in water
samples. Pesticides and PCBs did not exceed State standards (aithough
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restrictions in analytical detection limits precluded making any definitive
conclusions), However, it appears that these substances are not an
obvious problem in the Port of Jacksonville, judging from low levels
observed in sediments.

Based on the results of sediment analyses, cadmium, mercury and siiver
could create water quality problems during maintenance dredging.
‘However, results of the elutriate testing suggest that these metals may not
be released.in quantities sufficient to exceed State standards. In the case
of mercury, the standard was exceeded in the initial test water.

Nitrogen release (probably in the form of ammonia) represents the greatest
potential water quality problem related to maintenance dredging .in
Jacksonville Harbor,
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) 3.0 COMPARISON OF RESULTS FROM ALL PORTS

3.1 INTRODUCTION

Review of the data collected during the field program indicates that while
there are some basic similarities between the Ports of Jacksonvilie, Tampa,
Manateer and Pensacola, there are also some considerabie differences.,
However, it is important to note that most of these differences in water
column and sediment chemistry can be explained by natural processes.

3.2 WATER COLUMN

Results of TOC analyses of the spring water samples from all ports are
plotted against salinity in Figure 3-1. In southeastern estuaries a linear
relationship between TOC and salinity is commonly observed (Waslenchuk
and Windom 1978), implying that TOC in fresh water conservatively mixes
with sea water. In general, results of TKN and nitrate analyses of all the
samples collected during this season show similar relationships with salinity
(Figures 3-2, 3-3). While sufficient data were not available to make
similar comparisons for the fall, with respect to fresh water inputs in all
the ports studied, this implies that the TOC, TKN and nitrate loading is
similar and probably due to natural inputs (i.e. river runoff). No locai
input of organic matter or nitrogen .to waters within the ports is suggested
by these data.

Variability of ammonia concentrations with salinity (Figure 3-4) for the
spring reflects the peculiar bio-geochemical regimes of the various ports.
Likewise, results of phosphate and total phosphorous from all the ports
(Figures 3-5, 3-6) show variations with salinity that reflect higher
phosphate levels in the Ports of Tampa and Manatee.

For metal concentration variations within the water column, only copper
and lead show a consistent pattern. Concentrations of both metals
correlate significantly (p<0.01) with salinity during both the spring
(Figures 3-7, 3-8) and the fall (Figures 3-9 and 3-10). This implies that
loading of these metals is similar in aill ports and that these metals behave

[
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conservatively in the water column. The =zero salinity concentrations
(intercept of regression curves of data in Figure 3-7 and 3-8) for copper
and lead for the spring would be approximately 1.3 and 2.0 ug/l,
respectively. Values for the fall would be approximately the same.
Therefore, observed levels probably represent background values.
Exceptions are two outliers for copper encountered at 26 and 34 ppt
during ‘the spring (Figure 3-7), one outlier for lead at about 28 ppt
(Figure 3-8) during the spring, and another outlier detected at
approximately 31 ppt during the fail, Concentrations observed at these
stations may reflect local inputs,

Comparison of nickel concentrations with salinity for the spring (Figure
3-11) suggests. two possible trends; one for Jacksonville and another for
the remaining data, This would indicate that nickel loading of Jacksonville
estuarine waters is less than that for the other ports., When compared to
salinity, results for cadmium (Figures 3-12 and 3-13) indicates similar
trends and suggests that cadmium loading for Jacksonvilie is also less than
that for other ports.

Chromium showed no trend with relation to salinity during the spring
sampling period (chromium was not analyzed in the water column during
the fall) indicating either real variability (local inputs) or inaccuracy in
the data (Figure 3-14), lron (Figure 3-15) and zinc (Figure 3-16)
~ concentrations show a general negative correlation with salinity during the
spring but not as significantly as the relationship between copper and lead
to salinity. Since total suspended solids show a negative relation to
salinity, the correlation of metals with salinity may be related to their
association with particulate phases. Zinc results for the fall show a
general trend with salinity similar to copper and lead (Figure 3-17)., The
zero salinity, intercept is about 5 ug/l.

Results of the mercury analyses were near detection limits for spring
samples (Figure 3-18). During the fall, results of many analyses are
considerably higher and above State standards (Figure 3-19).
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Results of silver analyses for all ports for the fall sampling suggests that
higher concentrations are generally observed at higher salinites (Figure

3-20). There is no obvious natural explanation for this relationship.

Pesticides and phenolic compounds were absent from all water samples
collected during this study. This is not surprising since these are
surface active compounds that are generally more associated with
sediments, It must be pointed out, however, that analytical techniques
empioyed in this study were not sensitive enough to detect concentrations
near the State water quality standards (see Section 4.1),

While most of the data on concentrations of metals can be explained by
natural processes, occasional outliers from natural trends may be the
result- of anthropogenic inputs. Nonetheless, for all the metals except
mercury, concentrations observed even for outliers are below State water
quality standards. The observation of mercury levels above State
standards needs further verification, particularly during the fall sampling,
since it is likely that these high mercury concentrations may be an
analytical artifact. This possibility is discussed further in Section 4.1,

With virtually no exceptions, all observed variations in nutrients and TOC
can be explained by natural processes. Clearly, releases from waste
treatment plants are not substantial in any of the ports in terms of water

quality impacts.
3.3 SEDIMENTS

An analysis of the sediment data from all the ports studied reveals highly
significant relationships (p <0.001) between TKN and TOC and the
five-day BOD and TOC (Figure 3-1). Obviously, this implies that TOC
controls BCD in all sediments, but more importantly, the data suggest that
the nature of this control is similar for sediments collected from all four
ports. Likewise the nitrogen component of TOC (i.e. the nitrogen content
of the organic matter) is similar in all seciments.
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The mean BOD:TOC ratio can be calculated using the regression line in
Figure 3-1. This value, considering all sediments collected during the
study, is 0.18, Since carbon accounts for about 50 percent of the organic
matter, it can be concluded that the ratio of the amount of oxygen readily
consumed to total organic matter is about 0.10, BOD:TOC ratio for
organic matter in typical sewage varies between 0,25 and 0.95 (Camp,
1968}, suggesting that organic matter in sediments is not particularly rich
in sewage and is probably more refractory natural organic material. In
sediments, this conclusion is further supported by the mean N:C ratio
determined from the slope of the regression curve in Figure 3-1, The
value of 0.14 is very close to that of natural marine crganic matter, 0.17
{Russell-Hunter, 1970),

In general, as shown above, the metal concentrations in most of the
sediment samples were similar to that of the material likely to be
transported by natural runoff into the ports (i.e. either average crustal
material or carbonate crustal material), When compared to aluminum, metal
concentrations at Pensacola did not exceed natural levels (i.,e, average
crustal ratios) by more than a factor of ten, except at Station PNS-1A,
In Jacksonville and Tampa/Manatee, metal concentrations were found to
exceed natural or expected values by less than a factor of ten in most
cases when compared to average crustal material or, more appropriately,
carbonate rocks. Such a comparison (i.e. Pensacola Bay sediments to
average crustal material and Jacksonville and Tampa/Manatee sediments to
average carbonate rocks) appears to be a reasonable basis for evaluating
metal pollution levels in sediments. When the metal:aluminum ratio in
sediments significantly exceeds (i.e. by more than a factor of ten) the
corresponding value of the reference material, there is good reason to
suspect anthropogenic inputs. A factor of ten has been used in this
study to account for natural variability.*

*Average crustal and carbonate ratios are based on the results of analyses
of many samples of these natural materials, Average ratios obviously have
standard deviations associated with them due to natural variability. From
review of the actual data used in the calculation of mix ratios, a factor of
ten is used to allow for this variability.
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Figures 3-21 to 3-40 clearly indicate that metals tend to be concentrated in
finer sediments., Normalizing metal concentrations to aluminum takes into
consideration the inhomogeneity of sediment-metal distribution and probably
provides the best basis for sediment quality evaluation (Section 1.2.1). It
is obvious that this approach breaks down for coarser sediments since a
very small addition of metal may drastically affect metal to aluminum ratios,
and consequently some judgement must be used.

3.4 ELUTRIATE TESTS

With the exception of mercury and silver, none of the metals examined in
the elutriate tests from any port exceeded State water quality standards.
Additionally, in most cases, none of the metal concentrations in the
elutriate increased by more than a factor of two above ambient. Mercury
and silver exceeded State standards in elutriate tests because
concentrations of these metals were at or above State standard in the.
ambient water used as part of these elutriate tests.,

The small releases of metals from the sediments, indicated by the elutriate
tests, is not surprising in light of the low concentrations of metals
detected in the sedimehts._, From these analyses, metal concentrations in
s'ediments were found to approximate natural levels, Clearly, large metal
releases are not expected since chemical equilibrium of the system leads to
metal association with the sediment. At least a portion of the released
metal will accumuiate back. in the sediment in a relatively short time,

The observation of large nitrogen releases from all sediments tested is also
not surprising sincé this has been observed in previous work (Windom,
1974; Windom 1975) and is due to the release of ammonia. Ammonia-
nitrogen is formed in sediments primarily as a result of the presence of
nitrcgen reducing bacteria. Some ammonia may escape from sediments by
direct diffusion through the sediment/water interface, but most is trapped
by oxidizing conditions at this interface, Clearly, dispersion c¢f the
sediment, such as occurs during dredging, will lead to the release of this

labile nitrogen species.
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3.5 COMPARISON WITH HISTORICAL DATA

It is difficult to compare historical data with those resulting from this
study since the former lack important documentation (for example, quality
control and staticn location) that this study has provided. Consequently,
data produced in the past cannot be used for comparison in the present
study for one or more of the following reasons:

1. Lack of ancillary data necessary for interpretation such as
geographic location of station, salinity (in the case of water
samplies), grain size, TOC, and ailuminum, in the case of

sediments,

2. No information on sampling and/or analytical procedures
(precautions to avoid contamination, detection limits, and so
forth).

3. No replicate analyses.

The data produced as a result of the present study include all of the
above information and conditions. This data set will therefore, be
comparable with future work when the above criteria of data aquisition are
imposed.

ames & Mosee
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4,0 CONCLUSIONS AND RECOMMENDATIONS

4.1 ESTIMATING EFFECTS OF MAINTENANCE DREDGING ON WATER
QUALITY

From the overall results of this study it must be concluded that
maintenance dredging has not resulted in chronic water quality impairment
in any of the ports (the only possible exception is mercury which will be
considered below). It is more likely that maintenance dredging will
produce transient water quality impacts. It is also likely that these
impacts can be predicted from studies of port sediments rather than by
detailed investigations of water quality. There are three important reasons
for this. The first is that sediments are static; they stay in place relative
to the much more dynamic water column and, clearly, areas with high
pollutant loading are reflected in the distribution of polluted sediments.
Secondly, most pollutants, both inorganic and organic, tend to accumulate
in sediments, Finally, since it is the sediments that must be handled
during the dredging, they are ultimately the cause of water quality

impairment.

As a first approach to evaluating potential water quality impacts of
dredging a given port sediment, some estimate of the anthropogenic
component of given pollutants in the sediment must be made. In the case
of heavy metals, normalizing concentrations of the given metal to aluminum
provides a basis for this evaluation (see Section 3.3).

Results of this study have also provided a basis for evaluating the
anthropogenic component of organic matter in sediments (Figure #4-10),
since it has been observed that there are natural relationships between
TOC, BOD and TKN. Sediments having concentrations of these materials
that do not follow this trend are suspected of being contaminated by

anthropogenic inputs,
Although the elutriate test does not consider all the conditions of an actual

dredging operation, it at least provides a basis for predicting the probable
water quality impact (see Section 1.2.3). This is certainly true in the
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prediction of nitrogen releases (see Section 3.4). Results of elutriate
tests conducted during this study indicate that nitrogen releases do not
bear a straightforward relation to the nitrogen content of the sediments.
Currently, dynamic procedures which attempt to mimic dredging processes,
such as elutriate tests, (when used in conjunction with bulk chemical data)
provide the best available tool for evaluating the amount of nutrients
released during dredging.

Accurate analysis of parameters in the sediments and the water column is
of utmost importance in estimating effects of dredging on water quality.
Close attention must, therefore, be paid to analytical procedures. For
example, most standard EPA methods have detection limits for metals that
are more commensurate with polluted waters rather than for natural
conditions. In order to understand natural conditions, analytical methods
should have detection limits at least as low as State standards, and
preferably approaching natural levels.

During this study some difficulties were experienced which illustrate this
problem, Although techniques for measuring ambient mercury concentra-
tions typically use small amounts of oxidizing reagents (Olafson, 1982}, the
EPA method applied in the fall analyses required the use of 15 mi. of
permanganate. This high level of permanganate can convert chloride to
free chlorine which, in turn, will cause an elevated mercury reading.
Even though care was taken to remove this free chlorine prior to the
analysis, its removal may not have been complete. The results of the
mercury analyses from this study may therefore be erroneocusly high.
This conclusion is supported by the fact that greater levels were
determined on fall samples than spring, after the technique (Table 5-2,
notes) had been altered to more adequately analyze high concentrations
(EPA's standard methods were developed to examine organomercury
compounds by adding larger quantities of oxidizing agents). This
conclusion is also supported by results for the Jacksonville area which
show mercury concentrations were generally above 0.1 ug/l. However,
results from Windom and Taylor (1979) for samples collected monthly over a

year in this area show concentrations that average about 0.04 ug/l,
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In the case of the organic compounds analyzed during this program, EPA
techniques were alsc used. As is discussed in greater detail in Section 5,
detection limits of these methods, were above the State sténdard.
Nevertheless, in all cases, the detection limits for these compounds were
as low or lower than those routinely obtained in the Florida DER
Laboratory, other State environmental laboratories in the southeast, or by
the EPA Regional Laboratory in Athens, Georgia. This brings into
question the validity of State standards for organic compounds.

4.2 SUMMARY CF POTENTIAL WATER QUALITY PROBLEMS RELATED TO
MAINTENANCE DREDGING

None of the sediments from any of the ports had unnaturally high
concentrations of oxygen demanding materials or nutrients., Oxygen
depletion and nutrient release, however, are aiways potential problems
resulting from dredging in subtropical estuaries where periods of low
oxygen occur due to natural depletion. For this reason oxygen depletion
and nutrient release should be addressed in the development of rules and
best management practices for maintenance dredging. For example, when
receiving waters are sensitive to low oxygen concentrations it might be
preferable to dredge during periods when oxygen demands of dredged
sediments will not exert as much impact (e.g. during the winter).
Nutrient releases will probably be best managed by estimating release rates
from a contained area (based on dredging rates and elutriate test resuits)
and cohtrolling discharge rates in relation to the assimilative capacity
(flushing rates, and so forth) of receiving waters.

No obvious problems have been identified in this study that might result in
significant increases in metals or organic pollutants in the water column as
a result of maintenance dredging. There is always the chance of this,
however, since these pollutants may accumulate in sediments in the future.
Also, it can not be assumed that the most heavily polluted sediments were
sampled during this study, although every attempt was made to sample
worst case sediments. As with nutrients, potential problems with metais
and organic pollutants as a result of dredging can be estimated by a
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combination of sediment analyses and elutriate testing, Best management
practices can then be developed taking into account local assimilative
capacities.

4,3 RECOMMENDATIONS FOR MAINTENANCE DREDGING AND DISPOSAL

4.3.1 DPredging Operations

The major effects of maintenance dredging on water quality will be in the
disposal area. In the case of hydraulic pipeline dredging, the greatest
effects will be on the waters receiving effluent from the disposal area.
Where clam sheil or bucket dredges are used, the greatest impacts will be
in the vicinity of the hopper or receiving barge. Therefore,
environmental impacts are dependent on the type of dredge used.

In areas where sensitive habitats are located adjacent to the channel to be
dredged, pipeline dredging will insure that local water quality impact will
be minimized. Hopper dredges properly operated to control overflow, may
be appropriate for heavily polluted areas where the only other aiternative
is to dispose of material in confinement areas which discharge into
environmentally sensitive habitats or areas with poor assimilative
capacities. |

Cenerally, attempts to regulate water quality at the dredge site are
probably not cost effective or environmentally beneficial. First, channel
areas are essentially written-off environmentally in return for navigational
benefits. Secondly, water quality impacts at the cutter head or bucket
are often localized. For example, recent studies of a large bucket
dredging operation in the Thames River estuary near New London,
Connecticut found increases in dissolved phosphate, ammonia, silica,
manganese and copper from two to nine times above ambient at the dredge
site, Particulates increased a hundredfold. Within about 180 meters
down-flow, the dissolved components returned to ambient levels and
particulate values returned to ambient levels at about 700 meters (recent
studies by the University of Delaware, in review).
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For any dredging operation, estimates of water quality impacts at the
dredging site are possible. Such estimates should be based on bulk
chemistry data, elutriate testing; estimates of dredging efficiencies and

mean local current flow regimes. .~

4.3.2 DisEosaI

s

Discussion and recommendations on disposal site management are contained
in Section 4.4.2 - Environmental Protection. Recommended disposal site
practices are currently being developed by DER and are not available at

this time.

4.4 GENERAL RECOMMENDATIONS ON DEVELOPING REGCULATIONS

4.4.1 Practical Standards

Historically, water quality standards have been used as the basis for many
environmental regulations, For many parameters, such as metals,
pesticides, and other organic compounds, they are impractical and/or

unrealistic for several reasons:

1. Standards for metals, organic compounds, etc., are usually
based on toxicity tests (e.g., LD 's) carried out on specific,
stressed organisms. Test conditions seldom approach those of
the environments being evaluated. Furthermore, organisms used
in the tests generally bear little similarity to those of the
environments to which the standards are applied.

2. The effects of a given metal or organic compound often depends
on its form in the environment rather than its total
concentration. This is rarely taken into consideration in
establishing standards. Since the speciation of metals or organic
compounds may vary considerably from one ecosystem to another,
it is unlikely that a given standard can be generally applied to a
variety of environments.

3. State-of-the-art in the analysis of metals and many organic
compounds at natural or near-natural levels in ecosystems has
only recently reached a level of acceptable reliability. In large
part, this is due to the realization of the importance of collection
and handling of samples to minimize contamination. Contamina-
tion of samples is always a possibility even when extreme care is
taken, In fact, many bioassay studies are probably in error
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since experimental systems are generally contaminated at levels
higher than prescribed., As a result of this situation, it is
unlikely that much of the data on the quality of natural waters
are reliable,

Given the inherent problems in a water quality standard, we can conclude
from the above that if water quality criteria (particularly for metals and
hydrocarbons) are used, they should be as site specific as possible.
Section 4.4,2 outlines a system which accommodates water quality standards
and is based on port specific conditions (sediments and hydrography).
Also, given the present state of knowledge on the effects of increased
levels of various pollutants in a specific environment, any water quality
standard adopted will of necessity be arbitrary,

Discussions with DER regarding the development of regulations for
long-term maintenance dredging permits have raised a number of questions
for which answers must be found. Among the most important recurring
questions are:

1. What is a practical and realistic set of standards on which to
base the regulations?

2, How can we make the regulations operationally feasible and
responsive to workable dredging and disposal practices.

3. How do we establish regulations that adequately assess potential
"~ environmental impacts of proposed dredging operations?

4, What kind of flexibility should be built in so that the regulations
take into account future changes in environmental (and other)
conditions?

It has become clear that there are no simple answers to these questions
but through our discussions, general agreement on workable answers
appears to be evolving. The consensus described below may be considered
tentative recommendations for regulations as well as a basis for future
program development.

Tentative recommendations for developing criteria and procedures for
making regulatory decisions on maintenance dredging and disposal are as

follows:
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1. While water quality standards appear at present to be the only
socially, politically, and legally acceptable basis for regulation,
it has become increasingly apparent that the quality of sediment
to be dredged should also be considered in a straightforward
and consistent manner, Estuarine sediments are a sink for both
anthropogenic and natural contaminants originating from upland
areas, and their release and subsequent oxidation could be
potentially deleterious to estuarine biota,

2, Criteria incorporating sediment-related information should be port
specific and flexible. For example, suspended sediment issues
related to dredging pose a greater problem for ports where
ambient suspended sediment levels are low,

3. Criteria should be based on the best predictive procedure for
assessing environmental effects., Such a procedure should be
capable of being updated and improved based on results of
monitoring programs and other environmental studies,

4.4.2  Environmental Protection

Standards alone do not protect the environment, but simply allow the
permitter to evaluate whether physico-chemical conditions deviate from some
presumably acceptable condition. Certainly standards based on the above
criteria can provide the setting for such an evaluation, but no standard
can predict the environmental impact of maintenance dredging.

If regulations are to serve a useful purpose, they must include
requirements or procedures that help predict impacts. Only in this way
can conditions imposed by the permit attempt to minimize adverse impacts
to the environment.

Nowhere is there a more urgent need for careful water quality management
than at the spoil disposal site, Since potentially deieterious sediments will
be removed from the navigation channels, it is imperative that return
waters from the discharge wiers be treated such that the receiving waters
are not degraded. Thus, reasonable standards should be established
according to "background" water queality conditions outside appropriate

mixing zones,

The concept of mixing zones has been established to provide an acceptabie
area within which water quality degradation is allowed. The size of the

-

Dames & Mioora



-650-

mixing zone should take into account the major factor characterizing
assimilative capacity outside of the disposal area: the proximity of sensitive
environments, the mixing regime of the receiving water, and the
characteristics of the effluent. Although difficult, it is possible to estimate
the assimilative capacity of receiving waters by identifying these factors.
Once the assimilative capacity is estimated, a mixing zone can be
established. This should be followed up by monitoring during the
discharge of dredge spoil effluents to evaluate the efficiencies of
management practices,

In addition to employing mixing zones and dredging practices reflecting
conditions at each port, data should be gathered and updated to improve
practical environmental safeguards. Correlations between heavy metal
concentrations and sediment grain size interpreted in light of metal to
aluminum ratios (see Section 1.2.1) appear to be useful for determining
potential hazards associated with handling sediments from a particular
channel or cut. If a strong correlation is found between a contaminant
and sediment type, then specific dredging equipment can be used (hopper
- barges with no overflow, hydraulic dredging, etc.). A similar set of
criteria should be used at the spoil disposal site to isolate hazardous
sediment types and employ variable retention rates.

Metal to aluminum ratios can be employed to signal problem areas along
various segments of the navigation channel. [f these ratios are
considerably greater (i.e. greater than one order of magnitude) than those
for natural crustal abundances, then dredging and spoil disposal
techniques should be developed to deal with these potentially deleterious
sediments.

It should be noted, however, that the above deals only with physical and
chemical processes occurring within the navigation systems, essentially
neglecting direct biological impacts created by maintenance- dredging
operations., After a reliable data base becomes established for sediment
and water quality conditions, the ultimate impacts of maintenance dredging
on estuarine resources can be more fully addressed.
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Considering the above, recommendations regarding environmental protection
aspects of the regulations are:

1. Regulations should require, in addition to sediment analyses, an
elutriate test on the sediments to be dredged. The results of
this test should estimate the release of potential poliutants so
that improvements in management practices can be made.

2. A reasonable monitoring program should be required during
dredging operations, not so much as to evaluate compliance as to
examine the adequacy of management practices. This would
provide additional information on the effects of dredging
operations which can then be used to better evaluate future
operations.

3. Stringent requirements should be imposed on all tests and
analyses so that data are useful for continuous re-evaluation of
environmental conditions of the harbors. Because of the present
state-of-the-art and continual improvement of many analyses, (as
discussed above) this is extremely important.

4., Mixing zones should be established on a site-specific basis. The
extent of the mixing zone should be based on the assimilative
capacity of the receiving waters and proximity to sensitive
areas.

4.4,3 Operational Feasibility

Real-time monitoring is often imposed on dredging activities. Justification
is that if results of the monitoring indicate that water quality degradation
is occurring, the dredging operation can be ceased. Operationally,
however, this is not feasible since the turn-around time for reliable
laboratory analysis is often too long. This type of monitoring program
also has punitive implications which make the dredger less enthusiastic
about participation in a monitoring program. |If practical long-range
dredging permits are issued, they should be as free as possible from
unreasonable interruption during actual operation. The results of the
monitoring program should be of reliable accuracy and be used to either
tighten or loosen constraints (i.e., management practices), on subsequent
operations. Monitoring should not be used to disrupt on-going operations
unless obvious contravention of imposed conditions of the permit occur.
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The administration of long-term permits must provide a place for carefully
developed monitoring programs and be able to make management
adjustments during the permit term.

The required high quality performance of tests and analyses involved for
regulation will be difficult to achieve. Understanding the effects of
dredging and disposal in estuarine areas will depend on the development of
field and laboratory manuals and the application of .improved quality
assurance programs to evaluate the laboratories conducting the tests and
analyses.

4.4.4 Flexibility of the Regulations

It is likely that conditions in the channels and harbors will change with
time, Demands on the harbors may increase, population densities change,
adjacent industrial growth may occur and environmental conditions will
change in response. Water quality may improve due to increased pollution
abatement or it may decline due to increased industrialization and
urbanization. Management must be flexible enough to take into account
these changes and still be meaningful in terms of environmental protection.
It is easy to visualize that requirements imposed on a dredger today may
be either too severe or too lax ten years from now.

To minimize this possibility, management programs should be flexible. The
requirements to analyze ambient conditions and monitor changes during
dredging provide for continual data growth. They also provide a secure
and necessary place in the long-term regulatory process for improving the
understanding of impacts associated with maintenance dredging operations.
Management Program objectives can be successfully achieved by developing
a mechanism to integrate updated information into the regulatory process.
This would suggest, at least as a first step, the following
recommendations.

1. A study group established for each port to develop a monitoring
program and periodically review the resuits of elutriate tests and
monitoring analyses, and translate these results into an updated
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estimate of environmental conditions and needed regulatory
responses regarding maintenance dredging.

A mandatory review and updating of standards should be

established as a part of the separate regulatory process for
deepwater ports.

Dameas & Moore
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5.0 FIELD AND LABORATORY METHODOLOGY

This section identifies sampling stations at the Ports of Jacksonville,
Tampa, Manatee and Pensacola, outlines sample collection methodologies and
presents information on parameters selected for analyses and Ilaboratory
procedures utilized in the analyses of the field samples collected during
the spring/dry and fall/wet season field programs.

5.1 INTRODUCTION

The initial task in developing the field sampling program was to assess
existing data on the ports of Jacksonville, Pensacola, Tampa and Manatee.
In order to use the most reliable information, these data were carefully
screened in several ways. This preliminary screening is discussed in
greater detail in the 3 May, 1982 report on the assessment of existing
information entitled, "Data Summary for Dredging and Spoil Disposal Study
for Deepwater Ports - Phase 1, Subtask !l B".

Early in the development of this project, it was decided that determination
of "ambient" water quality conditions for the entire list of Class Il
parameters regulated by the state (Chapter 17-3 FAC), was not
economically feasible. Therefore, the analysis of water and sediment
sampies was limited to only those parameters which were considered
environmental hazards at each port and for which the current
state-of-the-art in commerical laboratory analysis would provide accurate
resuits. Even for selected parameters, the high cost of laboratory analysis
precluded sampling with sufficient density to determine '"ambient"
conditions in estuarine systems which are characterized by high spatial and
temporal variability, For this reason, it was decided to sample the
expected extremes - the "wet season' (fall) and the "dry season" (spring)
as well as sample the "worst case" conditions in each port (e.g. the
berthing areas, turning basins and channels). Consensus on such an
approach was reached after discussions with representatives from DER,
Savannah Laboratories, and Environmental Services Inc., and the ports,
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5.2 SPRING/DRY SEASON FIELD PROGRAM

Based upon the existing information, water quality parameters listed in
Chapter 17-3 of the Florida Administrative Code (FAC), and consensus of
scientific and technical personnel, the parameters to be investigated at
each port during the spring field program were determined (see Table
1-2). .Because of physical/environmental differences between individual
ports, there are some differences in the parameters selected for analysis at
each port. For example, as part of the spring program, it was decided to
analyze the samples from a station adjacent to phosphate loading docks in
Tampa Bay for radium. Samples collected in Tampa Bay were also analyzed
for fluoride.

To reasonably '"characterize" sediment and water quality conditions in the
navigation systems during the spring, three types of sample stations were

established:

1. Intensive Stations

These stations were located at anticipated "worst case" locations.
Samples from intensive stations were analyzed for virtually all of
the parameters listed fer Class [1l Waters in Chapter 17-3, FAC,
The results of these analyses aided In identifying potential
problem conditions which may be anticipated elsewhere in the
port.

2.' Baseline Stations

Samples collected from baseline stations were analyzed for those
parameters which were determined to be of greatest importance
in influencing permitting decisions at each of the ports.

3. Calibration Stations

Water samples only (analyzed for parameters identical to those
for Intensive stations) were collected at Calibration stations.
These stations were located in high salinity (i.e., greater than
32 ppt) waters offshore of the channel entrance of each port.
Information collected from these stations were used to check
sampling technique and sample handling procedures as well as
assist in the interpretation of data collected from the other
stations.

Water and sediment samples were collected in triplicate during the spring
in order to establish a reproducible methodology and provide defendable

N
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results. The alternative, to increase the sampling density by varying the
sampling points in either time or space, would not provide the needed

reliability of results.

5.2.1 Spring Sample Station Locations

The spring/dry season sample station locations for the Ports of
Jacksonviille, Tampa, Manatee and Pensacola are discussed for each port
below and also in Section 2. Sampling locations were dependent on local
bathymetry, observed point and non-point discharges, local traffic
conditions, and, observed salinity for "Calibration" stations.

The spring/dry . season station locations were chosen using the following
criteria:

1. Existence of historical water quality, sediment quality, or
biological data in the vicinity of the sample station.

2. Anticipated "worst-case" water quality and sediment conditions.

3. Previous and/or existing disposal site locations.

4, Offshore stations to aid in data interpretation.

Port of Pensacola

Figure 2-3 presents the spring/dry season sample station locations for the
Port of Pensacola. These locations were sampled to provide information on
conditions in the vicinity of the berths (PNS-1A), conditions in the main
entrance channel (PNS-2B) and offshore conditions (PNS-3C) for
calibration. -

Port Tampa

Figure 2-13 presents spring/dry season sample station locations for Port
Tampa. The six stations shown were sampled to provide information on
conditions within the Port of Tampa at East Bay (TPA-6B) and in the
Garrison Turning Basin (TPA-1A), conditions adjacent to two spoil disposal
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areas (TPA-5B and TPA-2A), conditions in the Big Bend Channel
(TPA-3B), and conditions in the Alafia Turning Basin (TPA-4B}. A
calibration station (TPA-7C) was located approximately five miles offshore
of Mullet Key.

Port Manatee

3

Also shown on Figure 2-13 are the locations of stations sampled in Port
Manatee during the spring/dry season field program. Two stations. were
sampled to provide information on conditions in the vicinity of the berths
(MAN-1A), as well as conditions between the main entrance channel and
the spoil disposal area (MAN-2B). The offshore station for Port Tampa
(TPA-7C) provided calibration for the Port Manatee samples.

Port of Jacksonville

Figures 2-35 and 2-36 present the location of spring/dry season sampile
stations in the Port of Jacksonville. An upstream station (JAX-1B) was
located near Codby's Lake to provide low salinity control. Another station
(JAX-9C) was located offshore to provide a high salinity endpoint.
Because high levels of contamination were expected, additional stations
were located and sampled near Jacksonville Shipyards (JAX-2B]),
Talleyrand Docks and Terminals (JAX-3A), Blount Island Terminals
(JAX-6A), near the confluence of the Trout River with the St. Johns
River (JAX-5B) and near the confluence of Long Branch Creek with the
St. Johns River (JAX-4B). The two remaining stations were located near
previously used or existing dredge 'spoil disposal sites on the St. Johns
River near Bucks Island (JAX-8B), and near Quarantine Island (JAX-7A).

5.3. FALL/WET SEASON FIELD PROGRAM

The initial task in developing the fall/wet season field program was to
assess and interpret the resuilts of the analyses of samples collected from
each port during the spring/dry season field program. These resuits and
interpretations are discussed in detail in the draft 11D (e} report of
October 25, 1982.entitled, "Deepwater Ports Maintenance Dredging Study,
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Spring/Dry  Season Field Program: Results, Interpretations and
Recommendations, Ports of Jacksonville, Tampa, Manatee and Pensacola".

Results of the analyses of the spring samples suggested that, with some
exceptions, additional intensive water sampling would not be cost effective.
Although detailed analyses on water samples collected during the fall
program would provide for a better understanding of ambient water quality
conditions, little additional information would be provided to evaluate
potential water quality problems that may accompany maintenance dredging
operations. Nevertheless it was decided that additional’ analyses of water
samples would be useful to: ‘

1. check procedures and provide additional reliable data

2. provide data on concentrations of organic compounds during fall
run off conditions .

3., provide information on water quality to be used in conjunction
with elutriate tests.

At the onset of planning the spring/dry season sample analyses, it was
recommended that elutriate tests be conducted and form a major part of the
fall/wet season sampling program. The results of the spring program
indicated that contaminated sediments appear to be localized.
Consequently, the elutriate tests were confined to sediments collected from
these contaminated areas and available funds used to gain more information
on the distribution of contaminated sediments. On this premise, the
fall/wet season sampling program was developed.

Parameters selected for analysis during the fall/wet season field program
(Table 1-3) were determined after a port specific assessment of the results
of the spring program. These results (discussed in detail in Section 2)
are briefly described on a port by port basis below:

Port of Pensacola

The spring results of anayses of water samples collected from the berthing
areas (PNS-1A) in the Port of Pensacola indicated elevated levels of
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mercury and zinc. Water samples collected from this area were the only
samples to contain phenols {pentachlorophenol) at concentrations above the
analytical detection limits during the spring.

The resuits of analyses of sediments collected from the berthing area in
the Port of Pensacola indicate that of all the ports studied, sediments from
this area had the highest oil and grease concentrations. When compared to
the metal to aluminum ratios for average crustal material, the spring
results indicated elevated mercury levels in sediments collected from
Station PNS-2B (Bay Channel) and elevated silver, zinc, mercury, lead
and cadmium levels in sediments collected from the berthing areas
(PNS-1A]},

‘The only organic compounds detected in sediments from the Port of
Pensacola were chlordane and dichlorophenol, both detected in samples .
collected from Station PNS-1A,

These results (presented in Table 5-1) are based solely on the results of
collected spring samples and consider localized conditions, Table 5-1 also
identifies dissolved oxygen and nutrients as continual problems for the
Port of Pensacola in relation to maintenance dredging. Oxygen depletion
and nutrient release are potential problems resulting from dredging in
subtropical estuaries, The relatively high organic matter and nutrient
concentrations of bottom sedirﬁents collected during the spring from the
Port of Pensacola appear a .likely source of potential water quality
probiems.

Port of Tampa

Water samples collected in the Port of Tampa during the spring, indicate
that at Station TPA-1A (located in Ybor Channel) only mercury and
pentachlorophenol w=re at concentrations equal to at the analytical
detection limit. State water quality standards were not exceeded for
organics or metals in the remaining samples collected in Port of Tampa.
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Sediment samples collected in Port of Tampa during the spring indicated
high metal concentrations in samples coliected from stations in close
proximity to port facilities (i.e. Stations TPA-1A (Garrison Channel),
TPA-3B (Big Bend Channel), TPA-4B (Alafia River Channel) and TPA-6B
(East Bay)). When compared to natural levels (using the metal to
aluminum ratios for carbonate rock), the metals enriched in the Port of
Tampa sediments are cadmium, lead, mercury, silver, zinc, copper and
nickel, Of the organic compounds analyzed, chlordane, 2-chlorophenol and
pentachlorophenol were detected in sediments collected from Station TPA-1A
(Ybor Channel). One of the three replicate samples collected at Station
TPA-4B (Alafia River Channel) had detectable DDE, and one sample from
Station TPA-6B (East Bay) had detectable amounts of chlordane.

These results of the spring program for the Port of Tampa are presented
in Table 5-1, Dissolved oxygen and nutrients appear to be a chronic
water quality problem and represent a likely source of potential water
quality problems during maintenance dredging in the Port of Tampa.

Port Manatee

Water samples collected from Port Manatee during the spring sampling
program indicated metal concentrations at near natural levels. State water
quality standards were not exceeded in water samples from either station
in Port Manatee during the spring program. All pesticides and phenols
analyzed during the spring were below detection in all water samples.

Although none of the sediment samples collected in Port Manatee during the
spring contained any of the organics at detectable levels, the comparison
of the metal to aluminum ratios of Port Manatee sediments to that of
average crustal material or carbonate rocks indicates that cadmium,
mercury and silver are enriched. These results along with the potential
problems associated with dissolved oxygen and nutrients are preéented in

- Table 5-1.
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Port of Jacksonville

Water samples collected in the Port of Jjacksonville during the spring
indicated that of all the metals analyzed, only mercury was above the State
standard and only at Stations JAX-1B and JAX-2A (GCodby's Lake and
Jacksonville Shipyards, respectively). None of the water samples collected
from amry station contained pesticides or phenolic compounds at detectable
levels,

With respect to the metal to aluminum ratios of average crustal material,
the results of the analysis of spring sediment samples from the Port of
Jacksonville indicated elevated concentrations of cadmium, copper, lead,
silver, mercury and zinc. These results along with the potential problems
associated with dissolved oxygen and nutrients during maintenance

dredging are identified in Table 5-1,

Table 5-1 identifies on a port by port basis, those parameters which,
based on the spring results, represent potential water quality problems
during maintenance dredging and also identifies the parameters selected for
analysis during the fall/wet season field program. These parameters were
determined to be of greatest importance in influencing permitting decisions.
Limiting the analyses to those parameters associated with potential water
quality problems during maintenance dredging, and those necessary for
data interpretation (e.g. aluminum, grain size, "in-situ" salinity etc.)
provided the opportunity to establish additional stations to satisfy the
objectives of the fall field program (i.e., elutriate testing, determining the
extent of contaminated sediments, providing additional reiiable data where
necessary and determining organic concentrations during wet season
conditions). However, even for the selected list of parameters (Table
1-3), the high cost of Ilaboratory analysis precluded sampling with
sufficient density to determine ambient conditions during the fall in each
port.

Fail water and sediment samples were collected in triplicate in order to
establish reproducible methodology and provide defendable results.
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5.3.1 Fall Sample Station Locations

The fall/wet season sample station locations for the Ports of Jackéonvil!e,
Tampa, Manatee and Pensacola are discussed for each port below and in
Section 2. Fall sampling locations were dependent on local bathymetry,
observed point and non-point discharges, local traffic conditions and,
spring sample station locations.

Sampling locations for the fall/wet season were selected using the following
criteria:
1. Sampling "worst case" sediments for elutriate tests.

2. Determining the spatial distribution of contaminated sediments
identified by the spring/dry field program resuits.

3. providing information on water quality used in conjunction with
the elutriate test.

4, providing additional reliable data where necessary and

identifying potential problem areas in terms of concentrations of
organic compounds during wet season conditions.

Port of Pensacola

Figure 2-6 presents the location of the fall/wet season sampling stations
for the Port of Pensacola. Station PNS 1A-WOE was located near the
berthing areas in Inner Harbor Channel. Sediments collected from this
station were used for elutriate testing. Water samples collected from this
station were analyzed for metals (Hg, Ag and Zn) and organics (pesticides
and phenols). |

Spring Station PNS-2B, located in Bay Channel, was re-established as
Station PNS 2B-W(O) for fall sampling. Water samples collected during the
fall at this location were analyzed for metals (Ag, Hg, and Zn).

Because elevated mercury levels were observed in Bay Channel sediments
during the spring, three additional fall stations were sampled to determine
the spatial extent of contaminated sediments observed in the spring and

provide reliable information on the water quality between previously
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sampled spring stations. These stations were located in Bay Charnel at
Santa Rosa Island (PNS 6-SF), the Naval turning basin (PNS 5-SF) and
near the port approach channels (PNS 4-SF) as shown on Figure 2-6.

Elutriate test water was collected from Station PNS-7X located in Bay
Channel midway between the port approach channeis and the Naval turning
basin, - Samples collected from this station also provided water quality
information between two locations sampled during the spring program,

Port of Tampa

Figure 2-20 presents the locations of the fall/wet season sampling stations
for the Port of Tampa. The spring resuits for sediments collected from
stations in close proximity to port facilities indicated that cadmium, lead,
mercury, silver, zinc and nickel were above natural levels (see Sections 2
thru 4). Phenols were also detected in sediment replicates collected from
stations located in Garrison Channel, East Bay and the Alafia River
Channel during the spring. As -a result, stations were re-established in
Carrison Channel (TPA 1A-WET(0)) and East Bay (TPA 6B-WOET]).
Sediments collected from both stations were used for elutriate testing.
Water samples collected from these stations and stations in the Alafia River
Channel (TPA 4B-WT(O)) and Big Bend Channel (TPA 3B-WT(O)) were
analyzed for metals (Ag, Hg and Zn), and fluorides. In addition, water
samples collected in East Bay were analyzed for phenols and pesticides
(see Table 1-3),

Sediments collected from Stations TPA 12-SFT and TPA 8-SFT (located at
Hooker Point and Port Sutton Channel, respectively) were sampled to
determine the spatial extent of contaminated sediments identified by the
spring results., Water samples collected from these stations were analyzed
for metals (Ag, Cd, Hg, Pb and Cu) and fluoride to provide additional

water quality data at locations not sampled during the spring.

Samples were collected from stations in Hillsborough Channel {TPA'11-SFT,
and TPA 9-SFT) and Big Bend Channel (TPA 10-SFT), to provide
additional water and sediment quality information. Water samples collected
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during the fall from stations located adjacent to spoil disposal areas (TPA
2A-WT(0)) and TPA 5SB-WT(O)) were analyzed for fluorides anq metals
(Ag, Hg and In).

Elutriate test water was collected as Station TPA 13-XT located in
Hillsborough Channel South of Gadsden Point.

[

Port Manatee

Figure 2~20 (insert B) presents the fall/wet season sample locations for
Port Manatee., Sediment samples collected in the port berthing area (MAN
1A-WET(O)) were used for elutriate testing. Water samples collected from
this station were analyzed for fluorides and metals (Ag, Hg and Zn).

During the spring, elevated metal concentrations were observed at Station
MAN 2B located adjacent to a spoil disposal area: During the fall water
samples collected from this area (Station MAN 2B-WOT) were analyzed for
metals (Ag, Hg and Zn) and fluorides. Additionally, these samples were
analyzed for organics (pesticides and phenols in Table 1-3) to provide
information on concentrations of these parameters during wet season
conditions,

Station MAN 3-SFT was located in Port Manatee Channel adjacent to Tampa
Bay Channel (Cut B). This station was sampled to determine the spatial
extent of contaminated sediments observed in the spring and also provide

additional water quality information at locations not sampled in Port
Manatee Channel during the spring.

Water collected from Tampa Station TPA 12-XT was used for elutriate
testing of Port Manatee sediments.

Port of Jacksonville

The fall/wet season sample station locations for the Port of Jacksonville are
presented in Figure 2-45, Sediment samples coliected during the fall in
the Terminal Channel at Station JAX 15-WEJ and in the vicinity of an
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outfall which discharges into the Terminal Channel (JAX 3A-FWE(Q)]) were
subjected to elutriate testing. Water samples collected at these stations
during the fall were analyzed for metals (Ag, Cd, Hg, Pb, Zn and Cu as

AN -

shown in table 1-3).

Sediment samples were collected from five stations along the St. Johns
River at Commodore Point (JAX 10-SFJ), near the Sea Land Terminal in
the Terminal Channel {JAX 17-5) at Blount Island (JAX 13-SFj) and in
Blount Island Channel (JAX 12-SFj). These samples provided information
on the extent of contaminated sediment observed during the spring. Water
samples collected at the fall locations were analyzed for metals (Ag, Hg,
Cd, Pb, and Cu) and provided additional water quality information for
areas not sampled during the spring.

Water samples were collected in the St. Johns River at Long Branch Cut
(JAX u4B-WJT(Q))}, Trout River {(JAX 5B-WJ(O}), near Dunn Creek and
Quarantine Island (JAX 11-FJ and JAX 6A-WJ(O)), at Dames Point (JAX
7A-W0J) and near Bucks lIsiand (JAX 8B-WJ(0O)). These samples were
analyzed for metals (Ag, Hg, Zn, Cd, Pb and fluorides at long Branch
Cut) to provide additional water quality information during wet season
conditions. Water samples collected from the S5t. Johns River at Dame
Point (JAX 7A-WOJ)} were subjected to analyses for pesticides and phenols
(Table 1-3) to provide information on organic concentrations during wet
season conditions.

Elutriate test water was collected from Station JAX 14-X located in the St.
Johns River at Drummond Creek.
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5.4 FIELD PROGRAM SCHEDULING

The spring sampling program was begun in the Port of Pensacola on April
26, 1982, continuing through sampling in the Port of Jacksonville on April
29, 1982, Port Manatee on May 10, 1982 and was completed on May 14, 1982
at the Port of Tampa. This time period was selected to coincide with the
historical "dry" season determined for each of the four ports (see Figure
2-4},

The fall sampling program began in the Port of Tampa on September 10,
1982 continuing through sampling in Port Manatee on September 11, 1982
with completion of sampling in Tampa Bay (Port Tampa) on September 17,
1982, Fall sampling was completed in the Port of Pensacola from September
21 through September 23, 1982. Sampling was initiated in Jacksonville
Harbor on September 25, 1982 and completed in October 2, 1982, As
shown on Figure 2-4, the fall sampling program was scheduled to coincide
with the historical "wet" season observed at each of the four ports.

Histograms of the observed and historical mean precipitation and mean net
water availability to stream flow are discussed and presented for each port
in Section 2 (see Sigures 2-3 and 2-4). The historical mean precipitation
histograms were derived from the monthly normal precipitation data
published by the U.S, Department of Commerce for the Jacksonville,
Tampa, St. Petersburg and Pensacola areas (1941 - 1970).

The historical net water availability for stream flow was derived from the
historical precipitation data and historical pan evaporation data (1973-1977)
for areas near Pensacola (Milton Experiment Station), Jacksonville (Lake
City Experimer{t Station) and Tampa (lLake Alfred Experiment Station),
The historical mean pan evaporation was converted to lake evaporation and
subtracted from the historical mean precipitation to determine the net water
availability to stream flow, which considers rainfall as the system input
with outflow controiled by evaporation, discharge into streamflow and
percolation into deep aquifers. For the data presented in these
histograms, percolation into deep aquifers has been considered constant.
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Any variation in this flow would effect the quantity of available water but
would not effect the distribution as presented by the histograms,

Stream discharge data was not used to determine the wet and dry seasons
in the various ports because of the complicating effects of tidal influence
and upstream control structures.

3

5.5 PARAMETER SECTICON :

As discussed in the introduction, it was determined that, with the given
resources, it would not be possible to conduct laboratory analysis for all’
of the parameters listed for Class I1l Waters in Chapter 17-3, FAC (Table
1-1). For this reason, it was decided to limit the analysis of water and
sediment samples to those parameters determined as most environmentally
hazardous in ports and for which the current state of the art in
commercial laboratory analysis would provide accurate results.

The parameters selected for analysis during the field program are

presented in Tables 1-2 and 1-3. A detailed explanation of the rationale
used in the selection of each parameter is presented below:

Aluminum content, grain size, specific gravity and Atterberg Limits

Grain size, aluminum concentration and specific gravity analyses were
performed on each replicate sediment sample. Results from these tests are
used to interpret data on the absolute concentration of sediment

contaminants,

Cenerally, an inverse relationship between grain size and heavy metal
concentration is observed for estuarine and aquatic sediments. Essentially
metals tend to be more concentrated in fine rather than in coarse grained
sediments. By correlating grain size and metal concentration it becomes
possible to determine if the sediment is enriched in a particular metal.
This is a useful tool for identifying a potential contaminated sediment, but
it fails to account for the intrinsic heterogeneity of estuarine sediments

wames A& Mdoore
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(i.e., grain size) and provides little information on the source (i.e.,
natural vs. anthropogenic) of the observed metal concentrations. Once a
contaminated sediment is identified, metal concentrations are normalized to
aluminum, This not only factors out heterogeneities in grain size but also
allows for evaluation of whether an observed metal concentration is at a
natural level (referenced to crustal or carbonate rock ratios) or elevated
(enriched) due to anthropogenic inputs.

Specific gravity measurements and Atterberg limit test results are employed
primarily to determine the suitability of a particular sediment as

construction material around disposal sites.

Ammonia, TKN, and Mitrate

Nitrogen compounds such as ammonia, nitrite, nitrate, and organic
nitrogen (TKN) Ilimit productivity of phytoplankton in southeastern
estuaries. Nitrates typically comprise the highest concentrations of
nitrogen compounds in estuarine waters while ammoniacal nitrogen is
" considerably less abundant. However, sediment-bound ammonia is
potentiaily the most critical problem during dredging operations since
ammonia can stimulate planktonic growth (or epiphytic algae) and yet, be
toxic to estuarine organisms. (Estuarine phytoplankton begin to "bloom"
as ammonijum concentrations approach 0.1 mg/l, while EPA and DER have
established an unionized ammonia concentration of 0.02 mg/l as being
toxic).

Total Phosphorus, Phosphate, and TOC

Phosphorus, phosphate, and total organic carbon (TOC), like nitrogenous
compounds, are essential nutrients. Although these nutrients are released
during dredging, no adverse impacts to exposed estuarine biota are
anticipated since nitrogen is generally the limiting nutrient to algal growth
in most southeastern estuaries. Consequently, they are less critical than
nitrogen release during dredging operations,
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Metals: Arsenic, Cadmium, Chromium, Copper, Iron, Lead, Mercury,
Nickel, Silver and Zinc.

Heavy metals enter the estuarine environment from both natural weathering
processes and anthropogenic sources. As fresh and brackish waters meet
at the head of an estuary, various physico-chemical processes cause
riverborne particulate matter to flocculate out of suspension. Thus,
estuarine sediments act as a sink for heavy metals and other contaminants,
reflecting the chemical composition of the drainage basin which they
border.

A commonly expressed concern with sediment bound metals is not
necessarily acute toxicity to estuarine biota, but chronic effects that can
occur  if metals become incorporated into the estuarine food web via bio-
concentration and bioaccumulation processes,

Toxic Organics: Pesticides (Aldrin, Toxaphene, DDT, Chlordane, and

Mirex)

Each of the pesticides examined in this study is an organdchlorine
compound that is somewhat refractory in the estuarine environment (the
pesticides above are listed in order of decreasing toxicity to humans).
Thus, if pesticide contamination is a problem at any of the ports samples,
the presence of these organic compounds would indicate the extent of the
problem,

Chlorinated hydrocarbons have low solubilities in natural waters, and
therefore will generally accumulate in sediments after they are introduced
into estuarine waters. Spring water samples showed extremely  low
concentration of pesticides, confirming the belief that sediments probably
act as a sink for these compounds.

Biochemical Oxygen Demand

Biochemical Oxygen Demand (BOD) measures the concentration of oxidizable
organic matter and the oxygen demand of that organic material (OM] in



-80-

water and sediment samples. However, because complete oxidation of
organic matter does not occur, BOD estimates only the total OM in the
sample, and Total Organic Carbon (TOC) provides a more accurate
approximation of organic matter\co"ncentration. Thus, BOD predicts the
amount of oxygen in mg/l required to oxidize the organic matter present in
a particular sample.

3

Toxic Organics: PCBs and Phenols

Polychlorinated biphenyis (PCB) and phenols comprise a group of toxic
synethic organic compound that have been chronically discharged into the
aquatic environment.

Like chlorinated pesticides, PCBs are highly resistant to microbial
degradation and can be assimilated into aquatic food webs. PCBs have low
solubilities and tend to accumulate in estuarine sediments, Phenolic

compounds are more labile and are therefore more acutely toxic than
chiorinated hydrocarbons.

Total Suspended Solids (Measured as Total Fiiterable Residue)

TSS measures the total concentration of particulate matter in the water
column; expressed as mg/l. Although numerous studies have attempted to
make TSS and turbidity synonymous, they are not.

Suspended solids are always a problem associated with dredging and
disposal operations since they reduce surhight penetration reaching
photosynthetic organisms through the water column, These particulates
have been shown to adsorb metals and other potential contaminants.

Radium 226

Radium 226 was examined only at sediments from Station TPA-4 where
radium has been associated with phosphate processing activities. Radium
226, a member of the Uranium 238 series, is one of the easiest isotopes to

analyze. It occurs naturally in phosphate rich terrain.

Dames & Mogre
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Fluoride
Fluoride is a potential contaminant at those ports handling large quantities
of phosphate materials. Therefore, Fluoride analyses were performed only

at Tampa, Manatee and Station JAX 4 at Jacksonville.

lron

Iron is seldom a contaminant in the estuarine environment, but it can be
an efficient scavenger (especially ferrous iron, FE I[l) of heavy metals in
the water column. Thus, the presence of ferrous iron in dredged
sediments may scavenge and bind toxic metals during dredging/disposal
operations and minimize the potential impacts associated with heavy metals,

Oil and Crease

Because of their insolubility, higher molecular weight hydrocarbons are
generally encountered in sediments rather than the water column of an

estuary.
5.5.1 Parameters Excluded From Analysis
It was decided that the Class IlIl water quality parameters listed below

could be excluded without greatly impacting the results of the program,
certainly not in a way commensurate with the additional costs.

Generally, because the rational for exclusion is often similar for several
parameters, the following paragraphs discuss parameter exclusion by
groups:

Chlorides, Bromates, Bromine, Chlorine and Fluorine

The halogens are abundant in estuarine waters and it is not likely that
ary are released in amounts that greatly affect total concentrations.
These substances are extremely soluble and are therefore not likely to be

Dameas % Moore
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associated with sediments in a way so as to be released during dredging
operations.

Chromium (Vi) and Beryllium

There is no indication that concentrations of these metals should be
expected to be high in any of the ports (i.e. there are no specific sources
of these metais in the ports). |If levels are high, they are likely the
result of non specific, multicomponent inputs and would be reflected in the
concentrations of the other metals that are included in the study. In
addition, analysis of beryllium in estuarine waters is difficult and not’
likely to be accomplished in most commercial laboratories with any degree
of accuracy. Total chromium analysis should indicate any potential
problems related to Cr (VI). '

Oil and Grease (Water Column), Detergents

These substances are surface active and are therefore not uniformly
distributed in the water column., Thus, it is almost impossible to obtain a
representative sample. Their concentrations are also quite variable in
ports since rates of inputs vary considerably in relation to port activity.
They are also biodegradable. The sampling program adopted for this
study would provide little useful information on these substances.

Dames & Moore



-83-

Radium 228 and Gross Alpha Particle Activity

There are no identifiable sources of radiocactive material in any of the
ports with the possible exception of Tampa. Eecause of the expense of
these analyses it was felt unwarranted to include these parameters for all
stations in all ports.

4

Alkalinity

The alkalinity of estuarine waters is naturally high. Substantial alkalinity
variations due to other than natural processes is unlikely,

Bacteriological Quality and Biological Integrity

These are rather general water quality criteria that cover a broad range of
parameters. Any meaningful investigation of these parameters would be
prohibitively expensive for this study.

Cyanide
No known problem concerning cyanides exists in any of the harbors. No
potential problems are anticipated regarding this substance and therefore

inclusion was not considered to be cost effective.

Pesticides and Herbicides

The expense of determining all of the pesticides listed in Table 1-1 would
be excessive and certainly not cost effective, The pesticides chosen for
inclusion in the study are generally more persistent than those excluded.
For exampie malathion degrades rapidly in aqueous media with a haif life
measured in hours to days, whereas DDT, Mirex and toxaphene and their
residues méy persist for months or more.

Dames & Mocre
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Selenium

There are no indications of problems related to this metal. Its anélysis in
natural waters is difficult and certainly not '"state-of-the-art" for
commercial laboratories. The environmental chemistry of selenium is similar
to that of antimony and arsenic which are included in the study. If the
concentrations of these parameters were excessive in any of the ports,
additional analyses for selenium would have been warranted.

Transparency

This parametef varies considerably in time and space - due to physical,
chemical and biological processes. Inclusion of this parameter in the study
would . provide little useful additional information regarding potential
environmental problems related to port maintenance.

Phthalate Esters

Analyses of these substances is not ustate-of-the-art" for commercial
laboratories and are expensive if. done correctly. There was no evidence
to suggest that they were an important problem in any of the ports.

5.6 FIELD SAMPLING PROCEDURES

Sampling procedures and methodology are outlined below for use as a
general guide for properly collecting in-situ data and collecting and
handling water and sediment samples. These procedures were utilized in
field work related to this study.

5.6.1 Occupying The Station

Several factors must be considered when occupying a station, These
factors and the methods used to occupy a station are as follows:

1. The proposed station locations should be plotted on nautical
charts before leaving berth. When approaching the station it is
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important to make note of several observations which inciude the
following:

a. the location of channel markers
b. direction and velocity of current
c. frequency of ship traffic

d. point pollution sources

e. channel width

2,. To locate the proposed sampling station relative to the dredged
channel, the boat is positioned so that a transect can be run
perpendicular to the channel and plotted using the recording
fathometer. The station number, date, compass heading, engine
rpm and start and end points of each transect are recorded
directly on the fathometer record (Figure 5-1). After plotting
the channel boundaries, a marker buoy is deployed at the
desired station location and another transect is completed across
(perpendicular to) the channel, marking the sampling buoy
location on the fathometer records. The locations of sampling
stations positioned in channels will be determined primarily by
ship traffic.

3. Depending on current velocity and direction, the bow anchor is
dropped so that when anchor is set, the boat will be near the
station marker buoy and within the dredged channel., Wind
direction and velocity will determine if a stern anchor is
necessary to maintain the position within the channel,

4. Using magnetic bearings of local land marks (radio towers, water
tanks, and so forth), locate and mark the station on the
appropriate nautical chart.

5. Verify water depth using both the recording fathometer and lead
line.

6. Record time, date, depth of water, meteorological conditions,
water conditions and general observations (distance from
outfalls, point pollution sources, and so forth) on the
appropriate data sheets (Figure 5-2).

5.6.2 Water Column Sampling

Water samples can be collected with either discrete samplers (e.g.,
Kemmerer bottle) or a pump (e.g., peristaltic or magnetic), providing the
equipment and accessories are constructed of a non-contaminating material
(e.g., Teflon or silicon). Discrete samples however, can be easily
contaminated when the open bottle passes through surface water which
contains metals and low molecular weight organic compounds. In some
cases, contamination may be minimized by avoiding visible surface slicks or
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by selecting a sampler with a large surface to volume ratio (EPA-COE,
1981).

Sampler contamination problems can be overcome by using a pumping
device for water collection. The important factor in minimizing
contamination during sampling using a pump system is to flush the system
thoroughly prior to sample collection. For this project, a peristaltic pump
was used for water column sample collection.

Peristaltic Pumping System

Preparation for mid-depth water sampling using the peristaltic pump is as
follows:

1. Swing the davit to the outboard position and secure.

2. Locate the peristaltic pump near the davit and connect the
electrical leads to a 12V power source (automobile or marine
battery).

3. Attach a plastic coated 10 kilogram weight to a 3/8-inch
polypropylene line and secure the line in the snatch block on the
davit. Secure the free end of the line and hang the weighted
end overboard and lower into the water. The line should be
calibrated to insure accuracy in sampling depth.

y, Insert the pump head in the peristaltic pump housing.

5. Remove the pump head cover using a screw driver and lay
(wrap) the silicon tubing around the pump head rollers so that
two feet of tubing (the effluent end) extend from the pump
head. Replace the cover. (The pump head should be lubricated
on a regular basis by removing the pump head cover and
spraying the rollers using a spray silicon lubricant. When the
pump head is lubricated, the silicon tubing should be shifted so
that a different area of tubing is over the roliers.)

6. Insert the effluent end of the silicon tube into a four-inch cube
of wood with a one-half inch hole drilled through for the line
and another one-half inch hole drilled perpendicular to and
slightly offset from the line hole. This block should be placed
on the line approximately one foot above the plastic covered
weight. Secure the tube using tie wraps., The intake end
should extend two to three inches from the wooden block.

7. Lower the plastic coated weight to mid-water depth. If the
current is greater than 1} knots, the silicon tubing must be
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secured with duct tape to the polypropylene line at three to five
foot intervals, If a strong current is encountered, deflection of
the weighted line scope must be considered in order to assure
mid-water sampling. '

8. Start the pump by pushing the switch to the forward position.

‘ If the pump is functioning properly it should prime and begin

pumping water in about thirty seconds. Flush the pumping

system for a minimum of two minutes before taking the first

. sample. Be sure to keep fingers' and objects away from the
effluent tube opening.

9, Flush sample container twice.

10.  Collect sample,

11. When sampling is completed, shut the pump off and ailow excess
water to drain from the system. Secure a whirl pac over the

effluent tube, being careful not to touch the end of the tube.

12, Retrieve the weighted line so that the weight is hanging just
below the water's surface and cleat the line.

13. Secure a whirl pac over the influent end of the silicon tube after
all residual water has drained from the tube.

14, Swing the plastic coated weight into the boat and release the line
from the cleat. The line can then be removed from the snatch
block on the davit.

15.  Secure the pump (pump head attached) and tubing.

16, Release davit lock, swing inboard and secure,

Salinity/pH Measurement

Salinity is measured using a temperature compensated refractometer and pH
is measured using a temperature compensated pH meter, Both the
refractometer and the pH meter must be calibrated before use. The
refractometer is calibrated by pouring distilled water onto the reading
plate, The instrument should show zero salinity on the indicator scale. |If
the value is not zero the instrument should be adjusted. The pH meter is
calibrated using buffer solutionz of known pH. The temperature of the
buffer solution should be measured using a standard thermometer and
recorded. Both salinity and pH are measured before and after water
column sampling. Sample is collected for measurement in a rinsed cup,
after completing steps 1 through 9 listed above.
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Metals

Flush six haif-liter polyethylene bottles twice and then fill each bottle with
water from the pump effluent. It is important to keep fingers and objects
away from the end of the pump effluent tube and away from the mouth of
the bottle. The effluent tube should not be allowed to touch or fail inside
of the sample bottle. Should a sample bottle become contaminated, wash
the bottle using a solution of 5 ml nitric acid (HNO3) and 10 ml of
deionized water, Flush the bottle several times and then collect another
sample. Once a sample is collected, add 0.5 ml of Utrex ultrapure nitric
acid to each sample bottle. If an automatic pipet is used, caution should
be taken to avoid drawing acid into the pipet hoﬁsing as sample
contamination will resuit., Clearly mark each sample bottle with a
permanent marker, Samples do not need to be stored on ice.

Sample contamination is probably the greatest problem associated with
coliecting metal samples, Contamination can occur at the time samples are
collected if metal devices are used during handling and contazinment. In
addition, glass containers adsorb metals which can then be released to the
original uncontaminated sample. Cadmium adsorbs to glass at
concentrations that are elecated ten times higher than non-glass
containers, Therefore, in view of these considerations, most metal samples
should be placed in plastic containers. Unfortunately, atmospheric
mercury readily diffuses through plastic, and mercury samples must be
placed in glass bottles,

BOD/TSS
Flush three two-liter polyethylene bottles twice and then fill each bottle
with water from the pump effluent. Clearly mark each bottle using a
permanent marker and store on ice.

Ammoniz (NH“)

Flush three 250 ml polyethylene bottles twice and then fill with water from
the pump effluent. After sample collection, fix each sample using 0.5 ml
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concentrated sulfuric acid (stou)' Caution should be exercised when
using the automatic pipet to avoid sample contamination. Clearly mark
each bottle with a permanent marker and store on ice. '

Precautions should be taken in handling, shipping and storage of nitrogen
compounds due to their instability, Ammonia is easily volatilized and thus,
ammonia concentrations can inadvertantly be reduced after being collected.

(Nitrates are unstable in the presence of oxygen and readily volatilize.)

Fluorides, BOD and TSS

Fluoride samples are collected in two-liter polyethylene bottles along with
BOD and TSS during the spring sampling program. During the fall
sampling period, smaller containers (three four ounce polyethylene bottles)
were used for fluoride samples only. Sample collection for fluorides should
follow the same methodology as previously mentioned for the spring
program. Samples for fluoride do not require acid fixation or iced storage
(BOD and TSS are stored on ice).

After sample collection for these parameters, secure the peristaltic pump as
previously discussed.

Pesticides

Particular caution must be exercised during the collection of organic
samples (pesticides and phenols) since there are a number of contaminant
sources on the boat. To collect sample fo:; organic analysis, affix a
one-liter glass jar to the all metal hand-heid water and sewer sampiing
device, Thrust the device into the water so that the sample container is
five to six feet beneath the surface. Open the container and when
approximately one-half full, retrieve the jar, agitate and empty. Again,’
thrust five to six feet below water surface, allow the sample jar to fill and
retrieve, Repeat the sequence so that three samples are collected.
Examine each bottle cap to insure an aluminum. foil or teflon liner is
present. If no foil is present, place a piece of aluminum foil over the
mouth of the jar and then secure the lid. In order to avoid contamination
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of the sample, insure that the foil has not been touched and has not been
in contact with any object where the foil contacts the water sample.
Clearly label each bottle by placing a piece of duct tape on the outside of
~ each jar and marking with a permanent marker or wax pencil. Store each
bottle on ice,

Phenols

Affix a one-liter glass jar to the all metal hand-held sampling device,
Thrust the device to a depth of five to six feet and allow the jar to
partially fill, Retrieve, agitate and empty the jar. Again, thrust the
device to a depth of five to six feet and allow the jar to fill with sample.
Repeat the sequence so that three sample jars are filled. Add 1 mi of
concentrated sulfuric acid (H25°43 to each bottle, using a glass pipet to
measure the acid. Be sure each jar cap has an aluminum foil or teflon
liner. If the foil liner is missing place aluminum foil over the jar top and
then secure the cap. Be sure not to touch the foil where it is in contact
with the sample water. or sample contamination may result., Cleariy mark
each jar and place on ice.

5.6.3 Sediment Sampling

Estuarine sediments act as a sink for most upland-derived pollutants.
Thus, it is the sediments, rather than the overlying water ‘column, that
generally reflect the distribution of contaminants within a particular
estuary. By performing chemical analyses on bulk sediment, information is
generated on the total concentration of the chemical constituents in a
sediment sample. Bulk analysis alone however, cannot predict potential
water quality impacts that may result from a dredging event, but they are
used as an aid for making an inventory of the pollution climate at each
port.

One of the biggest potential problems with collecting sediment samples for
chemical analysis is sample contamination, The most likely source of
contamination comes from allowing the sediment sample to come into contact
wifh collecting equipment (e.g., ponar, plastic or metallic utensils), the
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boat chassis, or by inadvertently touching a sample. Additionally,
handling and storage techniques can also have an effect on the final
laboratory resuits. '

Sampling techniques used to coilect sediment samples during the field
program are as follows:

Deploy Bottom Sampier

Attach one-half inch non-stretch (Dacron) line to the ponar dredge. Place
the line through the snatch block on the davit. Secure the line to a
nearby cleat. With assistance, carefully cock the ponar and lift it
overboard. Lock the davit in the outboard position. Remove the line from
the cleat and begin lowering the ponar to the bottom. Once on the
bottom, tie a knot in the line to assist in judging ponar contact with the
bottom during succeeding bottom grabs at the station being sampled, then
trip the release mechanism to collect the sample.

Sample Collection

Retrieve the ponar. When the dredge is well above the gunnel of the
boat, unlock the davit and carefully swing the ponar inboard. Care
should be taken to keep hands and feet safely situated so that if the
ponar accidentally falls no injuries will result, Once inboard, lower the
ponar into a rectangular plastic pan. The pan should have low sides and
shouid be larger than the ponar so that the device can be easily opened.
The ponar must remain low in the pan so that When the jaws of the dredge
are opened the sample will slip out of the dredge and into the pan without
mixing.

TS, TOC, Metals, Grain Size, Specific Gravity, BOD, Ra

Using non-metailic utensils, remove the oxidized layer from one-half of the
surface of the sample in the plastic pan. (The oxidized layer may only be
about one-sixteenth inch thick.,) Fill a one quart plastic jar with sediment

from the pan., To avoid collecting sediments that were in contact with any
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part of the ponar dredge, care should be taken not to scrape the pan.
Clearly mark each sample bottle with a permanent marker and store the
samples on ice, '

PCB, Pesticides, Oil and Grease, Phenols

Using metallic utensils, remove the oxidized layer from the remaining half
of the sample remaining in the plastic pan. Fill a one quart glass jar with
sediment from the pan., Care should be taken not to scrape the pan to
avoid collecting sediments that were in contact with the ponar dredge.
Attach duct tape to the outside of the jar and clearly mark each sample
bottle using a permanent marker. Store the sample bottle on ice.

Replication

Repeat the procedures outlined in Sections 5.6.2 and 5.6.3 twice more to
obtain triplicate samples.

Sedimentation Rates and Atterberg Limits

A Lexan coring device is used to collect samples for Atterberg Limit tests
and sedimentation tests, 'l"his corer cannot be used when the bottom
sediment is firm sand or sand with rock fragments. Prepare the device
for sampling as foliows: 'secure the Lexan corer to the line. Place the line
through the snatch block of the davit and cleat the free end. Swing the
davit to the outboard position and secure. With assistance from crew
members lift the Lexan carer overboard. Set the trigger device and grasp
the tripping messenger. Slowly lower the corer to the bottom and tie a
knot in the line to aid in judging bottom depth for successive samples at
the station, If the bottom sediment is fine grained, soft or loose, the core
barrel will slide through the material under its own weight. When the
material is firm, the core may have to free fall for the last two to three
feet of water depth in order to penetrate the bottom sediment and fill the
core barrel. Retrieve the core sampler. Retrieval should cease when the
top of the coring device is at the water's surface., A crew member must

then reach overboard, place a hand over the bottom of the core barrel and
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lift the core device inboard. The sample can then be extruded into a
plastic pan. Visually inspect the recovered sample noting amount
recovered and soil type, then .homogenize the sample, and place into a
plastic one quart jar and seal. . Clearly mark the sample jar with a
permanent marker. Store samples away from heat or direct sunlight,

5.6.4 Sample Inventory

Before leaving a sample station an inventory should be completed to insure
that all necessary samples have been collected. A sample inventory
checklist similar to those presented on Figures 5-3 and 5-4 can be used.

5.6.5 "In-Situ" Data Collection

One important aspect of water column analysis involves completing in situ
measurements each time water or sediment samples are collected.
Information regarding salinity, conductivity, pH, temperature, and
dissolved oxygen values encountered during each sampling episode is
paramount for making valid interpretations for metals, nutrients, and
organic materials. Procedures for completing in situ field measurement are
as follows:

Salinity, Conductivity and Temperature

Determine and record salinity, conductivity and temperature at the
beginning and at the end of mid-water column sampling (Figure 5-2).
"In-situ" measurement of these parameters is éasily accomplished using an
SCT meter such as the Yellow Springs Instrument, Inc., Model 33 with a
50-foot probe cable (or other comparable device), explicitly following the
manufacturers operation procedures. Before data collection begins, the
instrument should be "warmed up" for 15 minutes and calibrated before
each use, Calibration is completed by: 1) adjusting the mechanical zero
screw (under the meter scale on the face of the instrument) so that the
indicator needle is on zero, With the instrument turned off, 2) turn the
mode control dial to "red line" and adjust the indicator needle so that it

lies over the red-line indicator on the meter face, 3) plug the probe jack
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into the side of the instrument, 4) lower the probe to mid-water depth, 5)
set the mode control dial to temperature and allow time for the probe
temperature to come to equilibrium with that of the water before taking a
reading; 6) switch the mode control dial to salinity and record the salinity
indicated in parts per thousand; 7) depress the cell test button and see if
the new reading is the same or within two percent of the salinity value
recorded (Step 6); 8) switch the mode control to the x100 on the
conductivity scale., If the reading is below 50 on the 0-500 range switch
to the x10 scale. If the reading is still below 50, switch to the x1 scale.
Read the meter scale and multiply the reading by the appropriate x scale
number and record the result as hos/cm. The result is not temperature
compensated (consult the instruction manual for reading error due to
temperature). When operating on the x100x10 scales, depress the cell test
button. The meter reading should fall less than two percent; if greater,
the probe should be cleaned and the conductivity re-measured. The cell
test button does not function on the x1 scale,

Once all readings are taken and recorded, the S-C-T mode control dial
should be turned to the off position, The probe should be rinsed with
distilled water and the cable rewound on the cable holder. The instrument
and probe should be stowed so that they are well cushioned and will not
absorb shock when the boat is underway. The instrument and probe
should not be left exposed to the suns rays for more than a few minutes
before use. '

pH Determination

. In the field, pH was measured using an analytical pocket pH meter, Model
107. Mid-—depth' water samples can be taken in a styrofoam drinking cup
or plastic bucket from the peristaltic pump effluent, Before using the
instrument it must be calibrated as follows: 1) connect the probe unit to-
the meter housing (the probe does not need to be disconnected during the
field program); 2) measure the temperature of the buffer solution to be
used in calibrating the meter; 3} set the meter by turning the temperature
dial to the measured temperature; %) turn the selector switch to pH; 5)
immerse the probe in the buffer solution and adjust the buffer knob so
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that the needle indicates the pH value of the buffer (solution shouid be
free from contaminants); 6) turn the selector dial to the "check" position
and record the readings. |If the buffer knob is inadvertently moved
during testing simply reset the buffer knob to the value noted in the
check mode; and 7) remove and rinse probe with distilled water and stow.

Dissolved Oxygen

Dissolved oxygen was determined using a Yellow Springs Instrument, Inc.,
Model 51A dissolved oxygen meter (comparable equipment can be
substituted). Dissolved oxygen values are determined for surface,
mid-depth and bottom waters. Note: only mid-depth D.O. was determined
during the spring field program except at Port of Tampa and Port Manatee
where. surface, mid-depth and ‘bottom D.O. values were determined as
shown in Appendix B by lowering the probe to the desired depth and
recording the reading indicated, The instrument shouid be prepared for
use as follows:

1. Connect the two probe jacks to the instrument,

2. With the instrument turned off, check the mechanical zero of the
meter. If the pointer is not over the zero adjust the pointer
with the screw on the front of the meter., Recheck when the
position of the instrument has changed.

3. Switch to "CALIB 0," position and adjust the indicator to
Altitude 400 on the small scale in the upper right of the large
scale on the face of the meter, If 400 cannot be attained,
replace the batteries, |[If a different model meter is used the
procedure will differ, Consult the operation manual for the
model meter being used.

u, Place a paper towel or cloth around the D.0O. probe and wet with
fresh water, Leave the meter on and let the probe remain
wrapped and out of the sun for 15-20 minutes.

5. Switch the indicator knob to "full scale" and adjust to the full
scale value if necessary.

6. Switch the indicator knob to "Temp" and adjust the large dial
(using "Fresh Water Scale") to temperature.

7. Turn the indicator swftch to "Read" and check D.0. The vailue

indicated should be close to the saturated zir D.O. reading
given in the table on the back of the meter for the specified
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temperature. [f the determined value is very different from the
value given in the table repeat the calibration sequence. If the
meter is turned off, the above sequence must be repeated.

8. Lower the D.O. probe to the desired depth of water and allow it
to equilibrate for one to two minutes.

9. Turn the indicator switch to "Temp" and adjust the large dial,
using the "Sea Water Scale", to the appropriate temperature.

10. Turn the indicator knob to "Read" and record the D.0O. value
given,

11. When D.O, readings are completed the meter should be turned
off and the probe should be rinsed with distilled water and
stowed so that the probe membrane remains moist. The
instrument and probe should be stowed out of direct sunlight.

Occasionally an air bubble will form under the probe membrane. When this
occurs the membrane must be removed, A small O-ring holds the
membrane in place. Holding the probe so that the membrane end is up,
fill the central cavity with KCL solution using a pipet. The KCL crystals
and membranes are contained in the YSI 5034 service kit which should be
on board. Proper technique for membrane replacement is shown
diagrammatically as part of the service kit.

Water Temperature

Surface and bottom water temperatures were determined using the S-C-T
meter and the D.O. meter previously described. Mid-depth water
temperature was also determined with a standard thermometer by collecting
mid-depth water, with the peristaltic pump. The thermometer was allowed

to remain in the water sample for approximately one minute before it was
read.
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5.7 LABORATORY ANALYSIS

5.7.1 Laboratory Sample Handling Procedures

Samples were brought into the laboratory, unpacked, checked for proper
identification, labeling and custody forms, and logged into a Sample
Registry Book. Unstable samples were immediately refrigerated and
prepared for analyses.

The following parameters were processed on the day the samples were
received: BOD, nitrate, phosphate, total phosphorus, suspended solids
and ammonia,

The following parameters were processed within one week of the day the
samples were received: TOC, TKN, pesticides, phenols, mercury and
PCBs.

The following parameters were processed upon completion of the analyses
for the parameters listed above: metals. ’

The Chief Chemist and/or the Laboratory Director prepared all job
assignments, made daily checks to see that all samples were prbperly
logged in and processed within the above holding times (Federal Register
by, No.' 244, December 18, 1979), and supervised QC/QA assignments.

5.7.2 Quality Control Program

For each new procedure, a standard curve with a minimum of five to seven
points was prepared. This curve was used to determine the lower and
upper limits of concentration under optimum conditions of analysis.
Percentage relative standard deviations are determined from five or more
values near the lower detection limit and at mid-range.

With each batch of samples, the following measures were taken: (a) a

reagent blank was run; (b) a standard was run near the mid-point of the
standard curve; (c) at least cne sample was spiked with a standard; (d)
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duplicate analyses were made on at least one sample for precision data; (e)
when more than 10 samples were run, 10 percent of all samples were run
in duplicate. If after the results were calculated, it was determined that
the samples had a wide range of valtes or values near the detection limit,
additional spiked samples were run,

5.7.3 Procedures

The laboratory procedures used in the analysis of water and sediment
samples collected as part of the spring/dry season field program are
presented in Tables 5-2 and 5-3 on the following pages.

The standard elvtinate test was run in accordance with the procedures
outlined in, "Procedures For Handling and Chemical Analysis of Sedime.nt
and Water Samples® (EPA/COE Technical Committee on Criteria for Dredged
- and Fill Material - Published by U.S. Army Engineer Waterway Experiment
Station, Vicksburg, Mississippi). Wet sediment samples were stored at
40°C prior to extraction and were processed within one week. Sediments
were extracted for thirty minutes with four parts (VOL/VOL)} site water.
The mixture was aliowed to settle for one hour prior to .045 filtration and
analysis.

5.7.4 Detection Limits Of Analytical Procedures

Detection limits for the nutrients (ammonia, TKN, nitrate, phosphate and
total phesphorus) were 0.01 ppm for water sampies and 1 ppm in sediment
samples. This level of detection was obtained by using an expanded
range-10 cm. path length spectrophotometer for the colormetric methods
and a specific ion electrode for the ammonia and TKN determinations.
Interferences in the sediment extracts prohibit a lower detection limit for
these analyses,

The limiting factor for detection limits for metals in water samples is the
signal to noise ratio, which is effected by sample collection techniques,
purity of acids and other reagents, and the sample matrix. In general,
the detection limits for each of the elements analyzed by atomic absarption
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spectroscopy is two times the standard deviation of the results from a high
purity reagent blank sample. The blank concentrations were minimized by
using ultra pure reagents (i.e., redistilled nitric acid). Contamination of
field samples was minimized by prewashing all collection bottles and other
glassware with dilute acid and using an isolated "clean" area for sample
preparation and extractions,

In saline samples the detection limits for metals required by Florida Class
11l water standards can only be obtained by procedures which will reduce
the sait matrix interference. For this reason the APBEC-DDDC and MIBK
extraction procedure was used for determining cadmium, chromium, copper,
iron, lead, nickel, silver and zinc. Applying this procedure to an
acidified-nonfiltered sample gives results which represent the weak
acid-leachable metals. The gaseous hydride technique was used for
analysis of antimony and arsenic, and mercury was analyzed by the
cold-vapor technique. By using these uitrasensitive techniques, detection
limits were in all cases beiow the Fiorida criteria for Class i1l waters.

As was the case with metals, detection limits for the phenolic compounds
were below Florida Class Ill water standards. The low detection limits
were achieved by concentrating the sample to as high a degree as possible
(limited by interferences) and using a highly sensitive electron capture
detector (gas chromatography).

Detection limits for several of the pesticide components and PCBs were
above current Florida Class Il water standards. At the onset of this
project the laboratory was instructed to use'techni‘ques which could be
readily applied in the future for regulatory purposes and to achieve
detection limits at least equivalent to the Florida DER Laboratory. It was
decided that it was not practical to take field samples greater than one
liter for each organic analysis. Thus, the size of the sample limited the
detection limit. It is doubtful that even if larger samples were extracted
that detection limits as low as the Florida Class lll standards could have
been obtained for muitipie component pesticides (chlordane and toxaphene)
and PCBs,
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In order to reduce background interference, high purity soivents were
used on all extractions, thus increasing the sensitivity of the method.

In all cases the detection limits for- pesticides and PCBs were as low or
lower than those routinely obtained in the Florida DER Laboratory, other
state environmental laboratories in the southeast, or by the EPA Regional
Laboratory in Athens, GCeorgia. To obtain lower detection limits, research
techniques would have to be employed with specially prepared high purity
solvents, Sample clean up procedures would have to be used to remove
interfering components (i.e., sulfur in sediment) and the extract would
have to be concentrated several thousand fold prior to injection. Recovery
rates would have to be evaluated to determine how much of the various
components were lost in clean up procedures. These procedures would
increase the cost of analyses several fold and would provide questionable
resuits. Thus, they would not be practical or cost effective from a
regulatory standpoint.
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TABLE 1-1

WATER QUALITY PARAMETERS
CHAPTER 17-3 FLORIDA ADMINISTRATIVE CODE

Surface Waters General Criteria

Arsenic
BOD ‘
Chiorides
Chromium hexavalent
total
Copper
Detergents
Fluorides
Lead
Nutrients - total Nitrogen
‘ total Phosphorus’
Oils and Grease
pH
Phenolic Compounds
Radioactive Substances (RA 226 and
RA 228)
Specific Conductance
Turbidity
Zinc
Dissolved Oxygen

Class |1l Waters

Alkalinity

Aluminum

Ammonia (un-ionized)
Antimony
Bacteriological Quality
Beryllium

Biological Integrity
Bromine and Bromates
Cadmium

Chlorine (total residual)
Copper

Cyanide

Dissolved Gases
Dissolved Oxygen
Fluorides

lron

Lead

Mercury

Nickel

Nutrients

Pesticides and Herbicides
Aldrin and Dieldrin
Chlordane
DDT
Demeton
Endosulfan
Endrin
Guthion
Heptachior
Lindane
Mailathion
Methoxychlor
Mirex
Parathion
Toxaphene

pH

Phosphorus (elemental)
Phthalate Esters
Polychorinated Biphenyls
Selenium

Silver

Transparency

Zinc
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TABLE 1-2

LABORATORY ANALYSIS
SPRING/DRY SEASON

Parameter Water Sediment

Aldrin A, B, C
Aluminum -
Ammonia

Antimony

Arsenic

Biological Oxygen Demand
Cadmium

Chlordane

Total Chromium
Copper

DDT

Fluoride*

lron

Total Kjeldah! Nitrogen
Lead

Mercury

Mirex

Nickel

Nitrate

Qil and Grease

Total Organic Carbon
PCB's

Phenols

Phosphate

Total Phosphorus
Radium 226**

Silver

Total Suspended Solids
Toxaphene

Zinc

Grain Size

Specific Gravity
Atterberg Limits
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**  Port of Tampa Station TPA-4B only
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Parameter

Aldrin
Aluminum
Ammonia - N¥
Cadmium
Chlordane
Copper

DDT

Fluoride*

lron

Lead

Mirex

Mercury

Nickel -
Nitrate - N*
Qil and Crease
Phenols
Phosphate - P*
Silver

Total Chromium

Total Kjeldahi Nitrogen
Total Organic Carbon*

Toxaphene

Zinc

Crain Size
Specific Gravity

Atterberg Limits

®

' All Ports
All Ports
All Ports

All Ports

All Ports
All Ports
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TABLE 1-3

LABORATORY ANALYSIS
FALL/WET SEASON
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TABLE 1-4

SUMMARY OF POTENTIAL BIOLOGICAL IMPACTS IN ESTUARIES
ASSOCIATED WITH DREDGING ‘

Habitat

Water Column

[4

Estuarine Benthic
Communities

Impact at Dredge Site

The direct impacts of dredging
may include increased turbidity,
Total Suspended Solids (TSS),
and the release of nutrients.
These impacts are most likely

to have an adverse effect on
plankton organisms.

Turbidity and TSS reduce light
penetration that is essential

for photosynthetic phytoplankters
which are important primary
producers in plankton-based food
webs. Turbidity problems at a
hydraulic dredge site are gen-
erally not as great as turbidity
associated with return waters at
the disposal site, since deeper
channels are generally biologic-
ally depauperate. However,
turbidity generated by dredging
methods that do not offer as much
control over the dispersal of fine
material (e.g. hopper dredges)
present the greatest concern in
most dredging operations,

Nutrients can stimulate biological
production, which in turn creates
greater BOD and Tower dissolved
oxygen concentraions in the water
column. They can be acutely
toxic (e.g., NH,) to the biota.
Solubilization of “toxic substances
released at the dredge head is
also a problem that could lead to
bioconcentration by estuarine
biota.

Increased turbidity and TSS loads
can clog breathing and feeding
(e.g., filter feeders) mechanisms,
or directly smother live bottom
areas. Resuspended contaminants
can be oxidized and microbially-
activated (e.g., via bio-
alkylantion processes) so that
they can be passed into estuarine

Impact at Disposal Site

Impacts adjacent to
disposal sites are
qualitatively the same

as for the dredge site,
but for certain impacts,
especially those associated
with nutrients, turbidity
and TSS, problems may be
far greater than at the
dredge site. Solubilization
of toxic compounds is also
a concern in disposal site
discharge waters since
these compounds may be
taken up by estuarine
biota.

Impacts are the same as
for dredge site, athough
disposal site littoral areas
are generally shallower and
productive than deep navi-
gation channels. Thus,
these be much greater and
could affect more species
and individuals.
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Habitat

Coral Reefs

Barrier Islands

Worm Reefs

TABLE 1-4 (Cont'd)
Impact at Dredge Site

Decreased light penetration due
to increased turbidity and TSS
will reduce photosynthesis
carried out by symbiotic
zooxanthellae, eventually killing
corals. Dredge spoils can clog

feeding and breathing mechanisms

of the corals, and calcification
rates may also be depressed by

interference with these process-
es. Nutrients released from the
dredging operation can stimulate
microaigal growth which can also
kill corals. Consequently, food,

shelter, and habitat function of
these reef systems will be
reduced or even eliminated.

Channel maintenance dredging
through or around barrier
islands can alter hydro-
dynamic regimes and reduce
shoreline stability.

Suspended and settable
materials clog feeding and
respiratory mechanisms.
Nutrients released to these
fragile communities can
stimulate growth of encrusting
algal species which cover worm
reefs and destroy colonies.

Impact at Disposal Site

The effects of disposal can
have the same qualitative
impacts as those discussed
for dredging. Dredge
spoils can clog feeding
and breathing mechanisms
of the corals, and
calcification rates may

also be depressed by
interference with these
processes. Nutrients
released from the dredging
operation can also kill
corals. Consequently,
food, shelter, and habitat
function of these reef
systems will be reduced or
even eliminated. Side
casting is extremely
deleterious to coral reef
communities due to blank-
eting and smothering of
biota.

Improper spoiling on
barrier island beaches
(i.e., renourishment)
can eliminate productive
bottom areas, outcrop
habitats, and shoreline
vegetation which export
nutrient-rich detrital
material to adjacent
estuary areas.

Direct disposal on reefs
eliminates food, shelter,
and habitat for biota by
smothering actions. Side
casting products increased
suspended and setteable
solids that clog feeding
and breathing mechanisms.
Nutrients stimulate
undesireable macroalgal
growth over reef habitat.
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Habitat

Seagrass Meadows

Tidal Flats,
Marshes and
Non-Tidal
Wetlands

TABLE 1-4 (Cont'd)

Impact at Dredge Site

focd webs via the bio-
accumulation process.
Additionally, bottom areas can
be disrupted in such a way to
cause difficulties for larvae
settling in the area.

Chronic impacts of dredging

are associated with increased
turbidity and TSS can reduce
light penetration that is crucial
to seagrass survival. Addition-
ally, dredging fine materials can
blanket grassbeds; fine grain

sediment relocation and deposit-

jon in grassbed habitat can
inhibit rhizomes from rooting in
such dredged material. Nutrient
releases can produce localized
plankton blooms which reduce
light penetration; nutrients also
stimulate seagrass epiphyte and
macroalgal (encrusting algae)
growth which in turn reduces
sunlight reaching grassblades.

Direct impacts of dredging -
include elimination of these
productive tidal habitats

which provide food and shelter
for estuarine biota; bottom areas
also sequester pollutants (micro-
bially-mediated) and transform
nutrients into a biologically
useable form. :

Impact at Disposal Site

Diked disposal areas
situated in estuarine
waters will eliminate
productive benthic habitat,
disrupt trophic relation-
ships, and reduce overall
pollutant-assimilation
capacity of bottom areas
(i.e.., by eliminating
microflora).

Qualitative impacts are
essentially the same as

at dredging site, but
since disposal site
discharge waters generally
enter shallower areas,

the potential for each of
these problems is consider-
ably greater if grassbeds
are adjacent to spoil site.
Side casting operations are
particularly deleterios to
seagrasses. Diked dis-
posal areas constructed in
grassbeds will eliminate
productive submerged wet-
lands and destroy food,
shelter, and habitat
required by estuarine
biota that depend on

these nursery areas to
complete their life cycles.

Diked disposal areas
located in tidal flats will
have similar impacts on
those noted for dredging
operations. Diking and
burial will eliminate
these valuable habitats.

DAMES 8 MOORE
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Station -

TPA
TPA
TPA
TPA
TPA
TPA
TPA

"MAN
MAN

JAX
JAX
JAX
JAX
JAX
JAX
JAX
JAX
JAX

PNS
PNS
PNS

1A
2A
3B
4B
5B
6B
7C

1A
2B

1A

3C

TABLE 2-1

SPRING/DRY SEASON

SAMPLE STATION LOCATION

N -

-

Location - Port Tampa

Latitude
27° 56' 28" N
27° 52' 49" N
27° 48" 10" N
27° 51' 21" N
27° 55' 40" N
27° 55' 20" N
27° 39' 13" N
Location - Port Manatee
27° 38' 01" N
N

27° 38' 16"

Location - Port Jacksonville

30°
30°
30°
30°
30°
30°
" 30°
30°
30°

Location - Port Pensacola

1
18!
20
22!
23!
24!
23
23!
25!

uo"
59“
57"
16“
16"
04"
10"
37“
50"

ZZ2Z2ZZ222Z22Z

30° 24' 00" N
30° 21" 15" N
30° 18' 41" N

Longitude

82°
82°
829
82°
82°
82°
82°

82°

R 820

81°
81°
81°
81°
81°
81°
81°
81°
81°

87°
87°
87¢°

26!
26!
2y
23
26!
15!
4o

33
34

49
37
7
37
37
3y
33!
28!
21

12
4
18!

uoll
3g"
L
30"
08"
29“
o1

39“
12"

49"
uull
15"
4g"
35"
52"
16"
yun
40"

“3“
00“
]2"

EEEEEEEES == EEEEEEE

===



Station .

TPA 1A-WET{O)
TPA 2A-WT(O)
TPA 3B-WT(Q)
TPA 4B-WT(O)
TPA 5B-WT(O)
TPA 6B- WOET
TPA 8-SFT
TPA 9-SFT
TPA 10-SFT
TPA 11-SFT
TPA 12-SFT
TPA 13-XT

MAN TA-WET(O)
MAN 2B-WOT
MAN 3-SFT

JAX 3A-FWE(O)
JAX 4B-WJT(0)
JAX 5B-WJ(O)
JAX 6A-WJ(O)
JAX 7A-WOJ
JAX 8B-WJ(0)
JAX 10-SFJ
JAX 11-SFJ
JAX 12-SFJ
JAX 13-SFJ
JAX 14-X

JAX 15-WEJ
JAX 16-S

JAX 17-5

FALL/WET SEASON
SAMPLE STATION LOCATIONS

Location - Port Tampa

TABLE 2-2

27°
27°
27¢
27°
27°
27°
27°
27°
27°
27°
27°
27°

Location - Port Manatee

56'
52!
48!
st
5¢!
55!
&
50!
48’
47!
55!
48"

26"
B
0g"
21"
uyn
14"
27"
42"
33"
o7"
08"
oo"

Latitude

ZZZ22Z2Z2Z2Z2Z2Z

27° 38' 01" N
27° 38' 16" N

27° 39' 08" N

Location - Port Jacksonville

30°
30°
30°
30°
30°
30°
30°
30°
30°
30°
30°
30°
30°
30°

2
22!
23
2
23!
23
19
2yt
24!
23!
2y
20
2
21!

oy"
15"
23"
03"
10"
35"
00"
240
14
20"
1"
18"
52"
06"

Z2ZZ2ZZZ22222222Z2Z2Z

82°
82°
82°
82°
82°
82°
82°
82°
82°
82°
82°
82¢°

820
82°
82°

81°
81°
81°
81°
81°
81°
81°
81°
81°
81°
81°
81°
81°
81°

Longitude

26' u2t
26' 20"
24 47¢
23" 32"
26' 05"
25' 34"
25' 12"
26' y1v
26' 12"
31" 05"
26' 34"
28' 31"

EET=TSESTTETEEESE

33! 39"
34' 09"
35' 26"

===

37" 14
37" 49v
37 34
34' so
33' 16"
28' 35"
38' 24"
35 o1
32! 53¢
31 50"
36' 37"
EYARVA R
37" 19%
37" og"

EE=EEEZEEETEEEETESE

DAMES 8 MOORE



Station

PNS 1A-WOE
PNS 2B-W(O)
PNS 4-SF
PNS 5-SF
PNS 6-SF
PNS 7-X

TABLE 2-2 (Cont'd)

FALL/WET SEASON
SAMPLE STATION LOCATICNS

Port Pensacola

Latitude

30°
30°
30°
30°
30°
30°

y1)
21!
23
20
20!
22!

02"
17“
11“
30“
02"
11"

ZZZZZZ

Longitude

87°
87°
87°
87¢°
87°
87°

12!
14
12!
14
16!
13!

33"
00"
29"
26"
59"
1y

EEEEEE



TABLE 2-3

OBSERVED PRECIPITATION AND NET WATER AVAILABILITY TO STREAM FLOW
JANUARY - OCTOBER 1982

Location

3

Tampa1

Jacksonville2

Pensaco!a3

Month

January
February
March
April

May

June

July
August
September
October

January
February
March
April

May

June

July
August
September
October

January
February
March
April

May

June

July
August
September
October

Precipitation

inches

1.86
2.09
2,99
1.87
5.90
8,34
10.49
7.20
10.76
2.17

3.00
1,67
4.26
3.60
3.55
8.06
3,80
6.93
9.32
3.37

e s o o o e e o o @
MWW O (W U
N OOUIOo Oy B

N2 OAENRN-sU0ON

Net Water Availability
To Stream Flow

{Tnches)

(== 3 = B =]

2,83

1.76
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Location

St. Petersbu rgu

4

Month

January
February
March
April
May
June
July
August
September
October

TABLE 2-3 (Cont'd)

Precipitation
{(Tnches)

2,44
1.49
6.81
3.81
5.03
7.66
2,40
7.45
9.88
4,16

Climatological Data,

through October 1982 for Tampa, Florida.

Net Water Availability
To Stream Flow

{Inches)

Monthly Summaries,

Climatological Data, Monthly Summaries,

through October 1982 for Jacksonville, Florida.

Climatological

Data,

Monthly Summaries,

through October 1982 for Pensacola, Florida.

Data,

1982 for St. Petersburg, Florida.

(.
/'A
\.
Notes: -
1. From NOAA Local
2, From NOAA Local
3. Ffrom NOAA Llocal
4, From NOAA Climatological
C

Florida,

January through

January

January

January

October

OAMES 8 MOOR.



TABLE 2-4

HISTORICAL MEAN PRECIPITATION, LAKE EVAPORATIOMN AND NET WATER

Area

Pensacola

L

Jacksonville

Tampa/"

AVAILABILITY TO STREAM FLOW

St. Petersburg February 2.86/2.90

Notes: A)
B)
C)

D)

- Net Water
Mean ~ : Mean Lake Availability
Month Precipitation Ewvaporation to Stream Flow
{Inches) {Inches) (Inches)
January 4,37 2.06C 2,31
February 4.69 2.76 1.93
March 6.31 3.u46 2.85
April 4,99 4,81 0.18
May 4,25 5.34 0
June 6.30 5.53 0.77
July 7.33 5.17 2.16
August 6.67 4,67 2,00
September 8.15 3.77 4,38
October 3.13 3.53 0
November 3.37 2.26C 1.1
December 4,66 1.83 2.83
January 2.78 2.252 0.52
February 3,58 3.21 0.37
March 3.56 4,24 -
April 3.07 5.38
May 3.22 5.72 -
June 6.27 5.76 0.51
July 7.35 5.88C 1.47
August 7.89 5.19 2,70
September 7.83 4,31 3.52
October 4,54 3.60 0.94
November 1.79 2 .73B -
December 2.59 2.16 0.43
January 2.33/2.57D 2.50 0/0.07D
3.20 0/0
March 3.89/4,01 4,85 0/0
April 2.10/2.67 5.74 0/0
May 2,81/2,45 6.11 0/0
June 6.49/6,.39 5.51 0.98/0.88
July 8,43/9,10 5.50 2.93/3.60
August 8.00/9,14 5.44 2.56/3.70
September 6.35/7.68 4.80 1.55/2.88
October 2.54/3.42 ll.MC 0/0
November 1,79/1,94 3.14C 0/0
December 2,19/2.33 2,15 0.04/0,18

Represents a two-year mean

Represents a three-year mean
Represents a four-year mean
Precipitation and net water availability data presented using
Tampa/St. Petersburg format,

am. o~ - .



Remarks: 1)

-

2)

TABLE 2-4 (Cont'd)

Mean precipitation from Climatography of the United States
No. 81 (Florida), Monthly Normals of Temperature,

Precipitation, and Heating and Cooling Degree Days, 1941 -
1970.

Unless otherwise noted, values shown for lake evaporation
represent a five-year mean. (see Section 5 for details).

DAMES 8 MOOR.
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TABLE 2-5

PENSACOLA

GENERAL PHYSICAL AND CHEMICAL
WATER QUALITY CHARACTERISTICS

SPRING / DRY SEASON

STATION . oo

Temperature 23 21 21 NA
(°C)

Salinity 32 33 33 NA
(PPT)

oH 8.1 7.8 8.2 =5.0

=8.5

Dissolved Oxygen 6.6 6.7 6.7 4
(ma/1)

Dissolved Oxygen 92 91 91 NA
(% Saturation)

Turbidity 4.8 1.1 1.0 MA
(NTU)

Conductivity 32000 36000 39000 NA
(umhos)

Ammonia <0.01 - <0.01 - <0.01 - NA
(mg/1)

Nitrate 0.02| 0.01] 0.02] © 0.03 0 NA
(ma/1)

Total Kjeldahl Nitrogen 0.03} 0.01} 0.04| 0.01] 0.03| 0.01 NA
(mg/1)

Phosphate -p o.o™ - 0.04] 0.01] 0.02| 0.01 NA
(mg/1) ‘

Total Phosphorus 0.02| 0.01] 0.06] 0.01{ 0.11| 0.01 NA
(ma/1)

Total Organic Carbon 2.90] 0.06) 2.90| 0.55| 2.90] 0.10 NA
(ma/1)

Biological Oxygen Demand 0.80] 0.20) 1.30| 0.21] 1.70{ 0.20 NA
(mg 02/1)

Total Suspended Solids 8.4 1.3 7.5 0.¢ 6.0 0.9 NA
(ma/1)

MOTES:

NA  REFERS TO STANDARD NOT AVAILABLE.

REMARKS :

STANDARD REFERS TO WATER QUALITY STANDARDS iN PREDQMINATELY MARINE WATERS, CHAPTER 17-3
FLORIDA ADMINISTRATIVE CODE FOR CLASS I1] WATERS.

DAMES 8 MOORS
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TABLE 2-7

PENSACOLA

INORGANIC WATER QUALITY
CHARACTERISTICS
SPRING / DRY SEASON

STATION

PARAMETER: PNS‘]A PNS -28 PNS'3C Standard**
ug/liter MEAN a MEAN q MEAN a
Ant imony <0.1{ - NC. NC 1<0.1 - 200
Arsenic - 1.0+ - ne NC 1.1]0.06 50
Cadmium- 0.13} 0.03] 0.06} 0.01 }0.01 - 5.0
Chromium 0.26] 0.09 NC NC 0.15¢ 0.02 50
Copper 0.46! 0.03] 0.80] 0.07] 0.60| 0.08 15
lron 6.9 | 0.7 | 1.2 0.1 |1.8]0. 300
Lead 0.43% - 0.25| 0.041] 0.20% - 5Q
Mercury 0.12] 0.01 0.1 - k0.1 - 0.1
Nickel : 0.39] 0.08] 0.52] 0.0t} 0.76 | 0.15] 100
Silver <0.01| - NC NC ko.01| - 0.05 -
Zinc 3.5 0.6 0.% | 0.1 0.2 0.1 1000
Flouride (mg/1t) - NC NC NC NC -NC NC 5.0 (mg/1)

Notes:  * Mean determined using 2 replicate values.

% Water quality standards for selected parameters in predominantly marine
waters, Chapter 17-3, Florida Administrative Code for Class fli waters.

Remarks: NC refers to analysis not completed due to station designation
(See table 1-2),

For those caces where the mean was determined from 2 replicate values
or where concentration was below the analytical detection limit

for one or more of the replicates, the standard deviation was not
determined. For these cases, a dash (-) is presented to indicate
where data was not detarmined.
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TABLE 2-8

PENSACOLA

INORGANIC WATER QUALITY
FALL / WET SEASON

s

STATION PNS 1A PNS 28 PNS 4 PNS 5 PNS 6 PNS 7 M

WOE w{Q) SF SF SF X N

PARAMETER °
M9/ lMter MEAN ; O {wean , @ | mean, o fuean, 0 |[wmeaw, o juean, o 5
AL UMINUM NC NC NC NC NC NC NC NC NC NC 2.0 | 0.2 1500
CADMIUM NC NC NC NC 0.03 } 0.0t 6.431 0.04 | 0.10 | 0.01 0.03 [+} 5.0
CHROMIUM NC NC NC NC NC NC NC NC NC NC 0.90| 0.05 50

COPPER NC NC HC NC 0.64 | 0.07 |1.0 0.1 1.00 | 0.2 0.41| 0.03 15
FLUORIDE* Ne | oac e | we | we | owc | owe | ne ne | Ne | owc | we 5.0t
{RON NC NC NC NG NC NC NC NC NG NC 6.4 1.7 300
LEAD NC NC NC NC 0.28 | 0.04 | 0.47 |O0.08 0.28 { 0.04 | 0.23 § 0.03 50
MERCURY 0.15 [ 0.0 {<0.1 - 6.10 - <0.10 - <0.10 - <0. 10 - 0.1
NICKEL NC NC NC NC NC NC NC NC HC NC 0.71 | 0.03 100
SILVER 0.03 0 0.02| 0.01 {<0.01 - 0.03 | 0.01 0.02 | 0.01 Kko0.0} - 0.05
ZINC 1.3 0.2 1.3% - NC NC NC NC NC NC 2.9 0.1 1000 °

NOTES:
* MEAN DETERMINED USING TWQ REPLICATE VALUES.

- INDICATES WHERE THE STANDARD OEVIATION WAS NOT DETERMINED FOR CASES WHERE EITHER THE MEAN
WAS DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW
THE ANALYTICAL OETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED OUE TO STATION DESIGNATION (SEE TABLE !-3).
4 FLORIDE UNITS ARE MG/L.

REMARKS !

STANDARD REFERS TO WATER QUALITY STANDARDS FOR PREDOMIMATELY MARINE VATERS, CHAPTER 17-3
FLORIDA ADMINISTRATIVE CODE FOR CLASS i1i UATERS.

DAMES 8 MOORE
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TABLE 2-9

PENSACOLA

ORGANIC WATER QUALITY
CHARACTERISTICS

SPRING / DRY SEASON

ARAMETER STATION PNS- 1A PNS- 28 | PNS- 3C [Standard*
pg/Liter weaw . G lwean . O | e, O
Pesticides
Mirex <0.03) - [<0.03} - |]<0.03} - 0.001
Toxaphene <0.25' - {<0.25] - {<0.25 - 0.005
DOT ' <(Q.0t - |<0.01 - J<0.0t - 0.001
Aldrin . | <0.005 - |<0.00§5 - |<0.00§ - 0.003
Chlordane <0.2 - J<0.2 - |<0.2 - 0.004
PCB's <0.25] - | nc | ne¢ |<o0.25| - 0.001
Phenols
2 - chlorophenol <0.1 - NC NC J|<0.1 - 1.6
Phenol . . <1.0 - NC NC J<1.0 - 1.0
2,4 - pichlorophenol <0.05! - NC NC [|<0.05] - 1.0
2,4,6 - Trichlorophenol <0.07| - NC NC [<0.07] - 1.0
. 4% - chloro-m=-cresol S f<1.0 ] - NG | ne |<1.0) - 1.0
2,4 - Dinitrophenol <0.7 - NC NC .<O.7 - 1.0
Pentachlorophenol , 0.05] 0.01] NC ‘Ne  |<0.04] - 1 -0'.

Notes:
# Water qual ity standards for selected parameters in predominsntly marine
waters, Chapter 17-3, Florida Administrative Cade for Class |11 waters.

Remarks: NC refers to analysis not compieted due to station designation
(See rabie 1.2).

For those cases where the mean was determined from 2 replicate values or
where concentration was below the analytical detection lImit for one or
more of the replicates, the standard deviation was not determined, Ffor
these cases, a dash (-) is presented to indicate where data was not determined.

DAMES 8 MCORS
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TABLE 2-10

PENSACOLA

ORGANIC WATER QUALITY
FALL / WET SEASON

STATION PNS 1A PNS 2B
PARAMETE - WOE W(0) STANDARD
£g/liter
PESTICIDES MEAN o | mean -
MIREX <0.02| - NA NA 0.001
TOXAPHENE | <0.2 - NA NA 0.005
ODT <0.01 - NA NA 0.00!
ALDRIN <0.00} - NA NA 0.003
CHLORDANE | <0.2 - NA NA 0.004
OTHER CHLORINATED| NC NC NC NC NS
PHENOLS MEAN a MEAN a
2- CHLOROPHENOL <1.0 - NA NA 1.0
PHENOL <5.0 - NA | NA | 1.0
2,4-DICHLOROPHENOL| <0.05} - NA NA 1 1.0
2,4,6-TR|CHLOPHENOL <0.05 - NA NA 1.0
4- CHLORO-M-CRESOL | <2.0 | - v |oNa
2,4-DINITROPHENOL |<20 - NA NA 1.0
PENTACHLOROPHENOL | <0.05 - NA NA 1.0

NOTES:
*  MEAN OETEAMINED USING TWO REPLICATE VALUES.

=  INDICATES WHERE THE STANDARD DEVIATION WAS NOT OETERMINED FOR CASES WHERE EITHER
THE MEAN WAS OETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE
VALUES WERE BELOW THE ANALYTICAL DETECTION LimiT.

NC  REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION (SEE TABLE §-3).

NA © INDICATES ADDITIONAL ORGANIC ANALYSIS NOT COMPLETED QUE TO RESULT OF ANALYSIS FOR
STATION PNS 1A-WOE,

NS INDICATES STANDARD NOT AVAILABLE.

REMARKS ;

STANDARD REFERS TO WATER QUALITY STANDARDS IN PREDDHINATELY MARINE WATERS, CHAPTER 17-3
FLORIDA ADMINISTRATIVE COOE FOR CLASS 111 WATERS.

DAMSS 8 MOORS
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TABLE 2-1I

PENSACOLA

GENERAL PHYSICAL AND CHEMICAL

SEDIMENT QUALITY CHARACTERISTICS
SPRING / DRY SEASON

STATION PNS-1A PNS-28
PARAMETERS MEAN o WEAN o
BEo]ogicaI Oxygen Demand

mg 02/kg) . 16000 3200 16000 2100
Nitrate-N

(mg/kg) 1.9 0.1 1.8 0.7
Phosphate ‘

(ma/kg) 970 150 360 31
Specific Gravity 2.76 0.04 3.0 0.09
Total_Kje]daTl Nitrogen

(mg/kg 11000 1200 12000 2100
Total Organic Carbon

(mg/kq) 94000 11000 77000 7600
Total Phosphorus

(mg/kg) 1400 360 1300 260
Total Solids

(%) 27.8 2.8 37.4 1.4

Notes :
——

Specific gravity as shown i3 dimensioniess
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TABLE 2-13

PENSACOLA

INORGANIC SEDIMENT QUALITY
SPRING / DRY SEASON

STATION PNS-1A PNS-2B
PARAMETER | mean T MEAN o)

Al L;minum 9,700 250 59,000 3100
Antimony <0.5 N NC NC
Arsenic ' 12.3 1.5 NC NC
Cad-mium 0.27 0.03 0.16 0.03
Chromium 63 3 NC NC
Copper 17 3 10 1
Fluoride NC NC NC NC
lron 38,000 4000 2300 1200
Lead 35 2 19 b
Mercury 0.47* - 0.78 0.14
Nickel 20 1 14 2
Silver | 0.23 0.06 NC NC
Zinc : 95 2 57 4

NOTES:

* Mean decermined using 2 replicate values.
REMARKS :

NC refers to analysis not completed due to station designation

(See table 1-2).

For those cases where the nean was determined from 2 replicate values or

where cancentrations were below the analytical detection limit for one or

more of the replicates, the standard deviation was not decermined. For

these Gases, & dasn (-) is presented .o indicate where data was not determined.
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TABLE 2-14

PENSACOLA

INORGANIC SEDIMENT QUALITY
FALL / WET SEASON

. STATION| PNS IA PNS 4 PNS 5 PNS 6
PARAMETER WOE SF SF SF
ppm (dry basis) MEAN| T |[Mean; o |MEAN; o [MEaN; @

ALUMINUM 43000{5100 |47000|5000 |6800 |1300 |2000 |L0O

CADMIUM 0.52 |0.14 | 0.40f{0.04 J0.2! |0.03 }0.17 [0.03

- CHROMIUM | 82 | 8 57113 | 22 3 5.1 |1.0

COPPER 14 |2 9.1 {1.1" |1.6 |0.4 K1 -

IRON 23000 1500 | NC NC NC NC NC NC

LEAD Lo | 4 32| 2 9 2 15 2

MERCURY 0.52%| - 0.15| 0.04] 0.18/0.04 |0.04*| -

NICKEL 17 2 12 2 6.8 |0.9 [3.1 |0.2

SILVER 0.26 {0.04 0.11 [0.03 KO.11%| - kO.10%| -

ZINC 45 9 58 7 10 2 7.2% | =

NOTES

*  MEAN DETERMINED USING TWO REPLICATE VALUES.

< INDICATES WHERE TME STANDARD DEVIATION WAS NOT DETERMINED FOM
CASES WHERE EITHER THE MEAN WAS DETERMINED USING TWO REPLICATE

NC

VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW THE

ANALYTICAL ODETECTION LIMIT.

REFERS TO ANALYSIS NOT COMPLETED DUE TQ STATION DESIGNATION

(SEE TABLE 1-3).

DAMES 8 MOORNS
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TABLE 2-16

PENSACOLA

ORGANIC SEDIMENT QUALITY
SPRING / DRY SEASON

STATION
PARAMETER PNS-1A PNS-28 PNS-3C
AQ/ liter MEAN o MEAN o | mean o)
Pesticides
Mirex <0.0011 - ko0.001 - NC NC
Toxaphene <0.02 - <0 .02 - NC NC
DOT <0.00Y - <0.001 - NC NC
Aldrin <0.001} - [|<0.001%} - NC NC
Chlordane <0.0074 - <0.004 - NC NC
0il and Grease 2800 | - Ne | N | Ne | NC
PCB's <0.004 - | N¢c | n¢ | ne | NC
Phenols
2 - Chlorophenol <0.01 - <0.01 - NC NC
Phenol <0.02 - <0.2 - NC NC
2,4-Dichliorophenol <0.1 - [<0.1 - NC NC
2,4,6-Trichlorophenol <0.01{ =~ [<0.01} - NC NC
L-chloro-m-cresol <0.2 - }<0.2 - NC NC
2,4-pinitro phenol <0.3 - 1<0.3 - NC NC
Penta chlorophenol 0.007|0.002k0.005 - NC NC

Notes:

* Mean determined using 2 replicate values

Remarks:

NC refers to analysis not completed due to station designation

(See table 1.1),

For those cases where the mean was detarmined from 2 replicate values
or where concentraticon was helms the analvtical detection limit for

one or more of the replicates, the standard deviation was not determined.

For these cases, & dash (-) is presented to indicate where data was not

determined,

(23

DAMEas s moons

TABLE 2-16



TABLE 2-17

PENSACOLA

ORGANIC SEDIMENT QUALITY
FALL / WELL SEASON

STATION PNS 1A PNS 4 PNS 5 PNS 6

PARAMETER WOE SF SF SF
ppm (dry basis)

P E ST l C' DES MEAN o MEAN g MEAN g MEAN o
MIREX NC NC |<0.001] - [k0.001 - [KO0.001 -
TOXAPHENE | nc NC [<0.015] - [K0.015| - k0.015] -
ALDRIN ne | N |c0.001 - ko.oo1] - ko.o0i -
CHLORDANE [ N¢ |NC  ko.005| - ko.oo5] - |ko.005( -
DOT Ne | nNc ko.ool| - ko.oo1| - ko.oo1| -

OTHER CHLORINATED] nc NC NC NC NC NC NC NC

PHENOLS MEAN| O [MEAN| G |MEAN|, O |MEAN), O
2-CHLOROPHENOL NC NC koO.05{ - Kk0.05| - FKkO0.05| -
| PHENOL NC NC k1.0 - kl.0 - kl.0 -
2,4-DICHOROPHENOL NC NC k1.0 -  kl.0 - KI.0 -
2,4,6-TRICHLOROPHENOL] NC NC k0.0l - <0.01 - <0.01 -
4-CHLORO-M-CRESOL | NC NC ko.1 - k0.1 - ko -
2,4 -DINITROPHENOL NC NC k0.07| - [<0.07]| - Fko0.07]| -

PENTACHLOROPHENOL NC Ne ko.o1] - |ko.o1]| - ko.o1| -

NOTES:

-~ INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR
CASES WHMERE EITHER THE HMEAN WAS DETERMINED USING TWO REPLICATE
VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW THE
ANALYTICAL OETECTION LIMIT.

NC REFERS TO ANALYS!S NOT COMPLETED DUE TO STATION DESIGNATION
(SEL TABLE 1-3).

DAMES 8 MOORS
TABLE 2-17



TABLE 2-18

PENSACOLA
ELUTRIATE RESULTS

) STATION PNS 7 PNS A
PARAMETER WOE STANDARD
Ag/ii MEAN a MEAN g
ALUMINUM 2.0 0.2 3.7 0.6 1500
CADMIUM 0.03 0 0.03 0.01 5.0
CHROMIUM 0.90 0.05 2.6 0.1 50
C.OPPE_R 0.41 0.03 0.60 0.03 15

IRON 6.4 1.7 19 2 300
LEAD 0.23 0.03 0.39 | 0.03 | 50
MERCURY » <0.10 - 0.18 0.02 0.1
NICKEL 0.71 0.03 1.8 0.12 100
SILVER ‘ <0.01* - 0,02 0,01 0.05
ZINC _ 2.9 0.1 3.8 0.3 1000
FLUORIDE NC NC NC NC . 5.0
TOTAL KJELDAHL NITROGEN 0.35 0.07 L}N7 1.1 NS
TOTAL ORGANIC CARBON 3.2 0.3 4,5 0.9 NS
AMMONIA -N NC NC - NC NC NS
NITRATE -N NC NC 1 e NC NS
PHOSPHATE-P NC NC NC NC NS
BB | THRLTRESUAL [sTanoano
NOTES:

*  MEAN DETERMINED USING 2 REPLICATE VALUES
NS REFZRS TH STANDARDS “OT #/AILABLE

NC REFERS TO iMALYSIS NOT COMPUTED DUE TO STATION JESIGNATIGH
(3£ TABLE 1°3).

i UNITS FIR PARAMETIAS LISTED BELOW ZINC ARE MG/L

REMARVG:

STANGARD REFERS TO WATER QULAITY STANDARDS FCR PAEDNMINANTLY “ARINE
44TERS, CHAPTER 17-3 FLORIDA ADMINMISTRATIVE CODE FOR CLASS |11 WJATERS

DAMES 8 MOORN
TABLE 2-18
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TABLE 2-24
TAMPA

ORGANIC WATER QUALITY

FALL / WET SEASON

AN

STATION TPA 1A TPA 2A TPA 38 TPA 4B TPA 5B TPA 6B
PARAMETER WET (0) WT(0) WT (O WT(O) WT(O) WOET STANDARD
Aig/liter
PESTICIDES
MEAN T MEAN 3 MEAN [+ MEAN [« MEAN [+4 MEAN [+
MIREX NA NA NA NA NA NA NA NA NA NA  |<0.02 | - 0.001
TOXAPHENE NA NA NA NA NA NA NA NA NA NA  {<0.2 - 0.005
DOT NA NA NA HA NA NA NA NA NA NA  |<0.0 - ¢.001
ALDRIN NA NA NA NA NA NA NA NA NA NA | <0.003] - " 0.003
CHLORDANE NA NA NA HA NA | "NA NA NA NA na  <0.2 - 0.004
OTHER CHLORINATED| ¢ NC NC NC NC NC NC NC NC NC NC HC NS
PH ENOLS MEAN [ ME AN o MEAN o ME AN [ MEAN a MEAN 3
2 -CHLORQPHENOL NA NA NA | NA NA NA NA NA NA NA 2.3 | 0.8 1.0
PHENOL NA NA NA NA NA NA NA NA NA NA [<5.0 - 1.0
2,4-DICHLOROPHENOL | na KA NA NA NA NA NA NA NA NA - |<o.05 | - 1.0
2,4,6-TRICHOROPHENOL | ¥a HA NA NA NA NA NA NA NA NA  [<0.05 [ - 1.0
4 -~ CHLORO-M-CRESOL { %A NA HA NA NA NA NA NA NA NA [<2.0 - 1.0
2,4 - DINITROPHENOL NA HA NA NA NA NA NA NA NA HA 20 - 1.0
PENTACHLOROPHENOL | M NA NA NA NA NA NA na NA na  |<0.05 | - 1.0
NOTES:

* MEAN OETERMINED USING TWQ REPLICATE VALUES.

- INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE EITHER THE MEAN
WAS DETERMINED USING TWG REPLICATE VALUES OR WHERE ONE QR MORE REPLICATE VALUES WERE BELOW

THE ANALYTICAL DETECTION LiMIT.
NC REFERS TO ANALYSIS NOT COMPLETED DUE TQ STATION OESIGNATION (SEE TABLE 1-3).
NA INDICATES ADDITIONAL ORGANIC ANALYSIS NOT COMPLETED DUE TO RESULTS OF ANALYSIS FOR STATION

i TPA €B-YOET.
REMARKS :
STANDARD QEFERS TO WATER QUALITY STANDARDS FOR PREDOMINATELY MARINE WATERS, CHAPTER 17-3
FLORIDA ADMINISTRATIVE CODE FOR CLASS |} WATERS.
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TABLE 2-3I

TAMPA

ORGANIC SEDIMENT QUALITY

FALL / WET SEASON

STATION TPA 1A TPA €8 TPA 8 TPA 9 TPA 10 TPA 1l TPA 12
PARAMETERS WET{(O) WOET SFT SFT SFT SFT SFT

ppm(dry basis) .
PESTICIDES

MEAN [+4 MEAN [ MEAN g MEAN [+ 4 MEAN T MEAN aT MEAN o4

MIREX NC NC NC N leo.oot| - fo.oo - |<0.001 - |eo.001 - j<0.001] -

TOXAPHENE NC NC NC NC  [<0.015( - 0.015 - 1<0.915 - {<0.015 - |<0.015] -

ALDRIN NC NC NC NC  [<0.00}] -~ <0.001 -~ [<¢.001 - |<0.001 - l<0.001] -

CHLORDANE NC NC NC NC  [<0.005{ - |<0.005 | - {<0.005{ - |[<0.005! -~ |<0.005 -

0DT NC NC NC NC  |<0.001| - 0. 001 - |<0.001 - |<0.001 - j<0.001| -

OTHER CHLORINATEQ x¢ NC NC NC NC NC NC NC NC x| Ne NC NC NC

PHENOLS

ME AN g MEAM [+ MEAN 3 MEAN [ MEAN T MEAN g MEAN g

2 -CHLOROPHENOL NC NC NC NC |<0.05| - jo.05 - |<0.08 - fed.0s - J<0.05] -

PHENOL NC NC NC NC <l.0 - <1.0 - <}.0 - <0 - |<t.0 -

2 ,4-DICHLOROPHENOL NC NC NC NC <1.0 - k1.0 - <|.0 - l«.0 - |<1.0 -

2,4,6-TRICHLOROPHENQL | nc NC NC NC <0.0t| = 0. 01 - <0.01 -~ 0.0} - |<0.0% -

4-CHLORO-M-CRESOL NC NC NC NC <0.1 - 0. 1 - .1 - |0 - 1<0.1 -

2,4-DINITROPHENOL NC NC NC NC <0.07| - 0.07 - <0.07 - [<0.07 - |<0.07 -

PENTAcml_OROPHENOL NC NC NC NC <0.01 | - 0. 01 - <0.0} - .01 - l<0.01 -

NOTES:

* MEAN DETERMINED USING TWQ REPLICATE VALUES.

= {INDICATES WHERE THE STANDARD DEVIATION WAS NQT DETERMINED FOR CASES WHERE EITHER THE MEAN WAS
DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW THE
ANALYTICAL DETECTION LIMIT.

NC REFEAS TO ANALYSIS NOT COMPLETED OVE TO STATION DESIGNATION (SEE TABLE 1-3).

DAMES & MOORE
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TABLE 2-32

TAMPA

ELUTRIATE RESULTS

TPA 13 - TPA 1A TPA 6B
A
PARAMETER STATION XT WET (0) WOET |sTanoaro
Adg/ 11 ME AN g MEAN g MEAN g
ALUMINUM 2.5% | - 3.1 0.2 | 2.7 | o.4 1500
CADMIUM 0.02 | 0.01 | 0.06 | o0.01| o0.06| 0.0t 5.0
CHROMIUM 1.0 0.1 2.3 0.2 b1 0.9 50
COPPER 0.77 1 0.05} 0.27 |1 o0,06] 0,28| 0.07 15
IRON 7.9 | 0.6 | 15 2.0 | 13 2.0 | 300
LEAD 0.36 | 0.07 | 0.38 | 0.05| 0.35| 0.05 50
MERCURY <0.1 - 0.22 0.02| 0,21} 0.03 0.1
‘NICKEL 1.0 | 0.2 5.0 0.4 3.9 0.6 100
SILVER 0.03 | 0.01 | 0.09 | 0.02| 0.07| 0.01 0.05
ZINC 3.9 0.3 3.8 0.4 L.7 0.5 1000
FLUORIDE 1.0 0 1.2 0.1 1.2 0.1 5.0
TOTAL KJELDAHL NITROGEN]| 3.1 | 0.5 ] 15 2 16 4 NS
TOTAL ORGANIC CARBON 5.2 0.3 7.2 0.7 12 0.6 NS
AMMONIA -N. 0.10 | 0.02 } 8.5 0.7 1.1} 1.5 NS
NITRATE -N 0.07 0.02 0.16 0.03 0.11 0.02 NS
PHOSPHATE-P 0.59 | 0.10 | 1.03 | 0.15] 1.1 | 0.2 NS
AMBIENT POST-ELUTRIATE|POST-ELUTRIATE
CONDITIONS TEST RESULTS | TEST REsuLTs |STANDARD
NOTES:
NS REFERS TO STANDARDS NOT AVAILABLE
1 JNITS FOR PARAMETERS LISTED SELOW ZINC ARE MG/L
NOTES:

. IMDICATES JWFPE THE STANDARD DEVIATION WAS NOT OFTEPMINFN £AR CASES
WHEBE EITHER [HE MEAN WAS DETERMINED USING Two SEPLICATL VALUES CR
wHEOF INE YR MARC EPLICAIE VALUES WFRE BELNW THE ANALYTICAL DETEC -~
[ARUNNTTE

< ™Euw JETERMINED J3ING I FEPLICATE VALUES
BE=ARKS;

STIN0ARD REFERS TO WATER QUALITY STANDARDS FOR PREDOMIVANTLY MARINE
wATERS, CHAPTER 17-3 FLCRIDA ADMINISTRATIVE CODE FIR CLASS (11 WATERS

DAMES B MOORE
TABLE 2-32



TABLE 2-32

TAMPA

ELUTRIATE RESULTS

PARAMETER STATION ol | wer (lg) TWOET  |sTanoano
Adg/ 1t | MEAN g MEAN a MEAN o]
ALUMINUM 2.5% | - 3.1 0.2 | 2.7 | 0.4 1500
CADMIUM 0.02 | 0.01 [ 0.06 | 0.01] 0.06] 0.01 5.0
CHROMIUM 1.0 | 0.1 | 2.3 0.2 { 4.1 | 0.9 50
COPPER 0.77 1 0.05] 0,27 | 0,06] 0,28]| 0,07 15
IRON 7.9 | 0.6 | 15 2.0 | 13 2.0 | 300
LEAD 0.36 | 0.07 | 0.33 | 0.05| 0.35| 0.05 50
MERCURY . 0.1 - 0.22 | 0.02| 0.21] 0.03 0.1
NICKEL 1.0 | 0.2 | 5.0 0.4 | 3.9 | 0.6 100
SILVER 0.03 | 0.01 | 0.09 | 0.02{ 0.07| 0.0 0.05
ZINC 3.9 0.3 3.8 0.4 h,7 0.5 1000
FLUORIDE {1.0 0 1.2 0.1 | 1.2 | o.1 5.0
TOTAL KJELDAHL NITROGEN| 3.1 | 0.5 | 15 2 16 | 4 NS
TOTAL ORGANIC CARBON 5.2 0.3 7.2 0.7 12 0.6 NS
AMMONIA -N 0.10 | 0.02 | 8.5 0.7 | 11.1] 1.5 NS
NITRATE-N 0.07 | 0.02 | 0,16 | 0.03] o.11| o0.02 NS
PHOSPHATE-P 0.59 | 0.10 | 1.03 | 0.15 1.1 | 0.2 NS
CONDITIONS | TEST RESULTS | TEST RESULTS. | STANDARD

NCTES:
NS REFERS TO STANDARDS NOT AVAILABLE
1 INITS FOR PARAMETERS LISTED BELOW ZINC ARE MG/L

NOTES:

- IMDICATES WHFPE TNE STANDARC DEVIATION WAS NOT NFTEOMINFR £AR CASES
WHEDF EITHMEQ THE “EAN WAT DETERMINCD CSING Tun oEPLICATE VALUES OR
“=F9F INE IR MORE AEPLILAIE VALUES WFRE BE(OW THE aNalYTICAL DETEC-
LADL N LIRS

©O™EM JETERMINED 434 I FEPLICATE VALUES
ag18Ks;

ST UCARD REFERS TO WATER QUALITY STANDARDS FOR PREDOMIYANTLY MARIME
#ATERS, CHAPTER 17-3 FLCRIDA ADMINISTRATIVE CODE FAR CLASS 1) WATERS

DAMES 8 MOORS
TABLE 2-32




JABLE 2-33

MANATEE

GENERAL PHYSICAL AND CHEMICAL
WATER QUALITY CHARACTERISTICS

FALL / WET SEASON

STATION MAN IA|MAN 2B] MAN 3 STANDARD

PARAMETER WET (0)| WOT SFT
| TEMPERATURE (°C)~ 28 29 28 NA
SALINITY (PPT) 28.5 30 27 NA
DISSOLVED OXYGEN (mg/1) 6.5 3.5 NA L

DISSOLVED OXYGEN

(% SATURATION) 95.6 | 53.4 NA NA
TURBIDITY (NTW) 2.9 2.1 L. 4 NA
CONDUCTIVITY (_u4mhos) 35700 | 37600 36100 NA
> 6.0
pH 7.8 7.6 7.9 |< 8.5

NOTES :
NA REFERS TO DATA NOT AVAILABLE

%  VALUES DETERMINED WITH THE D.0. nETER.

REMARKS ;

STANODARD REFERS TO WATER QUALITY STANDARDS IN PREDOMINATELY
MARINE WATERS, CHAPTER 17-3 FLORIDA ADMINISTRATIVE CODE
FOR CLASS 111 WATERS.

DAMES 8 MOoORN
TABLE 2-33



TABLE 2-34

MANATEE

INORGANIC WATER QUALITY

FALL / WET SEASON

STATION MAN 1A MAN 2B MAN 3 STANDARD
PARAMETER : WET(O) WOT SFT
Mg/liter MEAN o MEAN o MEAN| O

ALUMINUM NC NC NC NC NC NC 1500
CADMIUM NC NC NC NC 0.06 | 0.01 5.0
CHROMIUM NC NC NC NC NC NC 50
COPPER NC NC NC NC 0.43 | 0.05 15
FLUORIDE * 0.98 | 0.03 | 1.0 | © 1.0 | 0.2 5.0t
IRON NC NC NC NC NC NC 300
LEAD e | owe | owe | one | o0.27] 0.03] 0
MERCURY <0.10 - < 0.1 - <0.10 - 0.1
NICKEL NC NC NC NC NC NC 100
SILVER 0.02| o© 0.01*| - 0.02] 0.01| 0.05
ZINC <1.1 - <1.0 - NC NC 1000

NOTES:

® MEAN DETERMINED USING TWO REPLICATE VALUES.

« INDICATES WMERE THE STANDARD DEVIATION WAS NOT OETERMINED FOR CASES WHMERE

EITHER THE MEAN WAS DETERMINED USING TWO REPLICATE VALYES OR WMERE OME
OR MORE REPLICATE VALUES WERE BELOW THE ANALYTICAL DETECTION LiMIT.
NC REFERS TG ANALYSIS NOT COMPLETED OUE TO STATION DESIGNATION (SEE TABLE1-3).
I FLORIDE UNITS IN MG/L.
REMARKS :

STANCARD REFERS TC WATER QUALITY STANDARDS IN PREDOMINATELY MARINE WATERS,
CHAPTER 17-3 FLORIOA ADMINISTRATIVE CODE 11! wATERS.

DAMES 8 MOORS
TABLE 2-34



TABLE 2-35

MANATEE

ORGANIC WATER QUALITY
FALL / WET SEASON

STATION MAN 1A MAN 2B
PARAMETE WET (Q) woT STANDARD
| 4q/liter -
.| PESTICIDES MEAN g MEAN a
MIREX NA NA  1<0.02 - 0.001
TOXAPHENE NA NA  1<0.2 - 0.005
DOT NA NA  |{<0.0) - 0.001
ALDRIN NA | NA |<0.003] = 0.003
CHLORDANE NA NA |<0.2 - 0.004
OTHER CHLORINATED| NC NC NC NC NS
PHENOLS MEAN 2 MEAN 3
2- CHLOROPHENOL NA NA  ]<1.0 - 1.0
PHENOL NA NA  |<5.0 - 1.0
2,4 -DICHLOROPHENOL| MNA NA [<0.05 - 1.0
2,4,6~TRICHLOPHENOL | NA | NA  |<0.05 | - 1.0
4 - CHLORO-M-CRESOL| ya | na |<2.0 - 1.0
2,4 - DINITROPHENOL na | o koo ) 1.0
PENTACHLOROPHENOL NA NA [<0.05 - 1.0
ores,

- INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE

EITHER THE MEAN WAS DETERAM!INED USING TWO REPLICATE VALUES OR WHERE ONE
OR MORE REPLICATE YALUES WERE BELOW THE ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED DUE YO STATION OESIGMATION (SEE TABLE 1-3).

NS INDICATES STANDARD NOT AVAILABLE.

NA  INOICATES ADOITIONAL ORGANIC ANALYSIS NOT COMPLETED OUE TO RESULTS FOR

TPA 68~WOET.

REMARKS :

STANDARD REFERS TO WATER QUALITY STANDARDS IN PREDOMINATELY MARINE WATERS,

CHAPTER 17-3 FLORIOA ADMINISTRATIVE CODE FOR CLASS 111 WATERS.

DAMES 8 MOORE
" TABLE 2-35




TABLE 2-36

MANATEE

GENERAL PHYSICAL AND GHEMIGAL
SEDIMENT CHARAGTERISTICS
FALL / WET SEASON

STATION MAN 1A MAN 3

PARAMETER WET (O SFT
ppm({dry basis)

MEAN g MEAN g
SPECIFIC GRAVITY ! 2.76 [ 0.03 | 2.70 |0.03
TOTAL KJELDAHL NITROGEN| 2300 | 750 330 32
TOTAL ORGANIC CARBON 16000 | 4900 | 1300 430
AMMONIA - N 470 78 NC NC
PHOSPHATE - P 1400 210 NC NC
NITRATE - N 1.2 0.4 NC NC
OlIL and GREASE NC NC 330 75

NOTES:

NC REFERS TO ANALYS!S NOT COMPLETED OUE TO STATION DESIG-

NATION (SEE TABLE I-3).

1 SPECIFIC GRAVITY AS SHOWN IS DIMENSIONLESS,

DAMES 8 MOORS

TAD & b T ¥
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TABLE 2-38

MANATEE |
INORGANIC SEDIMENT QUALITY

FALL / WET SEASON

_ STATION MAN IA MAN 3

PARAMETER WET(O) SFT

PPM{dry basis) MEAN a MEAN o
ALUMINUM 15000 | 3800 | 2100 | 500
CADMIUM 0.78 | 0.03 0.22 | 0.05
CHROMIUM 32 9 13% -
COPPER 21 5 2.0% -
IRON 8700 | 2400 | NC NC
LEAD 13 4 3.8% | -
MERCQRY 0.25 | 0.09 | 0.14 [ 0.03
NICKEL 16 5 2.7% | -
SILVER 0.314 - 0.13 {0.04
ZINC 18 1] b, 5* -

noEs:

A MEAN DETERMIMED USING TWO REPLICATE VALUES.

~ INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR
CASES WHERE EJTHER THE MEAN WAS DETERMINED USING TWO REPL!ICATE

VALUES OR WHERE ONE OR MORE REPL)CATE VALUES WERE BELOW THE

ANALYTICAL DETECTION LINIT,

NC REFERS TQ ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION

(SEE TABLE 1-3).

DAMES 8 MOORE
TABLE 2-38



TABLE 2-39

MANATEE

ORGANIC SEDIMENT QUALITY
FALL / WET SEASON

STATION MAN (A MAN 3
PARAMETER WET(0) SFT
ppm (dry bases)
PESTICIDES
MEAN a MEAN a
MIREX NC NC  [<0.001 -
TOXAPHENE NC NC [<0.015 -
ALDRIN NC NC  [K0.001 -
CHLORDANE NC NC k0.005 -
ODT NC NC k0.001 -
OTHER CHLORINATED NC NC NC NC
PHENOLS MEAN a MEAN g
2-CHLOROPHENOL NC NC [<0.05 -
PHENOL NC NC 1.0 -
2,4-DICHLOROPHENOL NC NC k1.0 -
2,4,6~-TRICHLOROPHENOL NC NC F0.01 -
4 - CHLORO-M- CRESOL NC NC 0.1 -
2,4-DINITROPHENOL NC NC. [0.07 -
PENTACHLOROPHENOQL NC NC [<0.01 -

NOTES:

- INDICATES WHERE THE STANDARD DEVIATION WAS NQT DETERMINED FOR
CASES WHERE EITHER THE MEAN WAS DETERMINED USING TMQ REPL!CATE
VALUES OR WHERE ONE OR MORE REPL!ICATE VALUES WERE BELOW THE

ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DES!IGNATION

(SEE TABLE 1-3).

DAMES 8 MOORS
TABLE 2-39



TABLE 2-40

MANATEE

ELUTRIATE RESULTS

: STATION TPA 13 MAN IA
PARAMETER XT WE T(0) STANDARD
VAR MEAN o MEAN og
ALUMINUM 2,5% - 4,1 0.7 1500
CADMIUM 0.02 | 0.01 | n o 0.01 5.0
CHROMIUM 1.0 0.1 2.2 0.6 50
COPPER 0.77 | 0.05 | 0.80 0.05 15
IRON 7.9 | 0.6 1.1 1.9 1300
LEAD 0.36 | 0.07 | 0,52 0.11 . 50
MERCURY < 0.1 - [<0.10" - 0.1
NICKEL 1.0 0.2 2.1 0.2 100
SILVER 0.03 | 0.01 0.09 0,02 0.05
ZINC 3.9 |0.3 2.1 0.2 1000
FLUORIDE 1.0 0 1,1 0.06 5.0
TOTAL KJELDAHL NITROGEN |3, i 0.5 14 2.5 NS
TOTAL ORGANIC CARBON 5.2 0.3 8.6 0.3 NS
AMMONIA -N 0.1c | 0.02 | 9.5 0.6 NS
NITRATE -N 0.07 {0.02 | 0.12 0.02 MS
PHOSPHATE -P 0.55 10.13 3,3% - NS
| S e ol B

NQTES:

- INDICATES WHERE TWE STANDARD CEVIATION WAS NOT DETERMINED FOR CASES
WHERE ZITHER THE MEAN WAS OJETERMINED USING TWO REPLICATE VALUES OR
WHERE ONE 2R MORE REPLICATE VALUES WERE BELOW THE ANALYTICAL DETEC-

NS

TiON LT

MEAN DETERMINED USING 2 REPLICATE VALUES

REFERS TJ STANDARD NOT AVAILABLE

UNITS FOR PARAMETERS LISTED BELOW ZINC ARE MG/L

REMARKS :

STANDARD REFTAS T WATER QUALITY STANDARDS FOR PREDOMINANTLY MARINE
4ATERS. CHAPTER 17-3 FLCRIDA ADMINISTRATIVE CO0E FIR CLASS 1)) WATERS

DAMES 8 MOORS



“POUWIdIIP 10U SEM EejEp DIIYM 1eI|PU)
03 p3luasdsd S| (-) ysep e ‘sIses ISHYY JOJ PIVWIDIFP 10U SBM UCIIRIADP piepuels BYY ‘saiedy(dal 3yl JO alow 10 U0 10) Jiuld
UO113913p (B211A{BUR 3Y] MO|PG SEM UDIIEIIUIIUOD 2I3UM JO SIN|EA 2181103 Z WOAy PRUIWIDIIP SBM UBDW IY] JIaym SIsed ISoyl 104
-ajqe|(ese jou prepurls Ayspenb i1aiem 01 s394 YN

S TTEN

*sanjea atedy|das z Buysn pautwasiep umay y

rsa(dwes 21e3¢{(das s04
Uo)le1AIp piepuels 2yl sujeluod uwngod Iybis ay) pue uesw ay) SU{EIUDD VWN|OD 33| 3Y) ‘Sidlawesey SPi|Og uouconmzw_ano—:msohzua~=§houAN

HAIeM ||| Sse{) 10j Ip0) A|ICIIS|UIWDPY epLIOLg ‘€-/| sd1dey) ‘sisiem aujiew A)|jueujuwopasd up sudjawesred pIIII(IS JO5 SpaepuUelS A Prb udrep {t

{SI1O0N
(1750}
YN - 4 5] - 1y 9 19§ € 44 € 29 8 %9 9 $9 5 [9 1 *92 Sp1os papuddsng (€104
(1/%006)
N e'o €2 - c,...m 0 13& 0E0 f05°z Jocco pg't Joz'o lor-Z hm.o DSz | z'0 Joi'z Joy'o Jou'€ puewdq uabixg |e3916otolg
T1/759)
N [pro g’z j£9°0 16°8 [9z°0 joi‘6 o5 0 jo6'g lot-o wn.a oz'o [oL°g Joi 0 | €rotiezo orfezo |82 voqe) dyuebig (er0y
; 1750]
N 10°0 [€0°0 J10°0 fev-o [f0-0 [1€°0|Zo0 [gL'o fiGa WN.e 10°0 [St°o [S0°0 _m_.e 200 jvZ°0 Jzo'o j9i-0 snioydsoyy |e10)
_ (1759)
N 0 10°04 1c°0| 90'0} 10°0 S.L 10°0]¢o-0 0 fii'o ftoro joro fi0:0 |go-o fi0-0 [600 [10°0 jot-0 4 - 21eydsoyy
’ r N 75w ]
w 10°0 {40°0 fot"0 joy'0 fot 0 f09'0[0L°0 jof'Q 0 (030 ﬁo_.e 05 0 loz°0 Jo9'0 lor0 log o Joz'o j08°0 uabosr N yeplaly (210}
{1750}
N 10°0 1v0°0 JiC'0 16070 }i0°0 160°0)20°0 Joi-0 Jto'o [si"o Jtoo Jov-o fzo o joi-o [to'0 Jyi-o fzoco [Si-o ERLER Y
VAL
N oo _S.o 10°0 [50°0 - ooy - lvoco>[toco {50°0 [t0°0 €GO - fjto-o>{te'0 {z9°'0 - 00> Phlhia)
Tsoqunty
N 000/ € 005€2 000Nt 00047 00027 00092 00064 0058 0009 A31A139npuo)
TTIRY
YN 't $'6 [T oLt [ MY s 11 1'6 0°tt [ MY Ariprgang
[UoTITIMIeS X)
e 06 99 {9 ol 99 nl Y4 69 ig uabAxg poagossig
. (t/0u)
L] 69 s TS $°S (31 9°S z°s 09 ¥/ uabhxg ps/ (ossig
S8 . . . :
0°932 0°g [ z°g 8L 0'g s €L 9L (34 nd
(1d4)
N ot gt 0 0 g1 oz St 5 S Atqurges
- 122
N 114 t£4 %4 €2 1z [ T4 t14 1z b4 4 aaniesadway
) ¥ILINYUYL
(O¥VaNYLS I6-XY¢ ag-xvr vi-xvr v9-XVF 95-xXYr 8y-Xvr vE-XVP vZ-xvr aL-xve NOILVLS

NOSV3IS AHGQ / DNIHJS

SOILSIHILOVHYHO ALIMVND HILYM
TVIINIHO ANV TVIISAHd TVHINID

FTUHANOSHOVI
I¥-7 ~vl h

\, . *
e

TARI F %2-a41

DAMES 82 MOORE



“30V4UNS YILVM LY YILIW LIS IHE HLIA Q3NIWYILIQ INTYA  «»
TIIVAUNS WILYM LY 38084 ¥3ILIW “0°C IHL HLIM QINIWYILIO 3NWA  «
SSYILVM 1) SSV1) ¥od 30020

IAILVULSINIHGY YOI¥0TS €-L1 WILJVHD ‘SYILYM INIUYW AT1ILYNIHOAIUd YO4 SOMVANYLS ALITIVAD ¥ILVM OL SUII3M QUVANVLS SNUVWIY

“378YTIYAY QYVANYLS ON S3LvliaNt SN

“379YTIVAV LON VAVG OL S¥343¥ VN

*{€-1 318YL 33S) NOILYNIISIQ NOILYLS 01 INQ 031314403 10N SISATVNY DL SHI4IM N
"HOLLYLS HIV3 404 SIVAHYS J1VIIT4IY¥ 40 NOMLVIAZD

GYVONYLS WL SNIVLNOD NHNT0D LHOI¥ IHL GNV NVYIW JHL SNIVINOD HWN10D 1437 3HL ‘ALIAILINGNOT MOTIQ SYILINVHVY HOS SIAON

DAMES 82 MOORE

SN N N[ N N L | m an| on | ON foN N |oN IN | ON wm | N ] ON N JON N[N M N N (t7/0w) NOGNYD DINVONO VIO0L
SN N IN IN IN{ g0'Ol 6y 0] N N IN IN JIN IN|IN I | on IN m IN IN IN |IN IN [ ON IN | N N :\95 NIOOYLIN THYOI3rN IVL0L
SN oon91 00551 M 0QoNT 05941 00146 00001 0098€ 00102 oozt ooytz 008¢ 008€1 {soqwr) ALIAILINAGNOD
N N N N vy L8 [y 4 5’8 it €L Sy 19 56 9z (NLN) Aligigunyt
. . } : ; e } . 28 0 (NOILVHNLVS %)
Sh 1°08 €zl N £ 001 nzl €9 [:M:1] 0°68 L 06 . €759 €201 62 B 19 NIOAXOD 0IAI0SSIO
N €9 8°s N Lt 9°s rs €L 9 69 s 6L 9L 6 (1/6w) N39AXO G3AT0SSIC
§5'8s W 9L wi L wL L 4 st 9L i we e st L4 nd
99 =
W 44701 56 o § 5t sz e's o's Tt wl ] st Sy o'g (1dd) ALINITVS
SN %'yt |0 42 sz 13 14 14 (3 14 (14 14 st 111 1314 4 (3414 (3¢} JUNLYYIINIL
s fIm X ras r4s (¥ ] r4s 0)rm rom oirm oIrm | wILrm [ 10) IM HILINVYEYY
PUVANVAS] o) wypr| ot xvr| &1 xwe| €1 xvr| 20 xve | 10 xve| o1 xve| a8 xwe| vi xve] vo xve| as xve] v xve| ve xve] NoOILvis

i NOSVY3S L3aM /7 T1vd

SOILSIHILIOVHYHO ALITYND H3LYM
AVOINIHD ANV TTVOISAHd TVHINID

FTUANOSHOVT

2v-2 378vi

TABLE 2-42



“P3ULWIAIGN 10U Sem BIep IJ3YM IIBI|puf O} pajudsaud S| (-) Yysep € ‘sIsed Asayl uoy
‘PAVIWIIIIP JOU Sem UDIIe AP PaepURTS Yl ‘SBIEI||CIS L1 JO IJOW JU IUO 404 W] VOIIDIIIP jed)rkjeve
Y3 MO[aq SEm UO|1€1TUIIUOD DB IO SINIEA 23uD1| 90 T WOy POUIWIBIFIN SEM UBIW DY) IJIM 53SED ISOY) JO4

*(2-1 21qe1 295) vojleubisap uoyiers 01 anp pa1ajdwod J0u sisAjeue 01 SAyIs I\ 1 $yIRWIY
sangea 21ed)|daa 7 Guysn pauvywadrap ueay ¥
. Sa21em {§§ s5€|) 404

2p0o) SAyl1eJISjU wpY epliofg *(-[| J491dey) ‘sadiem Sujsew A|djueusuopasd vy ssdidwesed PIIdI{IS I0) SpIEpPUR)S Aaggend sa3e;; (4 1S3 10N

000S | on foow [ ow fow Jaw foow ] on{ow fonw | owfroloolan ] oow]ow | ow o] on sptioned
0001 zo{90]io}so]io] o 019010 ,90frolszofzojeztleo|zr]io]s vz
S0 - ta.o L ] v |zoco | 1oofzor0 ] N | N f oN | ow - |woel - lioo] o N J9nt1s
T SO0 U0 (" 2°0 7070 [<C 0 [ 900N 0 {2170 {770 {50°0 (95-0 {Z0°0 {99°G | #0-0 S.J €06} €5°0 (LRI
t'e R L 0 - t7 0> - [WCE B ro| - 1°0>) - 1'0>| Zo'o N_.j Z0°0] t1°0 Aandaay
0s €0'0} tz'of 300 19°0] 90°0f z6-0] z-of $-1} zo"of ¢6°0] 1o ¢ o] 20 ol 80| ol 6t peay
00t ol il sof ez zo] v wi| s6] o] 69] z| t | & (14 £ ]| 4 g wo
St 200 S.c_ wof ¢60of tof zoi| vol zt|] veol o] soof s3rof so-ofse-a | (1-0{850 o} it 43ddo)
os < | veop owf ook b - g0} g0l 9tup amf o ow | oon |- J¥ETU} grcoflgro | an | om wjwosy)
0°s - J+zo'0] 10°0] zo'o] - |+€o-o| 1070} wo0f o | 90°0] 10°0] zo-o| to-olco-0 | t0'0)s0'0 | to-0f fo'o wnywpe)
0% t'a |0 M| o §rojse | zofoe w| o foan Low [ eolen [ zofan | ow | oo Jtuasiy
007 - {eort o) oow - fvost = fres] ] N fow | - qrosf - ftos| e | om Avow} vy
pavpucys 0 "ym D wyIn 0 "y an I “van F] iR o0 nyIw D “van F) wopn o 32 s (s60
! ©2B-xyr oy-xvr V- xvr v9-xyr 95-xvr Y- xve vE-xyr vZ-xvr at-xvr ¥ilanvuvd

NODI1VLS
NOSVY3S AHQ / DNIHAS
SOILSIHILOVHUVYHO ALIMYND H3ILYM OINVOHONI
JTHANOSHOV
gb-2 378vl
— N .

.

DAMES 8 MOORE

TABLE 2-43



TSYILVH t11 SSYV) W04 3003 IAILVMLSININGY VAIY0TS €-Lt YILJVHD ‘SHILVA INIMVW ATILVNINOGIYD ¥OJ SQUVANVLS ALITVAD MILVA OL SHIIIW QUVONYLS

“{ey 3I8vL u.wwv NOTLVNIIS3Q NOIIVIS OL ING 03LIT4W0T LON SISATYNY 0L SHI4N

FSAYYHIY

*I/99 Jdv SLINN JOIYONTS

IN

CAINEY NOLLIILIA WILLATUNY 3HL /038 J¥IA SINTWA ILVIIT4IY FWOW YO
ING JU3IHA ¥O SINTIVA ILVIIN43Y OAL INISH O3INIWYILIC SVYA NVIW JHL ¥IHLII IWIHA SISV ¥OJ GINIWUILID LON SYA NOILVIAID QUYONVLS FHL JYIHM SILVIIOGN| -

“SINTYA JAVIIT4IY OML INISH QINIWYILIC NYIN =

1SILON
ooot | €0] 9z] zo| sz] aw| om} mf oM N| N | o] o s - tis] 9 | ez - v - Jots] srofln Ntz
50°0 = Jtorod - fwo - jloroy - _o.aL - f1o'oyj 100 f 200 - kto'ojwoolzoe}iocojzoo| 0 200 - jiwoe} - poto> NIATS
oot | ] o ]woolezol oaw| | | ow] ow} ow] o] ow] ow ] ow} ow| ow| ow] om]ow | v | IN | ON | ON | IN 13NN
1-0 | £0°01 Zt70f - 1°0>}90°0 {9t 0 {40°0 |31°0 J€0'0 JL1 O - joroy - 1°0>} - ]01°0>50°0 J0E°0 J90°0 | 92°0 - 1°0>f - fi0> ANNOY IN
os| N N [noo j16o]zo o | zol et eo] wi| vo]6ufso| ewfrofpe| fof 9] E0f 2 €00 j9t0] Zojo°2 ov3T
oot} | N | st an d ol o] b oow} oom ] oo} oow ] oowgp o) N oowg o Om] IN] M| O | ONL N N | N NOW!
og| W[ N | omw ] awl om ] ow) aw] o] ow | on] o] oow]| ow ] oan] ow ] o] on ] N | N %070 | wvo] M| ON . 30101114
st N IN jgpo {LLof 10 o'1] tof v} tof o} £0) 9t M N M b} N N | ON N N w zolwt ¥34407
o5 ] N | N lyo'o |6n-0 wmyl N[ o[ aw | o] ow] on | ow| o] on| ow} owj ow]oON ] ON JON JON |OIN ] O NOINONHD
10°§ §10°03 50°0 1070 }S0'0 o] z0'0] - }eg0'0] zo'o] 90-0} zo'o] €0-0} 61-0] 090 - j-60-0|s0-0 }ny-0 Jzo'0 [go'0 [to-0 JZo"0 j10°0 6070 NOINGYD
0ose) W EL B A B N b1 ] N N o b1 N 1] N N M kL] N N W] N ] N N | IN N NANINN Y
m o NYIN D NY3nN D NYIN ] NY3IN o NYaIn D Nv3IN F MyIn o Nvin E- ) NY3IN) D NYIN o NY3IN o Nv3n Y B
m rFIM X £4S r4S Lt | ris orrm rom orrm onrm olLrm (0) ImJ Blanvuve
» e xwe ¥l Xvpe €1 Xvr 21 Xve i Xve ot xS‘, a8 xvpe Vi Xve V9 Xvf ac xXve av xvr VE XV | NOILVLS

NOSY3S L3M / 11v4
ALITVND H3LVM JINVOHONI

FTINANOSHOVP
bb-2 37gvL

DAMES 8 MOORE
TABLE 2-44



(-) usep e ‘sased asayy 404

*PaULUAIAP JOU SeM BIBD IU3YM 3JEILpul O} pajuasaad S|

*paUIUMPIAP JOU SBM (101JRLAID PAePUR]S Y] "S3JedL(daA 3YY SO AOW 4O AU 20) JWL] UOLIIIIIP

12434 1BUR 3Yy] MO[3Q SEM UO(IBAJUIIUOD BU3YM 40 SAN(eA 33ed[1dId 2 WOU) PauLUUIIIP SBM URIW IY} UIYM SISEI IsSOy) 404

*(2-1 ajqe] aas) uolleubisap uorlels 03 anp pal3(dwed J0U S{SALRUR 07 SJIAL N

SSNUYWIY

*SaN{eA 3124|dad 7 Buisn PauuLIaIAP UOEIT|AIP PuR UK.
“s43jen (11 Sse|) 404 2po)
BALIRAISLUIUPY BPLao|4 ‘-1 493dRY) *Sadjep aupaey A{IJBULWOPIL4 U} SJI)URJR4 JULAPH PIIII|IS 404 Spdepuers Aji|enh aajep

SSILON
ot - %00 o] N %0°0> 900>l aw | an ) on ] ow w00 - |woro-f an | 3w louaydouo(yseruag
01t . (A2 T N 1G> Loe>l M _ M m ki ] Lo} . L0} M N tovaydositvig - vz
-t - 07t ON kL 07> 01> N m N n o1 - 01> N N 105249-w-0J04Yy - 4
[N . |tocor] ow N £0°0>| L070>} N M N kL] {0°0*] - JLocor] ON N fouaydosoqysyaL - 9'5'2
01 _ Isero-l M $0°0> 5070-] N M N m S0'0s] - |sotox] I N toudydoso|ys1@ - 4'z
01 - 07t o | ow 0 t>] oct>l o | | awm | ol - tot| m| o louayg
0 1 - 10 o | m 170> to7) on | DN} ON ] ON ves] - tox] N | ON oudydoiolyy -

5 |ouayqd
100°0 - |szro| N N 520> 270> N N N w szros] - [szooo o N S.83d
%00°0Q - o] - 7°0 ] 20°0 >} 0705 - 20| - 270 N.i - z'o - 20 suepioty)
£00°0 - Fkotox - F00"07 £00 " 0] 0] - Foo-es] - Foo oo F00'03 - §00°07] - mco.ov urapy
100°0 - fwo - Jhoco> 10°0 >} 1001 - |toro»f - 100> 100> - ftoo>} - [10°0> 1aa
500°0 - |ste - [S2TU0> 520 szof - lszros] - jszosf Stox] - jsz'0x - |ST°'0° suaydexoy
100°0 - Jeotox - to-o> £0°0 > €0°01 - |00 - |foo> €0°0>] - [fo'0s] - |£0°0> (28 L)

S3p17t1s3g4
Y NI T D WVIN (33 L] WA ye] AV iw D LAiL N WA { G T avin y+) wVIn aﬂ.dﬂL
(Prepvers I6-xvr e8-xvr vi-xvr v9-Xvr 5-Xv¢ sh-xvr vE-Xyr VZ-X¥P q4-XVr y3iInvuvd

NOI1V1S

NOSV3S AHO 7 DNiHdS

SOILSIHILOVHYHO ALITVAD H3LVM DJINVDHO

FTUANOSHOVE

Sb-2 3ngvi

DAMES 8 MOORE

TABLE 2-45



TABLE 2-46

JACKSONVILLE
ORGANIC WATER QUALITY

FALL / WET SEASON

STATION FJA)( 3A »\J:X 48 JAX 5B JAX 6A JAX 7A JAX 88 S TANDARD
w w
PARAMETER € (0) JT(O) wWJ(O) wJ {0} woJ J(Q)
Ag/liter
PESTICIDES
MEAN (-3 MEAN g MEAN 2 MEAN g MEAN T MEAN g
MIREX NA NA NA NA NA NA NA NA  [<0.02| - NA NA 0.co!
TOXAPHENE NA NA NA NA NA NA NA NA 0.2 - NA NA 6.005
00T NA NA NA NA NA NA NA NA  ]<0.01 - NA NA 0.001
ALDRIN NA NA NA NA NA NA NA NA  |e0.003| - NA NA 0.003
CHLORDANE M| e ]l ona [ va ] e | owa | ma | na feoz | - NA | Na 0.004
OTHER CHLORINATED| NC NC NC NC NC NC NC NC NC NC NC NC NS
PHENOLS MEAN o MEAN a MEAN a ME AN o MEAN g MEAN o4
2 -CHLOROPHENOL NA NA NA NA NA NA NA NA  [<1.0 . NA NA 1.0
PHENOL NA NA NA NA NA NA NA NA  [<5.0 - NA NA 1.0
2,4-DICHLOROPHENOL | wNA NA NA NA NA NA NA NA  [<0.05 - NA NA 1.0
2,46 -TRICHOROPHENOL | NA NA NA NA NA NA NA NA  [<0.05 - NA NA 1.0
4 - CHLORO-M-CRESOL NA NA NA NA NA NA NA NA <2.0 - NA NA 1.0
2,4 - DINITROPHENQL NA NA NA NA NA NA NA NA K20 - NA NA 1.0
PENTACHLOROPHENOL | naA NA LTI Y NA NA NA NA  [<0.09 - Mo 1.0
NOTES:

# MEAN DETERMINED USING TWO REPLICATE VALUES.

- INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE EITHER THE MEAN
WAS DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW
THE ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION (SEE TABLE 1-3).
NA  INDICATES ADDITIONAL ORGANIC ANALYSIS NOT COMPLETED DUE TO RESULTS FOR JAX 7A WOJ
NS INDICATES NO STANDARD AVAILABLE.

REMARKS :

STANDARD REFERS TO WATER QUALITY STANDARDS FOR PREDOMINATELY MARINE WATERS, CHAPTER [7-3
FLORIDA ADMINISTRATIVE CODE FOR CLASS 111 WATERS.

DAMES 8 MOORE
TABLE 2-46




idwos | J0 S5IIdS € WO PAKILIIIP 3M GH- XOT' UOHDIS 10} PajUISId S1INSas Ayl

*pIVIWIIIIP JOU SUM RITP JA3YM 31EI(pui 03 pajuasaad S} (-} ysep e ‘sased asayy

JOJ "pauIuLI)IP 10U SEM UOLIR{AIpP pAepUR)S Ayl °Saiedpidad 3yl JO JU0E U0 U0 JO I|W|| UOLIDAIAP [eI)1A|eue
Y} MO{3Q UM SUOEILAJUITUOD I4IYM LD SANYPA 3384 |dad 2 WOL) PBULULIIISP SBM URIW Y]} IA3YM SIsed asoy] Jo4

(z-1 31q0y 00w~ uo(1eubiS3p uoj1eIS 03 NP para|duwod J0U S)SALPUR 01 SA3334 IN SHYVWIN

*SaN|RA 33021 {dad Z WOAJ PIUIUIIIIP UL 4 :SILON

N oz [ocdl Jere ool Jgrr Jzred [sct [ecoL Jerz [TeL |8t (6797 [ 1Tt [ 6°SL] TV | 87l [S3 0
sp11os |e10)
IN N joz 091 |1z 049 - |onz - |l o1z |oozZz f[oft ({0091 [9% [T (34 0 ({40
¥ ® snioydsoyq |€30)
N m {6 0rg LS ogtt locz (o96 [ofz |oownr oozt |oootn|oott Joooiijoog [00IE fool 008Y (G i
uoqse) Jtuebag (e30)
M M |SS oi1  Joé 05€ - |es 052 {059 |00t |0OI6 - jooze - Jozg JoL onz [((STALD)
¥ ¥ ¥ usbos3fN {yepla{y 12301
EL] % lgo 0 loc-z [€1°0 [So°€ Jzo'o [£9-2 |zo'0 [g4°Z ]S0°0 {€4°Z j40'0 [9%°Z 100 [69°Z fl0°0 [ 0972 ~KT1AEIH 31319905
il N L ot ot ozt |m 95 9 St ool |oo6 Jogt [oo3 @ i€ S te [C2TAT) I
I1eqdsoyd
N 8 |60°0 {990 |60"0 Jz6 0 Lo |eu Jsoro Jz€0 Jzro [otL S0t [z9°o |50°0 |197@ JI [ {5%/6w)
N - 3leNnN
o8 | o | - oo Jor |oge o9 ooz st 09t {009 |ooos Joofu jooiy foe  jowy Jes 05§ (61/%0 Su)
puewag uabAxg (esi1bojoig
0 uedy D uedy [ uean D ueay 0  ueay [ ueay o uedy 0 ueay ) ueay B WILINYEYS
26-%¥r 9g-xve vi-xve a9-xvr g5-xve ey-xvr vE-xvr vZ-Xyr at-xvr
NOILVY LS

NOSY3S AHQ / DNINdS
SOILSIHILIOVHVHD ALITYND LN3WIA3S

FTUANOSHOVI

1v-2 379vl

IAVIOINIHO ANV TTVIOISAHd TVHINTD

DAMES 8 MOORE
TABLE 2-47



*LIN(7 NO1193130 YD ILATYNY JHL MO130 JWIN S3nTVA

31YII4IN IYOW

HO 3INO IYIHM WO SINTVA JLVIIT4IY OML ONISA OINIWNILIQ SVA NYIW IH1 W3IHIIIZ
FYIHA SISV Y04 Q3INIWEILI0 LON SYM NOILVIA30 OUVONYLS IHL 3WIHA SILYIIONT -

‘SINTYA ILVIIT4IY OML ONISN G3NIWEILIQ NYIW  »
*SSIINOISNIWIG S NAOHS SY ALIAYYYD 21412348 t

{€-1 378VL 33S) NOJLYNIISIO NOILVLS oL 3N0 43137dH0T LON SISATYNY OL S¥IIIN  IN

tSILON

0/5{008L{ IN [IN |Ol |9y - |#019] - [OLS| 64} 06 | aN | ON ISVYIHO ANV 110
DN 3N | ON |ON |oN |ON | an | oN ] oN| on] oN| oN | on | oN N-31vHLlIN
INY ON IN | DN IN IN M IN IN IN ONT ON IN IN d-3JLYHJSOHd
IN] ON | ON |ON [ON |ON | ON [ ON | ON| oON] oONloON ]| N | 9N N- VINOWWY

085 ,000590092 |000El] tZ | €41 | 001200061 009EP00OKY 01€ | 064]00Z1 DODOT NOSYMVYI JINVONO VL0l

099 |co6y | ony]oogzl £y | 061 ] 056 Joozz]oos footil - |:Sot]| 09| 0004INIOOMLIN THYAII MM VLOL

15°C €T [L170[8E"Z}S0"0fSG T |LO"0|Oh " Z|H0 0BE T [90°0 (3572 |50 0|26°C 1 ALIAVY9 214133dS

0 NY3IW| O INVIW] O NYIW| O NV3IW] O INV3IW] O NY3W] O NV3In

(sisoq £ip) wdd
S ram | ris r4S s r4s | 03IM4 4313IWvavd
Ol XVUP | SIXVP | €1 XyPr | 2EXVYr | 21 Xve | OF Xvr | VE XVr | NOILVYLS

NOSV3IS 1L3IMm / 11vd

SOILSIHILOVHVHD LN3IWia3s
TVOIWNIHD ANY TVOISAHd 1VHINID

FTNANOSHUOVP

8b-2 319vi

RPN

TABLE 2-48



ysep ¢ ‘sased asay) 404

*3|dwes [ §0 S1j(dS € WOAS PIULLUIYNIP IU3IM @B XEL UOLIRIS 40) PAVasaad SILNSaL ay)

“PaULILIAIZP JOU SBM BITP IUIYM IFLILPU§ 03 pajuasaud s} (-)
SPIULUIIIIP JOU STM UOLIUEAIP PAEPURIS Y] *S3jedy(dat 3y} JO 40w 40 IUO 10J JLUL| UOLIIIIIP
1®3134(RUR 3} MO|aq SPM UOLIRAIUAIUDD 34IYM JO SAN{eA Jelf[dad 2 WOJ) PIULUUIIIIP SBM URIW 3\ 3UIYM S3sed asoyl Jo4

*{2-1 3tqe3 935) uoyjeublsap uojieys 03 anp padLdwod J0U SySALRUR 03 SUI3IA IN

SSMUVWIY

*sanjes ayedL|doa 2 BuLsn paujuialap URIY »

>._._.._<DC INIJWIA3S JINVOHONI

6v-2 319Vl

TITUANOSHOVE

TSII0N
MmN 20} b2 - |#8°8 -~ |x6°€ ] Lt ] %S |9t ost {Le onl - |u £1] 69 iz
*®
M| M wn | oo - (100 ] - |900] a4 | on | on]om [10°0|SZ°0 f10°0 f€070 | on | OM FELYTTS
¥ ¥
M oM - o] - o] - 1] - 112y 9. - ls9g}) - Joud} - | ou> 1IN
m | o Jeworolerro] - Jsivo feoco Jzito Jzoco Jsto | w0 171 |Szr0|65'0 |00 [zz0 |€0r0] €10 A1noaay
. *
w1l ~ wgo] - jxrzjztrolsioivnoleojr sy |6 ST - In zo] we peay
¥
o ) on oL  |oooi - Joooz | - |vol9 | - ]Sy JoocE poo*9z| 000t pootozl - foool {061 |0S9 uou|
* L ¥
M| oow ) o) w| m ] m} ol w} omf 7T ] o) om| ow]ow Jon Sp1Ionid
w | am - vl - vl - sl - T oenls Wt |¢€ sz - |tz o] 11 19ddo)
T - . . — ]
IN| N L IN BN N S B A TR wn N - {on [ ARS EIETEE) TR0 I4)
¥ x
nlow (2o0f90o0| - Jeoo| - f60co| - ftoo|ivo{fyo| - [€t-ofzo'a {Soa{co0|So0 wnjwpe)
» ¥ x L
) Jjuasay
M| | N - Jso>} - Jori>| o) oow Jow | nw ]oz]99 - Jots] an jon
Ml o m| m - {s0>) - {so>] on}on jow ] oN - 1so>] - |so>] on |oam Auour| tuy
wm!| m - | won - fxoze | - femt - )=ty fooy ]ooof Jost |}oosz = |s68 ]8I u wru gy
0 NYIW 0 nvan J] wviw D nyin D Y3 [} nyin [+ “in D 331 f) nyIn Awnwﬂﬂ >h—uu wdd
SHILINVNVY
I6-xyr 9g-Xvr vL-xvr ¥9-Xvr 85-Xvr an-xvr vE-XYr vT-xvr a-xve
NOLAYVLS
NOSY3S AHQ / DNIHdS ’

TABLE 2-49

DAMES 8 MOORE



TABLE 2-50

JACKSONVILLE

INORGANIC SEDIMENT QUALITY
FALL / WET SEASON

STATION JAX 3A JAX 10 JAX 17 JAX 12 JAX 13 JAX IS JAX (6
FWE (0} SFJ S SFJ SFJ WEJ S
PARAMETER
PPM (dry basis) MEAN | O MEAN [ MEAN g | uean g MEAN | O MEAN | O | MEAN g
ALUMINUM 25000 | 2800 | 9700 | 260 | 32000 | 3100 | 230c0| 2500 800 | 160 {20000 | 3000 | 26000 5200
CAOMIUM . 1.0 0.3 0.12 | 0.03 1.1* - 0.32 | 0.13 0.12] 0.03 | 0.40* - 0.70%| -
CHROMIUM 27 4 8.7 0.5 63 16 39% - 3.1 9.7 120% - 132% .
COPPER 33 5 3.9 2.1 21 6 9.0% - [ - 20 4 19 3
IRON 27000 | 5000 | NC NC NC NC ne NC NC MC | 12000 | 2100 NG NC
LEAD 64 15 | 6.9 | 2.0 45 23 204 - 9.7* - as# - 53 -
MERCURY "0.36 ] 0.03 | 0.16 | 0.0b |0.3% [o0.09 | 0.28 | 0.02 ] 0.11] 0.05)0.33 | 0.1} | 0.43 | 0.04
NICKEL 20 b 5.3 | - 25 3 7.5 1.0 21 - 18 4 kLU -
SILVER 0.9 {0.2 jo.s | - 0.70 |0.06 | 0.23%| - 0.62] 0.17]0.93 Jo.21 {o.30% -
ZINC 10 1 n 3 19 8 40 - 34| - 1254 - 266% -
NOTES:

% MEAN DETERMINED USING TWO REPLICATE VALUES.

- INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES \IHERE EITHER THE
MEAN WAS DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES

WERE BELOW THE ANALYTICAL DETECTION LIMIT,

NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATIOM (SEE TABLE 1-3 ).
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TABLE 2-53

JACKSONVILLE

FALL 7/ WET SEASON

ORGANIC SEDIMENT QUALITY

STATION JAX 3A JAX 10 JAX 17 JAX 12 JAX 13 JAX {5 JAX 16
PARAMETERS FWE (O SFJ S SFJ SFJ WEJ S
ppm (dry basis)

PESTICIDES

MEAN g MEAN [ MEAN 4 ME AN [o4 ME AN [o4 ME AN 4 MEAN aq

MIREX NC NC [ 0.00! - j€0.00) - }<0.001 - k0.001 - NC NC  }0.001 -

) TOXAPHENE NC NC  [<0.015 - j¢0.015 ~ <0.015 - k0.0iIS - NC NC  [D.015 -

ALDRIN NC NG [<0.001 - l<o.001 - |<0.001 - ko.ooi - NG N [<0.00! -

CHLORDANE NC NC [<0.005| - |[<0.005 - |<0.005{ - Lo.oos - NC NC [<0.005]| -

ooT NC Ne  }<0.001 - |<0.00)] - <0.001 - 10,001 - NC NC Lo.oot -

OTHER CHLORINATEQ Nc NC NC NC NC NC NE NC NC NC NC. NC NC NC

PHENOLS

ME AN [n MEAN (3 MEAN 4 MEAN [*4 MEAN 4 MEAN >3 MEAN [*3

2 ~-CHLOROPHENOL NG NC  |<0.05 - |<0.05 - <0.05 - |<0.05 - NC NC  [<0.05 -

PHENQOL ne | Nc Jer.o - l<io | <« <0 - |«.0 - NC | NC I<1.0 -

2 ,4-DICHLORQPHENOL NC NC {<l.0 - [<t.0 - <1.0 - <0 - NC NC i<1.0 -

2,4,6-TRICHLOROPHENOL NC NC  {<0.0} - [<0.01 - ©0.0! - |.0! - NC NC  [<0.01 -

4 -CHLORQO-M-CRESOL NC NG }<0.1 - <0, - <0, 1 - i<0.] - NC NG [<0.1 -

2,4-DINITROPHENOL NC NC  |<0.07 - |<0.07 - <0.07 - |«0.07 - NC NC  (<0.07 -

PENTACHLOROPHENOL NC NC | <0.0! - [<0.01 - <0.01 - la.0 - NC NC  {<0.01 -

NOTES:

® MEAN DETERMINED USING TWO REPLICATE VALUES.

= "INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE EITHER THE MEAN WAS
DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOV THE
ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED OUE TO STATION DESIGNATION (SEE TABEL 1-3).
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TABLE 2-54

JACKSONVILLE
ELUTRIATE RESULTS

STATION JAX 14 JAX 3A JAX IS
PARAMETER X FWE (O) WEJ STANDARD
Ag/ 14 MEAN o MEAN o MEAN o
ALUMINUM 3.4 |0.4 4,5 0.6 6.3 0.8 1500
CADMIUM 0.05 | 0.01 0.07 | 0.01 0.04| o0.,m 5.0
CHROMIUM 0.49 [0.04 | 4,1 | 0.3 | 8.6%| - 50
COPPER 0.77 | 0.05 1.4 0.3 1.4 0.4 15
IRON 19 2 91 7 64 18 300
LEAD 0.91 | 0.04 1.6 c.1 0.47! 0,06 50
MERCURY 0.1 - 0.13 | 0.01 '0.19{ 0,02 0.1
NICKEL 0.28 lo.os | 0.26 | 0.08 | o0.21] o0.03 100
SILVER 0.01 | - 0.04 | 0,01 0.04! 0,01 0.05
ZINC 2.5 |0.2 3.9 0.7 3.b 0.5 1000
FLUORIDE _ NC |NC MC | NC HC NC 5.0
TOTAL KJELDAHL NITROGEN| 0.49 |0.08 2.0 0.1 1041 1.4 NS
TOTAL ORGANIC CARBON 12 1 15 4 14 ] NS
AMMONIA -N NC NC NC NC NC NC NS
NITRATE -N NC NC NC NC NC NC NS
PHOSPHATE -P NC NC NC NC NC NC NS
T QST-~ TE {POST- TRIATE
cg:gﬁrons FrEaT WESULTS TEST RESULTS | STANDARL
NOTES:
- INOGICATES WHERE THE STANDARD OEVIATION WAS NOT DETERMINED FOR CASES *

WAERE EITHER THE MEAN WAS DETERMINED USING TwO REPLICATE VALUES OR
UR WHERE ONE QR MORE REPLICATE VALUES WERE SELOW THE ANALYTICAL °

OETECTION LIMIT

. MEAN DETERAINED USING 2 REPLICATE VALUES

NS REFERS TO STANDARD NOT AVAILABLE

NC  SEFERS TO ANALYSIS NOT COMPLETED OUE TO STATION DESIGNATION
(SEE TABLE 1-3)

4 UNITS FOR PARAMETERS LISTED BELOW ZINC ARE MG/L

REMARKS :

STANDARD REFERS TO WATER QULAITY STANDARDS FOR PREDOMINANTLY MARINE
WATEAS, CHMAPTER 17-3 FLORIDA ADMINISTRATIVE CODE FOR CLASS 111 WATERS

. DAMES 8 MOORE
TABLE 2-54



TABLE 5-1
PARAMETERS REPRESENTING POTENTIAL WATER QUALITY PROBLEMS
DURING MAINTENANCE DREDGING ACTIVITIES

Dissolved Organic
Port Oxygen Nutrients Metals Compound

Pensacola + + Ag* Phenols

Tampa + + Cd Phenols*

Manatee + + Cd

Jacksonville + + Cd

+ Represent continual problem in relation to maintenance dredging.

* Localized problem (only observed to be high at one or two stations).

DAMES & MOORE



TABLE 5-2

LABORATORY PROCEDURES FOR SEDIMENT SAMPLES
Parameter Analytical Method* Special Procedures
Aluminum EPA 202-1 AA-flame Note 1
Antimony EPA 204-2 AA-hydride Note 2
Arsenic EPA 206-2 AA-hydride Note 2
BOD EPA #05,1 5 Day - 20°C Note 3
Cadmium EPA 213-2 AA-furnace Note 1
Total Chromium EPA 218-3 AA-furnace Note 1
Copper EPA 220-2 AA-flame Note 1
Fluoride EPA 340.2 Potentiometric Water extraction
Iron EPA 236-1 AA-flame Note 1
Lead EPA 239-2 AA-furnace Note 1
Mercury EPA 245-5 Cold vapor Note 4
Nickel EPA 249-2 AA-furnace Note 1
TKN EPA 351.3 Digestion - Note 5
potentiometric
Oil and Grease EPA 413.1 Gravimetric Note 6
Mirex EPA 608** GC - EC Note 7
Toxaphene EPA 608** GC - EC Note 7
DDT EPA 608** (GC - EC Note 7
Aldrin EPA 608** GC - EC Note 7
Chlordane EPA 608** GC - EC Note 7
PCB EPA 608** GC - EC Note 7
Phenols EPA 604** (GC - EC and FID Note 8
Phosphate EPA 365.2 Ascorbic Acid Note 9
Nitrate EPA 353.3 Cadmium reduction Note 10
Radium 226 EPA -
Silver EPA 272-2 AA-furnace
Total Phosphorus  EPA 365.2 Persulfate digestion - Note 11
Ascorbate
Total Solids EPA 160.2 Gravimetric - 105°C
TOC EPA 415,1 Note 12
Zinc EPA 289-1 AA-flame
Crain size ASTM-19-D422 Including
hydrometer

Specific gravity

Atterberg Limits
Sedimentation Rate-

ASTM-19-Dg54

ASTM-19-D423 and D424

* EPA - Methods of Chemical analysis of Water and Waste
(EPA-600/4~79-020).

**EPA Gas Chromatographic Methods - Federal Register 44, No. 233,

December 3, 1979,

DAMES 8 MOOR
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TABLE 5-2 ( Cont'd)
Notes:

1. 1 g of sediment was weighted out into a teflon capped digestion
vial. 5 mi of conc. HNO, was added and the vials were allowed
to sit for two hours. Beakers were then capped and digested on
low heat for 48 hours. Caps were removed and nitric acid was
then taken off (to near dryness) and five additional ml of HNO

. and 1 mi of perchloric acid were added. The vials were heatea
until the white perchloric acid fumes subsided. If necessary,
additional increments of HNO, and perchloric acid were added to
complete digestion. The sediment was then brought up with 1 ml
conc. HNO, and 9 ml of redistilled demineralized water and
analyzed by atomic absorption.

2. The digest from note 1 was analyzed by the AA-hydride
technique,

3. Wet sediment samples were weighed into BOD bottles and diluted
' to 300 mi,

4, Samples were digested with sulfuric and nitric acid and
potassium permanganate in an autoclave prior to cold vapor
analyses.

5. Wet sample was digested in a Kjeldah! flask, distilled and
ammonia was determined by potentiometric method.

6. Gravimetric - extraction with Fluorocarbon-113,

7. ~Samples were extracted by techniques in "Interim Methods for
Sampling and Analysis of Priority Pollutants in Sediments and
Fish Samples”. US EPA - October 1980. Extracts were cleaned
up by florisil column chromatography prior to GC-EC analyses.

8. Sample was extracted with methylene chloride (pH 2) and
analyzed by GC-FID and GC-EC (chlorinated phenols),

9., Water extractable phosphates.
10. Water extractable nitrates.

11, Sample was digested with persuifate and digest was analyzed by
ascorbic acid technique.

12. Sediment was analyzed by ampule technique - 0! instrument.

oDAMEAES 8 MOORE
TAO. & =& ~



TABLE 5-3

LABORATORY PROCEDURES FOR WATER SAMPLES

Parameter Analytical Method* Special Procedures
Ammonia EPA 350.3 Potentiometric
Antimony EPA 204-2 AA-hydride
Arsenic EPA 206-3 AA-hydride
BOD ‘ EPA 405.1 5 Day - 20°C
Cadmium EPA 213-2 AA-furnace Note 1
Total Chromium EPA 218-3 AA-furnace Note 2
Copper EPA 220-2 AA-furnace
Fluoride EPA 340.2 Potentiometric
lron EPA 236-1 AA-flame Note 1
Lead EPA 239-2 AA-furnace
Mercury EPA 245-1 Cold vapor
Nickel . EPA 249-2 AA-furnace Note 1
TKN = EPA 351.4 Digestion -
potentiometric
Mirex EPA 608** (CC - EC Note 3
Toxaphene EPA 608** GC - EC Note 3
DDT _ EPA 608** GC - EC Note 3
Aldrin EPA 608** (GC - EC Note 3
Chlordane EPA 608** (CC - EC Note 3
pPCB EPA 608** (CC - EC Note 3
Phenols EPA 604** GC - EC and FID Note 4
Phosphate EPA 365.2 Ascorbic Acid 10 cm light
path
Nitrate EPA 353.3 Cadmium reduction 10 cm light
path
Radium 226 EPA
Silver - EPA 272-2 AA-furnace
Total Phosphorus  EPA 365.2 Persulfate digestion - 10 em light
. Ascorbate path
TSS EPA 160.2 Gravimetric - 105°C
TOC EPA 415.1 Note 5
Note 1

Zinc EPA 289-1 AA-flame

* EPA - Methods of Chemical analysis of Water and Waste
(EPA-600/4-79-020).

**EPA Gas Chromatographic Methods - Federa! Register 44, No. 233,

December 3, 1979,

OAMES 8 MOOR.
TARLE &.2



TABLE 5-3 (Cont'd)

Notes:

1. APDC - DDDC chelation (pH 5.0) - MIBK extraction method was
utilized on 200 m! sample. (Kinrade and Van Loon, Analytical
Chemistry 46 (No, 13): 1894,)

2., Sample (100 ml) was oxidized by EPA 218-3 method, followed by
. APDC - DDDC chelation (pH 2.4) and MIBK extraction,

3. Sample (750 ml) was extracted with methylene chloride. Florisil
cleanup was required for some samples.

4. Acidified sample (750 ml) was extracted with methylene chloride.
Extract was analyzed by GC - FID. 2-Propanol extracts of
chlorinated phenols were analyzed by EC detector for increased
sensitivity.

5. Samples (5 ml) were analyzed by ampule technique (01
‘ instrument, 0l Corp., College Station, Texas). Organic carbon
was oxidized to CO2 by persuifate and CO2 was measured by IR,

DAMES 8 MOORE



e

fAVERW B

— DATE

REVISIONS

1273900426 (8/82)

ACTUAL EXTENT OF FaLL
FIELD PROGRAM (AlLL PORTS)

ACTUAL EXTENT OF SPRING
FIELD PRQGRAM (ALL PORTS)

—_— e

PRECIPITATION (INCHES)

JAN FEB MAR APR may JUN JuL AUG SEPT oCT

NORMAL MONTHLY PRECIPITATION 1941 -1370,
PENSACOLA

NOV DEC

ACTUAL EXTENT OF FALL
FIELD PROGRAM (ALL PORTS)

3 ——

lO‘W

ACTUAL EXTENT OF SPRING
FIELD PROGRAM (ALL PORTS)

AN
M.

AR

T 7
%979 %77

MAY JUN JuL AUG SEPT ocT

OBSERVED MONTHLY PRECIPITATION, PENSACOLA,JANUARY - OCTOBER 1982

NQvV DEC

NORMAL MONTHLY AND OBSERVED
PRECIPITATION, PORT OF PENSACOLA

PRQOJECT: DER DEEPWATER PORTS
LOCATION : PORTS OF JACSONVILLE , TAMPA , MANATEE AND PENSACOLA

DAMES 8 MOORA
FIGURE 2-1




APPROVED BY o _ .= DATF

DATE

o~ -

CHECKED BY

& ge

DATE

REVISIONS

1273900426(8/82)

ACTUAL EXTENT OF SPRING
FIELD PROGRAM (ALL PORTS)

ACTUAL EXTENT OF FALL

FIELD PROGRAM {ALL PORTS!

-
;; ey | *—.——
wl
b
(%)
z
z 7]
=]
-
'S
3 .
w4
- 4
-
(7]
o
o

34
>
|
@
<
=
EE
@
1w
)
-3
E
-
w
Z

0 ]

JAN FEB MAR APR = MAY JUN JuL AUG SEPT ocT NOV DEC
MONTHLY NORMAL NET WATER AVAILABILITY TO STREAM FLOW USING 1941-1570
. MONTHLY NORMAL PRECIPITATION
_PENSACOLA
74
ACTUAL EXTENT OF SPRING FIELD

E’; 6 7 PROGRAM (ALL PORTS)
s — htt——
2 ACTUAL EXTENT OF FALL
- s / FIELD PROGRAM {(ALL PORTS)
2
° /
J .
W
-
w 41
[: 4
-
']
° .

3-
>
a4
2
@
3
b3 24 %
>
2 //
-4 /
W
P
< 14
F
: ///

L __ b4 —

JAN FEB MAR APR MAY JUN JUL AUG SEPT ocT NOV 0EC

OBSERVED NET WATER AVAILABILITY TO STREAM FLOW K PENSACOLA,USING JANUARY

OCTOBER 1982 OBSERVED MONTHLY PRECIPITATION

MONTHLY NORMAL AND OBSERVED
NET WATER AVAILABILITY TO STREAM
FLOW , PORT OF PENSACOLA

PROJECT : DER DEEPWATER PORTS
LOCATION : PORTS OF JACKSONVILLE , TAMPA, MANATEE AND PENSACOLA

DAMES 8 MOORS
FIGURE 2-2




DATE
DATE

DATE
DATE

LHALNLD BY
APPROVED

>4

ﬂ\\ APPROACH

” CHANNEL

INNER HARBOR
CHANNEL

R A o N N Gur BREEZE
PENSACOL A B 3 L o
NAVAL AR STATION '.-:,:. PNS-28

A1
\\
A\

MILES

REFERENCE :

CORPS OF ENGINEERS OWG. No. 14 PENSACOLA HARBOR, FLA.
DATED : 9-30-79
1

SPRING/ DRY SEASON
SAMPLE STATION LOCATIONS
PENSACOLA HARBOR

1273900426 (5-82)

PROJECT: DER -DEEP WATER PORTS DAMES 8 MOORE
LOCATION : JACKSONVILLE - PENSACOLA- TAMPA - MANATEE FIGURE 2-3




JAHND NOLLYAQVYHD

]
K
§<
M (V]
SINIWYS 31VDITdIY € WONS O3NIWN3130 SINTVA LIWIT 9388311V : 310N a4 oy
T8z
(&)
TINNYHD HOBYYH HINNI sl Jver |se9 | osce AVD ALWS u_z<ozoL HO Vi-SNd m mm
NOILYOO id “d 1 |OM1VYN NO1 Lv2Ii4ISSVY1D Hid3a NOIlV LS o B
INTd WNIOaM  |3SHV0I]  aNid | 35uUv0D
AVII ¥O 1S _azmww I TSATED $378802 L M
SHILIWITTN NI 3ZIS NIVHO S
1000 100 1o 0 0! 00! 000} <
| [ | | 0 %)
_ _ | _ 2
1o
| | ] o
| | ! |
: 02
_ ] | m
| J -4
_ . _ _ *
} f z
. i y [ o ur]
< } J | W
™ } il | } s m
N + 4 | I >
N - L _ : 2
N 1 | |
L L M | L3
- } | i oo T
N - “ _ i ::
N | | } _ los
“ | | i
N I | ( !
¥ { #. - l 001
002 00} 09 O+ O2 i PNIB/C NIV 'NIST 'NIE
- 3Z1S IAIS QUVANVLS ‘SN
(28/6 )92 b006£.2)
lrl.{l)“.nnlli »\I” wr%:ﬂﬂ.]u“ﬂl!"l“ﬁ@h-n
vLL\ BNOISIATH N . - N .vvx.s

e

757.2 (REV. 4-62)



¥
IANND NOWLYAYNO m M
M s
"S3VdWVYS ILVIITdIY € WONS 03INIWYILIQ SINTVA SLIWIT 9YIEYILLVY : ILON M 05
O
T
13INNVHD AvE | 62 | 288 229 | sicH AVID ALTIS DINVONO _ HO 82-SNd mnw m
NQILVY IO Id d 7 [OM1VN NO1LVIIJISSYID Hid3d NOILVY1S a o
V12 HO 1S ELTY] _azd:_ou: [35uvo3] __aNud ._uhéumz«ou 5318800 - _ M
(@]
SYILIWITUHN NI 3Z1S NIVHO o
1000 100 10 ot o1 001 000! by
| I [ I L] 1° m
X _ I L J o1 w
I ] [ 1l [ o
¥
i i J I ] o2
¢ \ I f _ [ | m
N [ f _ | | 0 O
N 1 I _ l 2
| | | _ _ ~
L I
N T | _ ov »
N A ¥
N _ i L _ o¢ m
AN “ “ — 1 | u
AN | | ——H | =<
N, | $ }
/( I .F g “ ] _ o -M
Y + 1 } L -
. I 1 | i | . nHJ
r —_ “ —
NN 1 I I Jos
] 1 [ ' , J
P, r E _ ] L 001
002 00! 09 Ob O2 Ol PNIB/E 'NIb/E 'NISTI 'NIE
- 321S 3AJIS QYVANVLS 'S'n B
(28/61924006€.42

1 )l
l»l IU.WNHJ:..._I] )-
Mve AN —
BNOIStA Y e A

.

787.2 (REV. 4-62)



REVISIONS

Paea

~rr

DATE

LheAla

ay

DATE

DATE

CHECKED BY
APPROVED

DATE

wf

DATE

1273900426 (5-82}

=z

< BAroy cmico CNANNEL

W '?.’f'"“._m"

9 APPROACH CHANNELS

PENSACOLA K s
NAVAL AR STATION /

\

ENTRANCE CMANNEL \\.‘\.
\!
\\

W\

REFERENCE :

CORPS OF ENGINEERS DWG. No. 14 PENSACOLA HARBOR . FLA.
DATED : 9-30-7%

NOTES:
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SEE TEXT.

2. LOCATIONS AS SHOWN ARE APPROXIMATE,
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DAMES 8 MOORSR
FIGURE 2-6
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TABLE 2-3i

TAMPA

ORGANIC SEDIMENT QUALITY

FALL / WET SEASON

STATION TPA 1A TPA 68 TPA 8 TPA 9 TPA 10 TPA 11 TPA 12
PARAMETERS WET(0) WOET SFT SFT SFT SFT SFT

ppm{dry basis) .
PESTICIDES

MEAN [+4 MEAN g MEAN g MEAN S MEAN g MEAN 15 MEAN [+3

MIREX NC NC NC NC  [<0.001] - 0.001 - [<0.00! - {<0.001 - |<0.001] -

TOXAPHENE NC NC NC NC  j<0.015]| - l<0.015 - |<0.915 - |<0.015 - J<o0.015 -

ALDRIN NC NC NC NG J<0.001| -  ko.oo1 - |<0.00! - [<0.001 - |<0.001f -

CHLORDANE NC NC NC NC <0.005| - le0. 005 = 1<0.005 - {<0.005 - [<0.005] -

0DOT NC NC NC NG {<0.001] - <0.001 - |<0.001 - |<c.001 - |<0.001| -

OTHER CHLORINATEQ e NC NC NC NC NC NC NC 14 s NC NC NC

PHENOLS

ME AN T MEAN -4 MEAN T MEAN [+ MEAN g MEAN g MEAN o

2 ~-CHLQROPHENOL NC NG NC NC <0.05]| - 0. 05 - <0.05 - l<3.05 - |<0.05 -

PHENOL NC NC NG NG <0 | - 1.0 - |<t.0 - qst.0 - |et.0 -

2 ,4-DICHLOROPHENOL NC NC NG N [<1.0 | - ki.o - <l.0 - lag.0 - J<i.o -

2,4,6-TRICHLOROPHENOL | NC NC NC NC <0.01| - 0. 01 - «0.01 - ko.oi - l<0.01 -

4 -CHULORQ-M-CRESQL NC NC RC NC <0.1 - 0.1 - .\ < Jaou - 1«<0.1 -

2,4-DINITROPHENOL NC NC NC NC <0.07| - 0.07 - <0.07 - [<0.07 - <0.07 -

PENTACHLOROPHENOL NC NC NC NC <0.01} - 0,01 - <0.0} - 0.0} - <0.01 -

NOTES:

*  MEAN OETERMINED USING TWO REPLICATE VALUES.

= INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE E!THER THE MEAN WAS
DETERMINED USING TWQ REPLICATE VALUES OR WHERE ONE OR MQRE REPLICATE VALUES WERE BELQW THE
ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION (SEE TABLE 1-3).

DAMES 8 MOORE
TABLE 2-3I|
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TABLE 2-32

TAMPA

ELUTRIATE RESULTS

PARAMETER STATION T[;ATB | ‘IJZI'\I' (Ig) TVTI?JEGTB STANDARD
Adg/ 12 ME AN g MEAN o MEAN o]
ALUMINUM 2.5% | - 3.1 0.2 | 2.7 | 0.4 1500
CADMIUM 0.02 | 0.01 | 0,06 0.01] 0.06| 0.01 5.0
CHROMIUM 1.0 0.1 2.3 0.2 b1 0.9 50
COPPER Q.77 [ 0.05] 0,27 | 0.06} 0.28] 0,07 15
IRON 7.9 | 0.6 | 15 2.0 | 13 2.0 | 300
LEAD 0.36 | 0.07 | 0.38 | 0.05] 0.35| 0.05 50
MERCURY <0.1 - 0.22 0.02| 0.21| 0.03 0.1
‘NICKEL 1.0 | 0.2 5.0 0.4 3.9 | 0.6 100
SILVER 0.03 | 0.01 | 0.09 0.02| 0.07| 0.01 0.05
ZINC 3.9 {0.3 | 3,8 0.4 | 4,7 | 0.5 1000
FLUORIDE 1.0 0 1.2 0.1 1.2 | 0.1 5.0
TOTAL KJELDAHL NITROGEN|3-t | 0.5 | 15 2 16 | 4 NS
TOTAL ORGANIC CARBON 5.2 0.3 7.2 0.7 12 0.6 NS
AMMONIA-N. 0.10 | 0.02 | 8.5 0.7 | 11.1] 1.5 NS
NITRATE-N 0.07 | 0.02 | 0.16 { 0.03| 0.11| 0.02 NS
PHOSPHATE-P 0.59 | o.10 | 1,03 | o0.15] 1.1 | 0.2 NS
comorions | T3vr RERTS | TEuT ReRTE [ STANDARO

NQTES:
NS  REFEAS TO STANDARDS NOT AVAILABLE
H UMITS FOR PARAMETERS LISTED BELOW ZINC ARE MG/L

NOTES:

. IMDICATES WJHFPE THE STANDARQC DEVIATION WAS NNT NSTEPMINEN £NR CASES
WHESE EITHFA THE wEAN WAT DETERMINED USING TWO CEPLICATE YALUES OR
»4FOF INE N2 Mnag IEPYL ICAIE VALUES WwHRE BELOW THE ANALYTICAL DETEC-
Ty syt

< BN JETERMIMED 3N I FEPLICATE VALUES
Azwaaks:

ST24JARD REFEAS TO WATER QUALITY STANDARDS FOR PREDOMINANTLY MARINE

wATZRS, CHAPTER 17-3 FLLCRIDA AQMINISTRATIVE CJIDE FIR CLASS 111 WATERS

DAMES 8 MOORS
TABLE 2-32



TABLE 2-32

TAMPA

ELUTRIATE RESULTS

PARAMETER STATION i N WET (Ig) TWOET  |stanoao
Adg/ 1t ME AN o} MEAN a MEAN o
ALUMINUM 2.5% | - 3,1 0.2 | 2.7 | o.b 1500
CADMIUM 0.02 { 0.01 | 0,06 0.01{ 0.,06] o0.01 5.0
CHROMIUM 1.0 | 0.1 | 2.3 0.2 | 4.1 | 0.9 50
COPPER 0.77 1 0.051{ 0,27 | 0.06] 0,28 0.07 15
IRON 7.9 | 0.6 | 15 2.0 | 13 2.0 | 300
LEAD 0.36 | 0.07 | 0.38 | 0.05| 0.35| 0.05| 50
MERCURY . <0. 1 - 0.22 | 0.02] 0.21] 0.03 0.1
NICKEL 1.0 0.2} 5.0 0.4 | 3.9 | 0.6 100
SILVER 0.03 | 0.01 | 0.03 | 0.02| 0.07| 0.0 0,05
ZINC 3.9 [ 0.3 | 3.8 0.4 | k7 | 0.5 1000
FLUORIDE 11.0 0 1.2 0.1 | 1.2 | o.1 5.0
TOTAL KJELDAHL NITROGEN]| 3.1 | 0.5 | 15 2 16 | 4 NS
TOTAL ORGANIC CARBON 5.2 0.3 7.2 0.7 12 0.6 NS
AMMONIA - N 0.10 | 0.02 | 8.5 0.7 | 11.1] 1.5 NS
NITRATE -N 0.07 | 0.02 | 0,16 | 0.03| o0.11]| 0.02 NS
PHOSPHATE-P 0.59 | 0.10 | 1.03 | 0.15) 1.1 | 0.2 NS
comn s | TeLr mesons | SeRT ALoe [STaNeAno

NGTES:
NS REFERS TO STANDARDS NOT AVAILABLE
E UNETS FOR PARAMETERS LISTED BELOW ZINC ARE MG/L
NOTES:
- INDICATES 4eFDE THE STANDARCG NEVIATION WAS NNT DFTFOMiNFDN FNAR CASES
WHEBF EITHER THE “EaN WAT OETEAMINLY USING Twn FEPLICATE VALUES OR

~HFOF INE IR MARE FEPLICAIE VALUES WEAE BELOW THE aNALYTICAL DETEC-
TR LtmMr

S e JEPERMINED J3ING I IEPLICATE VALUES
95utaks:
ST243ARD REFEAS TO WATER QUALITY STANDARDS FOR PREDOMIMANTLY MARINE

#ATERS, CHAPTER 17-3 FLLRIDA ADMINISTRATIVE CIDE FOR CLASS il WATERS

DAMES 8 MOORS
TABLE 2-32



¥ .JABLE 2-33

MANATEE

GENERAL PHYSICAL AND CHEMICAL
WATER QUALITY CHARACTERISTICS

FALL / WET SEASON

STATION MAN IA|MAN 2B} MAN 3 STANDARD

PARAMETER WET (O)| WOT SFT
| TEMPERATURE (°C)™ 28 29 28 NA
SALINITY (PPT) 28.5 30 27 NA
DISSOLVED OXYGEN {mg/) 6.5 3.5 NA L

DISSOLVED OXYGEN

(% SATURATION) 95.6 | 53.4 NA NA
TURBIDITY (NTU) 2.9 2.1 4.4 NA
CONDUCTIVITY {_umhos) 35700 | 37600 36100 NA
> 6.0
pH 7.8 7.6 7.9 |s 8.5

NOTES :
NA REFERS TO DATA NOT AVAILABLE

#* VALUES DETERMINED WITH THE D.0. METER.

REMARKS :

STANOARD REFERS TO WATER QUALITY STANDARDS IN PREDOMINATELY
MARINE WATERS, CHAPTER 17-3 FLORIDA AOMINISTRATIVE CQDE
FOR CLASS 111 WATERS.

DAMES 8 MOORE
TABLE 2-33



TABLE 2-34

-MANATEE

INORGANIC WATER QUALITY

FALL / WET SEASON

STATION MAN IA MAN 2B MAN 3 STANDARD
PARAMETER ' WET(O) WOoT SFT
Mg/ liter MEAN o MEAN o MEAN | O
ALUMINUM NC NC NC NC NC NC 1500
CADMIUM NC NC NC NC 0.06 | 0.01 5.0
CHROMIUM NC NC NC NC NC NC 50
COPPER NC NC NG NC 0.43 | 0.05 15
FLUORIDE * 0.98 | 0.03 | 1.0 o0 1.0 | 0.2 5.0t
IRON NC NC NC NC NC NC 300
LEAD NC NC NC NC 0.27 | 0.03 50
MERCURY <0.10 - < 0.1 - <0.10 - 0.1
NICKEL NC NC NC NC NC NC 100
SILVER 0.02| o 0.01*| - 0.02| o0.01| 0.05
ZINC <1.1 - <1.0 - NC NC 1000
NOTES:
#* MEAN DETERMINED USING TWO REPLICATE VALUES.
- INDICATES WHERE THE STANDARD CEVIATION WAS NOT DETERMINED FOR CASES WHMERE
EITHER THE MEAN WAS DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE
OR MORE REPLICATE VALUES WERE BELOW THE ANALYTICAL DETECTION LIMIT.
NC  REFERS TO ANALYSIS NOT COMPLETED DUE TQ STATION DESIGNATION (SEE TABLE I-3).
! FLORIOE UNITS IN MG/L.
REMARKS :

STANDARD REFERS TC WATER QUALITY STANDARDS IN FREDOMINATELY MARINE WATERS,
CHAPTER 17-3 FLORIDA ADMINISTRATIVE CODE 111 WATERS.

DAMES B MOORR
TABLE 2-34
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TABLE 2-35

MANATEE

ORGANIC WATER QUALITY
FALL / WET SEASON

STATION MAN 1A MAN 2B
PARAMETE WET(0) WOT STANDARD
| 4q/liter
PESTlCIDES MEAN g MEAN g
MIREX NA NA  ]<0.02 - 0.001
TOXAPHENE NA NA  |<0.2 - 0.005
DDT NA NA i< 0.0l - 0.001
ALDRIN = | NA | NA J<o0.003] - 0.003
CHLORDANE NA NA  lc0.2 - 0.004
OTHER CHLORINATED| Nc | nc | wc | nc | s
PHENOLS MEAN a MEAN o
2- CHLOROPHENOL NA NA  |<1.0 - 1.0
PHENOL NA NA  ]<5.0 - 1.0
2,4-DICHLOROPHENOL| NA NA  1<0.05 - i.0
2,4,6-TRICHLOPHENOL | nNaA | NA  |<0.05 | - 1.0
4 - CHLORO-M-CRESOL NA NA |<2.0 - 1.0
2,4 - DINITROPHENOL Na | ona koo - 1.0
PENTACHLOROPHENOL NA NA <0.05 - 1.0
e,

=~ INBICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WMERE
EITHER THE MEAN WAS DETERMINED USING TWQ REPLICATE VALUES OR WHERE ONE
OR MORE REPLICATE VALUES WERE BELOW THE ANALYTICAL DETECTION LIMIT.
NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION OESIGNATION (SEE TABLE 1-3).
NS INDICATES STANDARD NOT AVAILABLE.

NA  INDICATES ADDITIONAL ORGANIC ANALYSIS NOT COMPLETED OUE TO RESULTS FOR'
TPA 6B~WOET.

REMARKS :

STANDARD REFERS TO WATER QUALITY STANDARDS IN PREDOMINATELY MARINE WATERS,
CHAPTER 17-3 FLORIOA ADMINISTRATIVE CODE FOR CLASS |11 WATERS.

DMAMES 8 MOORER
" TABLE 2-35



TABLE 2-36

MANATEE

| GENERAL PHYSICAL AND CHEMICAL
SEDIMENT CHARACTERISTICS

FALL / WET SEASON

STATION MAN IA MAN 3

PARAMETER WET (0} SFT
ppm{dry basis)

MEAN o} MEAN a
SPECIFIC GRAVITY ' 2.76 { 0.03 | 2.70 | 0.03
TOTAL KJELDAHL NITROGEN| 2300 | 750 330 32
TOTAL ORGANIC CARBON 16000 | 4900 | 1300 430
AMMONIA - N 470 78 NC NC
PHOSPHATE - P 1400 210 NC NC
NITRATE - N 1.2 0.4 NC NC
OlIL and GREASE NC | NC 330 75

NOTES:

NC REFERS TO ANALYS!S NOT COMPLETED OUE TO STATION DESIG-

NATION (SEE TABLEI-3).

1 SPECIFIC GRAVITY AS SHOWN IS DIMENSIONLESS.

DAMES 8 MOORS
TADI £ 2.12&
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TABLE 2-38

MANATEE

INORGANIC SEDIMENT QUALITY
FALL / WET SEASON

STATION MAN |A MAN 3
PARAMETER WET (0) SFT
PPmM(dry basis) MEAN g MEAN a
ALUMINUM 15000 | 3800 | 2100 500
CADMIUM 0.78 1 0.03 0.22 | 0.05
CHROMIUM 32 | 9 13% -
COPPER ‘ 2] 5 2.0% | -
IRON 8700 | 2400 | NC NC
LEAD 13 4 3.8 -
MERCQRY 0.25 | 0.09 | 0.14 | 0.03
NICKEL 16 5 2.7% | -
SILVER 0.314 - 0.19 |0.04
ZINC 18 11 hoox | -

NOTES:
* MEAN DETERMINED USING TWO REPLICATE VALUES,

= INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR
CASES WHERE EITHER THE MEAN WAS DETERMINED USING TWO REPLICATE

VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW THE
ANALYTICAL DETECTION LIMIT,

NC REFEAS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION
(SEE TABLE 1-3).

DAamEs 8 MOoORE
TABLE 2-38



TABLE 2-39

MANATEE |
ORGANIC SEDIMENT QUALITY

FALL / WET SEASON

TN

STATION MAN IA MAN 3
PARAMETER WET(O) SFT
pPpm (dry bases)

PESTICIDES MEAN - MEAN -
MIREX NC NG  [<0.001 -
TOXAPHENE NC NC [<0.015 -
ALDRIN NC NC k0.001 -
CHLORDANE NC NC [k0.005 -
ODT NC NC  kO0.001 -

OTHER CHLORINATED NC NC NC NC
PHENOLS MEAN | MEAN g
2-CHLOROPHENOL NC NC [0.05 -
PHENOL NC NC KI1.0 -
2,4-DICHLOROPHENOL NC NC k1.0 -
2,4,6-TRICHLOROPHENOL NC NC F[O0.01 -
4 - CHLORO-M- CRESOL NC NC [0.1 -
2,4- DINITROPHENOL NC NC [<0.07 -
PENTACHLOROPHENOL NC NC [<0.0l] -

NOTES:

- INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR
CASES WHERE E!THER THE MEAN WAS DETERMINED USING TWO REPLICATE
VALUES OR WHERE ONE OR MORE REPUICATE VALUES WERE BELOW THE
ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYS!S NOT COMPLETED DUE TO STATION DESIGNATION
(SEE TASLE 1-3).

SAMES 8 MOORS
TABRLE 2 -39



TABLE 2-40

MANATEE
ELUTRIATE RESULTS

> STATION TPA 13 MAN 1A
PARAMETER XT WE T(0) STANDARD
g/t MEAN o MEAN a
ALUMINUM 2.5% - b1 0.7 1500
CADMIUM 0.02 | 0.0t | a.q4 0.01 5.0
CHROMIUM 1.0 | 0.1 2.2 0.6 50
COPPER 0.77 | 0.05 | 0.80 0.05 15
IRON 7.5 0.6 11.1 1.9 300
LEAD 0.36 | 0.07 | 0.52 0.11 . 50
MERCURY < 0.1 - ' I<0.10* - 0.1
NICKEL 1.0 0.2 2.1 0.2 100
SILVER 0.03 | 0.01 | 0,09 | 0.02 0.05
ZINC 3.9 1o0.3 2.1 0.2 1000
FLUORIDE 1.0 0 1,1 0.06 5.0
TOTAL KJELDAHL NITROGEN |3, i 0.5 14 2.5 NS
TOTAL ORGANIC CARBON 5.2 0.3 8.6 0.3 NS
AMMONIA -N 0.1C { 0.02 9.5 0.6 NS
NITRATE -N 0.07 | 0.02 | 0.12 | 0.02 NS
PHOSPHATE -P 0.55 lo.13 | 3.3* - NS
POST - TRIATE
CONDITIONS | ' TEST HEsuLTs. | STANDARD

NOTES:

- INDICATES WHERE THE STANDARD DEVIATION WAS NOT OETERMIMED FQR CASES

NS

WHERE £ITHER THE MEAN WAS OETERMINED USING TWO REPLICATE YALUES JR
WHERE ONE 7R MORE REPLICATE VALUES WERE BELOW THE ANALYT|CAL DETEC-
Tiomw Limiv .

MEAN QETERMINED USING 2 REPLICATE VALUES

REFERS TO STANDARD NOT AVAILABLE

UNITS FOR PARAMETERS L{STED BELOW ZINC ARE MG/L

REMARKS :

STANDARD REFEAS TO WATER QUALITY STANDARDS FOR PREQOMINANTLY MARINE
4ATERS, CHAPTER 17-3 FLORIOA ADMINISTRATIVE CODE IR CLASS 111 WATERS

DAMES B mOoOoRs
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TABLE 2-46

JACKSONVILLE
ORGANIC WATER QUALITY

FALL / WET SEASON

STATION FJAé 3A JAXT4B JAX 58 JAX 6A JAX 7A JAX 88 STANDARD
W N
PARAMETER (Q) WJT(0) WJ(0) wJ(0) waJ wJ(Q)
A/ liter
PESTICIDES
MEAN (2 MEAN g MEAN g MEAN [+4 MEAN g MEAN g
MIREX NA NA NA HA NA NA NA NA  1<0.02 | - NA NA 0.001
TOXAPHENE NA NA NA NA NA NA NA NA le0.2 - NA NA 0.005
ooT Na | na | na | ma wa | ona | na | ma Jcoor | - NA | ma 0.001
ALDRIN NA NA NA NA NA NA NA NA  le0.003] - NA NA 0.003
CHLORDANE NA NA NA N | wa NA NA Na [<0.2 - NA NA 0.004
OTHER CHLORINATED| NC NC NC NC NC NC NC NC NC NC NC NC NS
PHENOLS
MEAN T MEAN [ MEAN g ME AN o MEAN [+4 MEAN g
2 ~CHLOROPHENOL NA NA NA NA NA NA NA NA - [<1.0 - NA NA 1.0
PHENOL NA NA NA NA NA NA NA NA  {<5.0 - NA NA 1.0
2,4-0DICHLOROPHENOL | NA NA NA NA NA NA NA NA  {<0.05 . NA NA 1.0
2,4,6-TRICHOROPHENOL | NA NA NA NA NA NA NA NA  |<0.05 - NA NA 1.0
4 -CHLORQ-M-CRESOL NA NA NA NA NA NA NA NA {<2.0 - NA NA 1.0
2,4 - OINITROPHENOL NA NA NA NA NA NA NA NA (<20 - NA NA 1.0
PENTACHLOROPHENOL | NA NA NA NA NA NA NA NA  [<0.09 - NA NA 1.0
NOTES:
& MEAN DETERMINED USING TWO REPLICATE VALUES.
~ INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE EITHER THE MEAN
WAS DETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW
THE ANALYTICAL DETECTION LIMIT.
NC REFERS TO ANALYS!S NOT COMPLETED DUE TO STATION DESIGNATION (SEE TABLE 1-3).
NA INDICATES ADDITIONAL ORGANIC ANALYSIS NOT COMPLETED DUE TO RESULTS FOR JAX 7A WOJ
NS INDICATES NO STANDARD AVAILABLE.
REMARKS :

STANDARD REFERS TO WATER QUALITY STANDARDS FOR PREDOMINATELY MARINE WATERS, CHAPTER 17-3
FLORIDA ADMINISTRATIVE CODE FOR CLASS 11 VATERS.

DAMES 8 MOORE
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TABLE 2-50

JACKSONVILLE
INORGANIC SEDIMENT QUALITY

FALL 7/ WET SEASON

STATION JAX 3A JAX 10 JAX 17 JAX 12 JAX 13 JAX 15 JAX 16
FWE (O) SFJ S SFJ SFJ WEJ
PARAMETER
PPM {dry basis) MEAN | O | mEan T | MEAN g |uean , o | mean , @ MEAN ;| O | uEan , @
AL UMINUM 25000 | 2600 | 9700 | 260 | 32000 ; 3100 | 23000| 2500 800 | 160 |20000 | 3000 | 26000 | 5200
CADMIUM . 1.0 | 6.3 | 0.12 | 0.03 (L - 0.32 | 0.13 | o0.12| 0.03§ 6.40%| - { 0.70%] -
CHROMIUM 27 b 6.7 | 0.5 63 13 39# - 3.1 0.7 | 120= - 132% -
COPPER 33 5 3.9 |24 21 6 9.0% | - [RL L B 20 4 19 3
IRON 27000 | 5000 NC NC NC NC ne NC NC NC 12000 | 2100 NC NC
LEAD 6 15 ] 6.9 | 2.0 45 23 204 | - 9.7%| - s - 53% | -
MERCURY 0.36 { 0.03 [ 6.16 [ o.04 |0.34 [0.09 0.28 | 0.02 0.1l 0.05(0.39 0.11 | 0.43 | 0.04
NICKEL 20 4 5.3 - 25 3 7.5 1.0 21* - 18 b I -
SILVER 0.9 0.2 Q.1* - 0.70 |0.16 0.23%{ - 0.62] 0.17 |0.93 |0.21 |0.30% -
ZINC 10 ! n 3 19 8 4ox | - 3.4x) - 25w - 265+ -
NOTES:

* MEAN DETERMINED USING TWO REPLICATE VALUES.

= INDICATES WHERE THE STANDARD DEVIATION WAS NOT OETERMINED FOR CASES WHERE EITHER THE
MEAN WAS OETERMINED USING TWO REPLICATE VALUES OR WHERE ONE OR MORE REPLICATE VALUES

WERE BELOW THE ANALYTICAL DETECTION LIMIT.

NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION (SEE TABLE 13 ).
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ORGANIC SEDIMENT QUALITY

TABLE 2-53

JACKSONVILLE

FALL / WET SEASON

STATION JAX 3A JAX 10 JAX 17 JAX 12 JAX 13 JAX (5 JAX |6
PARAMETERS FWE (0) SFJ SFJ SFJ WEJ S
ppm (dry basis)

PESTICIDES

MEAN g ME AN [on} ME AN 4 ME AN g ME AN o4 ME AN 3 MEAN [+8

MIREX NC NC k0.00! - j€0.001] - |<0.00! - [o.c0! - NC NC  j0.00] -

TOXAPHENE | n¢ | ne¢ |[o.o15| - [<o0.015] - [co.ot5] - koos| - s | nc ko.ois| -

ALDRIN NC NC }<0.001| - J€0.001] - J<0.00i] - fo.c01| - NC a ko.oo1| -

CHLORDANE NC NC |<0.005 - |<o.005] -~ <0.005 - lo.00s - NC NC  [«0.005 -

00T NC NC  {<0.00! - |l=o0.001 - <0.001 - |o.oot - NC NC  [€0.001 -

OTHER CHLORINATEQ nc NC NC NC NC NC NE NC NC NC NC. NC NC NC

PHENOLS

ME AN s MEAN o MEAN o ME AN g MEAN T MEAN =3 MEAN (-3

2 -CHLOROPHENOL NC NC [<0.05 -« |<0.0§ - <0.05 - |<0.05 - NC NC  {<0.05 -

PHENOQL NG NG {<l.0 - |*<1.0 - <1.0 - 0 - NC NC  [<t1.0 -

2 ,4-0ICHLOROPHENOL NC NC |<1.0 - {<1.0 - Jel.o0 - .0 - NC NC  [<1.0 -

2,4,6-TRICHLOROPHENOL NC NC |<0.01 - l<0.01 - <«0.01 - |<0.01 - NC NC  {<0.01 -

4-CHLORO-M-~CRESOL NC NG {<0.1 - <0, - 1«04 - j<0.1 - NG NC  1<0.! .

2,4-DINITROPHENOL NC Ne |<0.07 - |<0.07) - <0,07 - |<0.07 - NC NC  [<0.07 -

PENTACHLOROPHENOL NC NC | <0.01 - |<0.0i - <0.01 - |<9.01 - NC NG [<0.01 -

NQTES:

% MEAN DETERMINED USING TWQ REPLICATE VALUES.

~ "INDICATES WHERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES WHERE EITHER THE MEAN WAS
DETERMINED USING TWQ REPLICATE VALUES OR WHERE ONE GR MORE REPLICATE VALUES WERE BELOY THE
ANALYTICAL DETECTION LIMIT,

NC REFERS TO ANALYSIS NOT COMPLETED DUE TO STATIGN DESIGNATION (SEE TABEL 1-3).

DAMES 8 MOORE
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TABLE 2-54

JACKSONVILLE

ELUTRIATE RESULTS

STATION JAX 14 JAX 3A JAX 15
PARAMETER X FWE (O) WEJ STANDARD
A9/ 1t | MEan g | MEAN g MEAN g
ALUMINUM 3.4 [0k | 4.5 | 0.6 6.3 | 0.8 1500
CADMIUM 0.05 | 0.01 0,07 | 0.01 0.04{ 0,01 5.0
CHROMIUM 0.49 | 0.04 b1 0.3 8.6% - 50
COPPER 0.77 | 0.05 1.k 0.3 1.5 0.4 15
IRON 19 2 91 7 64 18 300
LEAD 0.9t jo.o4 | 1.6 | 0.1 0.47| 0.06| 50
MERCURY 0.1 - 0.13 | 0.01 0.19| 0,02 0.1
NICKEL 0.28 |o.o6 | 0.26 | 0,08 | o0.21] o0.03 100
SILVER 0.01 | - 0.04 | 0.01 0.04{ 0,01 0.05
ZINC 2.5 (0.2 3.9 0.7 3.4 0.5 1000
FLUORIDE NC NC NC NC e NC 5.0
TOTAL KJELDAHL NITROGEN]| 0.49 |0.08 2,0 0.1 10,410 1.4 NS
TOTAL ORGANIC CARBON 12 1 15 b 14 1 NS
AMMONIA =N NC NC NC NC NC NC NS
NITRATE -N NC NC NG NC NC NC NS
PHOSPHATE -P NC NC NC NC NC NC NS
AMBIENT POST-ELUTRIATE | POST-ELUTRIATE
CONDITIONS | TEST RESULTS | TEST RESULTS | STANDAR!
NOTES:
- INDICATES WHMERE THE STANDARD DEVIATION WAS NOT DETERMINED FOR CASES .

WHERE €ITHER THE MEAN WAS DETERMINED USING TwO REPLICATE VALUES OR
QR WHERE ONE OR MORE REPLICATE VALUES WERE BELOW THE ANALYTICAL

DETECTION LtmIT

bl MEAN DETERMINED USING 2 REPLICATE VALUES

NS REFERS TO STANDARD NOT AVAILASBLE

NC  REFERS TO ANALYSIS NOT COMPLETED DUE TO STATION DESIGNATION

(SEE TABLE 1-3)

1 UNITS FOR PARAMETERS LISTED BELOW ZINC ARE MG/L

REMARKS :

STANDAAD REFERS TO WATER QULAITY STANDARDS FQR PREDOMINANTLY MARIME
WATERS, CHAPTER 17-3 FLORIOA ADMINISTRATIVE CODE FOR CLASS 111 WATERS

. DAMES 8 MOORN
TABLE 2-54



TABLE 5-1
PARAMETERS REPRESENTIMG POTENTIAL WATER QUALITY PROBLEMS
DURING MAINTENANCE DREDGING ACTIVITIES

Dissolved Organic
Port Oxygen Nutrients Metals Compound

Pensacola + + Ag* Phenols

Tampa + + Cd Phenols*

Manatee + + Cd

Jacksonville + + Cd

+ Represent continual problem in relation to maintenance dredging.

* Localized problem {only observed to be high at one or two stations).

DAMES 8§ MOORE



LABORATORY

Parameter

Aluminum
Antimony
Arsenic
BOD
Cadmium
Total Chromium
Copper
Fluoride
Iron

Lead
Mercury
Nickel
TKN -

0il and Grease
Mirex
Toxaphene
DDT
Aldrin
Chlordane
PCB
Phenols
Phosphate
Nitrate
Radium 226
Silver

Total Phosphorus

Total Solids
TOC

Zinc

Grain size

Specific gravity

Atterberg Limits
Sedimentation Rate-

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

EPA
EPA
EPA

TABLE 5-2

PROCEDURES FOR SEDIMENT SAMPLES

Analytical Method*

202-1
204-2
206-2
405.1
213-2
218-3
220-2
340.2
236-1
239-2
245-5
249-2
351.3

413.1
608**
608**
608**
608**
608**
608**
Sou**
365,2
353.3

272-2
365.2

160.2
415.1
289-1

AA-flame
AA-hydride
AA-hydride

5 Day - 20°C
AA-furnace
AA-furnace
AA-flame
Potentiometric
AA-flame
AA-furnace
Cold vapor
AA-furnace
Digestion -
potentiometric
Gravimetric

GC - EC
GC - EC
GC - EC
GC - EC
GC - EC
GC - EC

GC - EC and FID

Ascorbic Acid

Cadmium reduction

AA-furnace

Persulfate digestion -

Ascorbate

Gravimetric - 105°C

AA-flame

ASTM-19-D422

ASTM-19-D854
ASTM-19-D423 and D424

Special Procedures

Note
Note
Note
Note
Note
Note
Note

- e ad (A N NI e

Water extraction

Note
Note
Note
Note
Note

Note
Note
Note
Note
Note
Note
Note
Note
Note
Note

Note

U = [T =t =

- GO0 NNNSNNNOY

11

Note 12

Including

hydrometer

* EPA - Methods of Chemical analysis of Water and Waste
(EPA-600/4-79-020),

**EPA Gas Chromatographic Methods - Federal Register 44, No, 233,

December 3, 1979,

DAMES 8 MOOR
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TABLE 5-2 { Cont'd)
Notes:

1. 1 g of sediment was weighted out into a teflon capped digestion
vial. 5 ml of conc. HNO, was added and the vials were allowed
to sit for two hours. Beakers were then capped and digested on
low heat for 48 hours. Caps were removed and nitric acid was
then taken off (to near dryness) and five additional ml of HNO

. and 1 mi of perchloric acid were added, The vials were heateé
until the white perchloric acid fumes subsided. If necessary,
additional increments of HNO, and perchloric acid were added to
complete digestion. The sediment was then brought up with 1 ml
conc. HNO, and 9 ml of redistilled demineralized water and
analyzed by atomic absorption. '

2, The digest from note 1 was analyzed by the AA-hydride
technique.

3. Wet sediment samples were weighed into BOD bottles and diluted
' to 300 ml.

4, Samples were digested with sulfuric and nitric acid and
potassium permanganate in an autoclave prior to coid vapor
analyses,

5. Wet sample was digested in a Kjeldah! flask, distilled and
ammonia was determined by potentiometric method.

6. Gravimetric - extraction with Fluorocarbon-113.

7. ~Samples were extracted by techniques in "“Interim Methods for
Sampling and Analysis of Priority Pollutants in Sediments and
Fish Samples". US EPA - October 1980. Extracts were cleaned
up by florisil column chromatography prior to GC-EC analyses.

8. Sample was extracted with methylene chloride (pH 2) and
analyzed by GC-FID and GC-EC (chlorinated phenois).

9. Water extractable phosphates.
10. Water extractable nitrates.

11. Sample was digested with persuifate and digest was analyzed by
ascorbic acid technique.

12, Sediment was analyzed by ampule technique - 01 instrument.

DAMNS 8 MOORE
TAD: B = ~



TABLE 5-3

LABORATORY PROCEDURES FOR WATER SAMPLES

Parameter Analytical Method* Special Procedures
Ammonia EPA 350.3 Potentiometric
Antimony EPA 204-2 AA-hydride
Arsenic EPA 206-3 AA-hydride
BOD . EPA 405.1 5 Day - 20°C
Cadmium EPA 213-2 AA-furnace Note 1
Total Chromium EPA 218-3 AA-furnace Note 2
Copper EPA 220-2 AA-furnace
Fluoride EPA 340,2 Potentiometric
lron EPA 236-1 AA-flame Note 1
Lead EPA 239-2 AA-furnace
Mercury EPA 245-1 Cold vapor
Nickel EPA 249-2 AA-furnace Note 1
TKN = EPA 351.4 Digestion -
potentiometric
Mirex EPA 608** GCC - EC Note 3
Toxaphene EPA 608** (GC - EC Note 3
DDT _ EPA 608** GC ~ EC Note 3
Aldrin EPA 608** GC - EC Note 3
Chlordane EPA 608** GC - EC Note 3
PCB EPA 608** GC - EC Note 3
Phenols EPA 604** CC - EC and FID Note 4
Phosphate EPA 365.2 Ascorbic Acid 10 cm light
path
Nitrate EPA 353.3 Cadmium reduction 10 cm light
path
Radium 226 EPA
Silver - EPA 272-2 AA-furnace
Total Phosphorus  EPA 365.2 Persulfate digestion - 10 cm light
. Ascorbate path
TSS EPA 160.2 Gravimetric - 105°C
TOC EPA 415.1 Note 5
Note 1

Zinc EPA 289-1 AA-flame

* EPA - Methods of Chemical analysis of Water and Waste
(EPA-600/4-79-020).

**EPA Gas Chromatographic Methods - Federal Register 44,

December 3, 1979,

No. 233,

DAMES 8 MOOR.
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TABLE 5-3 (Cont'd)
Notes: . :
1. APDC - DDDC cheiation (pH 5.0) - MIBK extraction method was
utilized on 200 m! sample. (Kinrade and Van Loon, Analytical
Chemistry 46 (No. 13): 1894,)

2, Sample (100 ml) was oxidized by EPA 218-3 method, followed by
. APDC - DDDC chelation (pH 2.4) and MIBK extraction.

3. Sample (750 mi) was extracted with methylene chloride. Florisil
cleanup was required for some samples. '

4, Acidified sample (750 ml) was extracted with methylene chloride,

Extract was analyzed by GC - FID. 2-Propanol extracts of
chlorinated phenols were analyzed by EC detector for increased
sensitivity,

5. Samples (5 ml) were analyzed by ampule technique (0l
' instrument, 0l Corp., College Station, Texas). Organic carbon
was oxidized to CO2 by persulfate and CO2 was measured by IR,

DAMES 8 MOORR
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FIGURE 3

DAMES 8 MOORE

MEAN COPPER CONCENTRATION VS
MEDIAN DIAMETER OF SEDIMENT
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JACKSONVILLE , TAMPA, MANATEE AND PENSACOLA
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MEDIAN DIAMETER IN MM

IRON CONCENTRATION VS.
MEDIAN DIAMETER OF SEDIMENT

FALL /WET SEASON

MEAN

® Tamra

KEY :

FIGURE 3-30

@ ManATEE
8 PENsacOLA
A jicxsowviLLe

: DER DEEPWATER PORTS

JACKSONVILLE , TAMPA , MANATEE AND PENSACOLA

LOCATION
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FIGURE 3-34

MEAN MERCURY CONCENTRATION VS.
MEDIAN DIAMETER OF SEDIMENT
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MEDIAN CIAMETER IN MM

KEY ¢

{3) INDICATES NUMBER OF DATA POINTS

@ TAMPA

PDAMES 8 MOORE
FIGURE 3-35

MEAN NICKEL CONCENTRATION VS.
MEDIAN DIAMETER OF SEDIMENT

SPRING / DRY SEASON
JACKSONVILLE, TAMPA, MANATEE AND PENSACOLA

B PENSACOLA
A JACKSONVILLE

# MANATEE
PROJECT : DER DEEPWATER PORTS

LOCATION:
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DAMES 8 MOORS
FIGURE 3-37

DIAMETER

MEAN SILVER CONCENTRATION VS
MEDIAN DIAMETER OF SEDIMENT

SPRING / DRY SEASON

DER DEEPWATER PORTS
JACKSONVILLE, TAMPA, MANATEE AND PENSACOLA
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DATE

APPROVED

|

13

CNECKED

" e un tA

1273900426(1/83 )

9,

lory bosis)

MEAN SILVER CONCENTRATION ppm

KEY ¢ MEDIAN DIAMETER IN MM
@ TAmPA .
® MaNATEE :
W rensacoa MEAN SILVER CONCENTRATION VS.
A sacksonvieLe MEDIAN DIAMETER OF SEDIMENT ]
DENGTES VALUE DETERMINED USING ONE OR FALL / WET SEASON
JEA TR A

PROJECT : DER DEEPWATER PORTS DAMES 8 MOORE
- LOCATION : JACKSONVILLE, TAMPA, MANATEE AND PENSACOLA FIGURE 3-38
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® Tampa

@ MANATEE

MEAN ZINC CONCENTRATION VS,

@ PENSACOLA

MEDIAN DIAMETER OF SEDIMENT

SPRING /DRY SEASON

A sackSONVILLE

. DAMES 8 MOORR
FIGURE 3-39
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JACKSONVILLE , TAMPA , MANATEE AND JACKSONVILLE

PROJECT - DER DEEPWATER PORTS
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MEAN ZINC CONCENTRATION VS.
MEDIAN DIAMETER OF SEDIMENT

FALL / WET SEASON

DAMES 8 MOORE
FIGURE 3-40
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1.1
1.2
1.3
1.4
1.5
1.6

1.7

1.8

1.9

1.1

1.12

METEOROLOGICAL AND GENERAL CONDITIONS
Deep Water Ports Maintenance Dredging Study

Wi

Location (Port/Harbor)

Station identification

4

Job Number: 12739-004

Client/Owner: Department of Environmental Regulation

Date (mo, day, year)

Observation by:

Previous Nights Weather (to include rainfall, wind conditions, cloud
~cover, sharp drops in ambient air termperature)

Meteorological Conditions on Station (to include ambient air

temperature, cloud cover, rainfall, wind conditions)

Water Conditions (to include general observation of wave climate,

algal blooms, turbidity plumes, foaming, surface oils, etc.)

Ceneral Conditions (to include vessel traffic, outfalls, dredging,

wildlife, etc.)

Ceneral Comments

Recorded by: S

FALL /WET SEASON GENERAL ’
OBSERVATION CHECKLIST

DAMES 8 MOORE )
FIGURE 5-2




Job. Number:

Owner/Client:

Port:

STATION:

WATER COLUMN

: QUANTITY QUANTITY
STATION TYPE STATION 1.D. VESSEL TYPE NEEDED COLLECTED
F 1/2-1iter POLY 3
F(Hg) BOD GLASS 3
J 1/2- Liter POLY 3
0 (phenol) 1-1iter GLASS 3
0 (pesticiges) 1-liter GLASS 3
T* 150 m1. POLY 3
W 1/2-liter.POLY 3
W(Hg) BOD GLASS 3
X 1-Gal. POLY 12

* Taken at all stations in Port of Tampa and Port Manatee and at JAX 4B-WT(0).

TIME COMPLETED: (time, date)

SIGNATURE/ DATE:

FALL/WET SEASON INVENTORY
CHECKLIST FOR WATER SAMPLES

DAMES 8 MOOR®
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