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When onsite treatment and disposal systems (OSTDS) are not properly sited, they can be 

a potential risk to public health and a source of environmental degradation. In Florida, 

OSTDS location has proven to be problematic from a water resources perspective. The 

objective of this study is to quantify the pollutant loading contributions from OSTDS on 

coastal canals, with regard to nutrients and pathogens indicators (Total Coliform, E. coli, 

Enterococcus). Two similar single-family residential locations were identified: Dania 

Beach, FL (with 100 % OSTDS) and Hollywood, FL (with 100 % sewer). Field studies 

were conducted during the height of the wet and dry seasons. During the wet season, 

surface water quality of the canal was affected by an OSTDS contribution with higher 

levels of nutrients and pathogens indicators. During the dry season, no OSTDS impact 

was detected. OSTDS appear to work properly during the dry season. 
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Chapter 1. INTRODUCTION AND LITERATURE REVIEW 

1.1 Problem Statement 

Household wastewater contains numerous pathogenic 
. . 

m1croorgamsms and 

nutrients, which can stimulate the growth of aquatic plants. It also may contain potentially 

toxic, mutagenic or carcinogenic compounds. For these reasons, a proper disposal of this 

sewage is necessary to protect the public health and the environment. 

Onsite system treats and discharges sewage within the site where the sewage 

originates. Its goal is to provide adequate treatment to wastewater to prevent 

contamination of the surrounding environment (surface water, groundwater, soil). 

The most common type of onsite system is the septic system (0. Kaplan, 1991). 

Septic tanks are buried, watertight receptacles designed and constructed to receive 

wastewater, to separate and store solids, to provide limited digestion of organic matter, 

and to allow the clarified liquid to discharge for further treatment and disposal (EPA, 
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1999). Therefore, after a minimum detention time in the tank, partially clarified effluent 

is discharged to a soil absorption field through a series of perforated underground pipes. 

There are estimated to be over 1.6 million households served by onsite sewage 

treatment and disposal systems (OSTDS) currently in Florida, serving approximately 4.5 

million people (FDEP 2001). These systems discharge over 426 million gallons of treated 

effluent per day into the subsurface soil environment. Nearly 40% of those systems are 

found along Florida's southeastern Atlantic coastline, and according to the Florida 

Department of Health (FDoH), the number of septic tanks installed by registered 

contractors has doubled over the last 30 years. 

Throughout the State of Florida, where the water table is high, septic tanks have 

proven to be problematic for a groundwater protection/water resource perspective 

(Bloetscher et al. 1999). Impacts are traced to a Jack of regulation prior 1980 and to high 

densities of septic tanks on small lots. Moreover, many of these high-density 

developments were historically inhabited only in the winter months when the water table 

is low and performance optimal. Now, these entities are inhabited by full-time residents. 

During the summer months when the water table is raised, septic tanks cannot 

operate properly because the water table is above the drainage pipes, interfering with the 

normal hydraulic specifications and complicating pollutant migration modeling. Thus, the 

potential for groundwater and surface water contamination is increased. 
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There is clearly a need to quantify the contribution of environmental degradation 

attributable to 0 STDS. The population in South Florida is constantly increasing along 

with the production of wastewater. The need to maintain acceptable water quality levels 

is a priority that cannot be ignored, and as such, the possibility of having effluent from 

OSTDS reaching and polluting coastal canal water and groundwater is a risk that cannot 

be taken. 

Therefore, the objective of this project is to quantify the potential pollutant 

loading contributions from OSTDS on coastal canals, specifically with regard to nutrients 

and pathogens indicators. The difference between wet-weather versus dry-weather 

contributions will also be assessed, as the literature indicates that rainfall affects the 

quantity and movement of nutrients and pathogens. It is expected that OSTDS are directly 

affecting coastal canals in terms of water quality. 
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1.2 Literature Review: On-Site Treatment and Disposal Systems 

1.2.1 Historical review 

In 1881, in Vesoul, France, Jean-Louis Mouras had observed that part ofthe feces 

went from the solid state to the liquid state when the wastewater from toilets and sinks 

was allowed to remain in a watertight container. He discovered that anaerobic bacteria 

could liquefy feces when placed in a septic environment. Jean-Louis Mouras applied for a 

patent for an "automatic and odorless cesspit". The principle oft he septic system was 

born. The term of septic tank was introduced by a British inventor, Donald Cameron later 

on in 1897. Septic tanks at this stage were large and were used to treat sewage from 

communities. The main purpose of these tanks was to remove solids before discharge into 

the nearest stream or river. 

Nowadays, many reasons exist for the use of onsite wastewater treatment, 

particularly in rural areas, where public sewers are not available and large regional 

sewage treatment plants are not practical. 
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1.2.2 Principle of OSTDS 

1.2.2.1 Components 

A conventional onsite treatment and disposal system consists of three maJor 

components: a septic tank, a distribution box and a subsurface soil absorption field. 

This system relies on gravity to : 

1. carry household waste to the septic tank, 

2. move effluent from the septic tank to the distribution box, 

3. distribute effluent from the distribution box throughout the subsurface soil 

absorption field, 

4. percolate the discharge effluent through the soil to achieve treatment. 

1.2.2.2 The septic tank 

Wastewater from toilets, sinks, showers, washing machines, and other drains 

flows into the underground septic tank. This tank has a liquid capacity of about 2000 to 

5670 liters (500 to 1500 gallons), depending on the daily sewage generation (0. Kaplan, 

1991 ). The septic tank is a buried, watertight receptacle and may be made out of concrete, 

galvanized and coated steel, fiberglass or polyethylene. 
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Heavy solids and partially decomposed sludge settle to the bottom of the tank and 

accumulate, forming a sludge layer. A scum of lightweight material including fats and 

greases and some fecal constituents float to the top, forming a scum layer. The relatively 

clear layer of wastewater that forms in the middle of the septic tank, between the sludge 

and scum layers, is called clarified sewage. When displaced by a fresh load of incoming 

sewage, a buried pipe carries the clarified sewage from the septic tank outlet to the soil 

absorption system where most of the treatment process occurs. Relative positions of 

scum, sludge and clarified sewage are shown in Figure 1-1 . 

Septic tank 
{two c:ompattmll!lt) 

rod• ~1181 

A'•,;..-;-.:'-//::;:. ~~~~~'~"77.'-.:%/.,_'>.}~~~·77~'?""' C'<77~ 
.~.::::«~-~~·.:~:--:~·~//~7/;"?/.~~~:?>:s0~~:~~~~~~~~~»~~~?%~;;~.»:~.»::; 

<:tOSS 
section 

ac:c:ess co1111r acch s oo1111r 
(manhokl) (manhole) 

efff~o~ent 

"'· ; / 
{to ti~ be<!l 

Figure 1-1. Cross Section of a Septic Tank (http://www.usinspect.com) 

Solids will build up in the tank and must be removed periodically by a qualified 

professional contractor. It is recommended that septage (combination of sludge, effluent 

and scum) be removed from the tank at least once every five years. Septage should be 

removed when the total depth of sludge exceeds one-third of the liquid depth in the tank. 
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The consequence of allowing the sludge layer to accumulate beyond the recommended 

depth is the carry over of solids from the septic tank into the subsurface soil absorption 

field with a subsequent reduction in process efficiency and the life of the system. 

1.2.2.3 Treatment in the septic tank 

The septic tank is a living treatment zone and can be tremendously effective. It is 

designed to accomplish two tasks: clarification and treatment. 

Clarification corresponds to the sedimentation of suspended particles that are 

denser than water. Clarification also includes the separation of less dense particles, such 

as fats, oils, greases and soapsuds, which float to the surface. Removal efficiency is a 

function of the detention time. 

Biological treatment in a septic tank occurs by anaerobic digestion. Anaerobic 

microorganisms are generally non-pathogenic and are present in large numbers in the 

human intestine. A new supply of these bacteria is regularly added to the septic tank with 

each flush of human fecal material. Anaerobic digestion in the septic tank provides some 

pretreatment of waste before application to the soil. This pretreatment partially 

decomposes the organic matter into low molecular weight compounds that can be treated 

by aerobic soil microorganisms. Within the tank, anaerobic digestion results in a 
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reduction in, BOD, suspended solids, conversion of the organic N to NH/ -N and sludge 

volume. 

However, anaerobic digestion represents an incomplete digestion: methane, 

hydrogen sulfide, and sulfur dioxide gases are produced, as well as sludge containing 

high molecular weight organics. Typical reductions of the contaminant load achieved by 

anaerobic digestion are shown in Table 1-1 . 

Table 1-1. Septic Tank Performances (Trotta P., 2002-

http://www.cet.nau.edu/Projects/WDP/) 

Water Quality Parameter 0/o Removal in a Septic Tank 

BOD 15% to 50% 

TSS 25% to 45% 

Settleable Solids >90% 

Enteric Bacteria 10% to 40% 

Enteroviruses No Significant Reduction 

Protozoa No Significant Reductions 

1.2.2.4 The distribution box 

The distribution box is designed to distribute effluent from the septic tank equally 

among multiple effluent ports. Its purpose is to direct flow evenly to individual trenches 

or disposal devices. All effluent ports are at the same height and diameter and are located 

at a lower elevation than the influent port. Each of these ports distributes effluent to an 

individual subsurface soil absorption trench. In order for this to occur, all inverts or 
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bottoms of the holes leaving the box must be level. If one port is 3 mm (1 /8") lower than 

the rest, it will receive 80% or more of the total wastewater landing. 

After installation, the distribution box often settles and results in uneven flow of 

effluent to the trenches. In many instances, failing onsite systems can be attributed to the 

uneven flow of effluent to the subsurface absorption trenches. In these cases, effluent may 

pond on the surface as a result of overloading of one or two trenches while the other 

trenches may be receiving little or no effluent. 

1.2.2.5 The Subsurface Soil Absorption Field 

The soil absorption system also known as the drainfield, leach field, or disposal 

field receives the septic tank effluent from the distribution box. Its purpose is to percolate 

through the surrounding soil where partially treated wastewater is further treated by 

filtration, adsorption, and other processes before eventually reaching groundwater or 

surface water. 

A typical soil absorption system consists of an excavation, gravel, distribution 

pipe, geotextile fabric, and topsoil. Excavations are classified according to their width 

and number of distribution pipes. Narrower excavations (0.3 m to 1.5 m wide) that 
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contain one distribution pipe are called trenches. Excavations wider than 1.5 m wide that 

contain multiple distribution pipes are called beds or "seepage beds". 

Trenches are placed on contour, can have a maximum length of 30m (1 00 ft), can 

vary in width from 0.45 (1.5 ft) to 0.76 m (2 .5 ft), and are separated by a center to center 

distance of at least three times the width of the trench (for slopes up to 1 0%). The trench 

bottom and sidewalls provide the soil surface area to support biological growth, which is 

the major treatment process of the system. The gravel supports the trench sidewalls, 

preventing them from collapsing onto the distribution pipe. The geotextile fabric protects 

the trench from fine particles entering the gravel, which can seal the pores, and the topsoil 

protects the trench surface and geotextile fabric. 

A typical trench is constructed by placing a 30-centimeter-thick (1 ft) layer of 

washed gravel or stone in the bottom and placing the distribution pipe on top of the 

gravel. Then a layer of straw, untreated building paper or a synthetic geotextile fabric is 

placed on top of the gravel aggregate. The soil material dug out of the trenches is then 

used to finish filling the trenches and cover the system. A typical drainfield consists of 

two to five trenches that are 1 meter (3ft) wide by 0.6 to 3 meters deep (3 to 10ft), which 

are on 3-meter centers (10ft). Trenches are only effective if the sidewalls do not interfere 

with each other in transferring oxygen. 

Beds are more prone to failure than trenches. One reason is from reduced oxygen 

transfer. The sidewalls are sometimes too far apart to provide sufficient oxygen for the 
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entire excavation. Another reason IS the reduced sidewall surface area available for 

biological growth. 

Uneven distribution of effluent along the trenches, in conventional onsite 

systems, results in high loading rates to a small portion of the trench. These high loading 

rates result in saturated flow and can increase the distance biological and chemical agents 

are transported. Therefore, the potential for ground and surface water contamination is 

also increased. Saturated soil conditions encourage flow through macro pores and result 

in "short-circuiting" of the soil purification process. This is of particular concern in soils 

overlying creviced bedrock or high water tables. 

The saturated soil also produces anaerobic conditions that accelerate the formation 

of a biological clogging mat that decreases effluent infiltration into the soil. The clogging 

mat that develops due to poor effluent distribution normally begins where effluent enters 

the trench and progresses along the trench with time. This phenomenon is normally 

referred to as "creeping failure" . 

1.2.2.6 Treatment in the Subsurface Soil Absorption Field 

Soils consist of solid particles such as grains of sand and clay, as well as pores and 

openings between the solid particles. These pores can be filled with air or water. As stated 

earlier, most of the effective wastewater treatment in a septic system occurs in the soil 
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beneath the drainfield. As effluent enters and flows through the small pores in the soil, 

many of the bacteria that can cause disease are filtered out. 

Aerobic treatment takes place in a properly constructed and maintained drainfield. 

A biological mat develops on the sides and bottoms of the trenches and adds to a 

biological filtration of the effluent passing through it into the soil environment. This mat 

is a mixture of solids from the effluent, biomass from microorganisms, and excretions 

from the microorganisms. Although the biomat is usually 5 mm (3/16") to 30-95 mm (1-

3/8") thick, the thickness increases and decreases with changes in wastewater quality and 

quantity and with the growth and decay of microbes. 

Biomats are highly effective in removing organic material and pathogens from the 

septic tank effluent. Biomats also have low permeability of about 0.15 m/day (0.5 ft/day), 

which essentially controls the wastewater infiltration. 

If biomats are improperly managed, the growth can become so thick that the pores in the 

soil structure surrounding the disposal trench can become clogged. With the right balance 

of molecular oxygen, the biological mat can be maintained as a benefit to the water 

treatment, and the wastes can be degraded completely to carbon dioxide and water 

allowing for complete mineralization. The following reductions of influent contaminant 

levels are shown on Table 1-2. 
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Table 1-2. Drainfield Treatment Reductions (Trotta P., 2002-

http://www.cet.nau.edu/Projects/WDP/) 

Water Quality Parameter 0/o Removal in the drainfield 

BOD (Biochemical Oxygen Demand) 75% to 90% 

COD (Chemical Oxygen Demand) 75% to 90% 

TSS (Total Suspended Solids) 75% to 90% 

Ammonia (Changed to Nitrate - N) 80% to 90% 

The soil can also retain certain chemicals, such as phosphorus and some forms of 

nitrogen. The nitrate form of nitrogen, known for its mobility, can move down through 

the soil. Therefore, effluents from septic tank reaching groundwater or surface water 

should be relatively free of sewage contaminants and nutrients, except for nitrate. 

1.2.3 Regulation and Codes 

1.2.3.1 OSTDS 

Onsite wastewater systems are regulated by a variety of agencies in the United 

States. At the State level, rules may be enacted as public health codes, nuisances codes, 

environmental protection codes, or building codes. In most states, the regulatory authority 

foro nsite single-family residential or small cluster systems is delegated to counties or 

other local jurisdictions. The State might enact a uniform code requirement that all local 

13 



jurisdictions must enforce equally, or the state might have a minimum code that I ocal 

jurisdictions may adopt directly or revise to be stricter (USEPA 2003). 

Public health departments were charged with enforcing first onsite wastewater 

"disposal" laws, which were mostly based on soil percolation tests, local practices, and 

past experience. Early codes did not consider the complex interrelationships among soil 

conditions, wastewater characteristics, biological mechanisms, and climate and prescribed 

standard designs sometimes copied from jurisdictions in different geoclimatic regions. In 

addition, these 1 aws often depended on minimally trained personnel to oversee design, 

permitting, and installation and mostly untrained, uninformed homeowners to operate and 

maintain the system (USEPA 2003). 

During the 1950s, states began to adopt laws upgrading onsite system design and 

installation practices to ensure proper functioning and eliminate the threats posed by 

waterborne pathogens (Kreissl, 1982). Despite these improvements, many regulations 

have not considered cumulative ground water and surface water impacts, especially in 

areas with high system densities and significant wastewater discharges. 

Although state lawmakers have continued to revise onsite system codes, most 

revisions have failed to address the fundamental issue of system performance in the 

contest of risk management for both the site and the region in which it is located. Codes 
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that emphasize standards based on empirical relationships and hydraulic performance do 

not necessarily protect groundwater and surface water from public health threats. 

The Florida Department of Health (FDoH) is the primary authority for specific, 

statewide regulations controlling the installation and use of onsite sewage treatment and 

disposal systems in Florida. The Chapter 64E-6 of the Florida Administrative Code 

Standards for onsite sewage treatment and disposal systems defines all the regulation. The 

FDoH requires a permit for the installation, repair and abandonment of all on-site sewage 

systems. Prior to the issuance of the permit, FDoH may inspect the site and perform any 

necessary tests to determine whether the system has any potential to cause harm. Local 

governments often require separate permits (like plumbing permits) and impose separate 

requirements for the installation, repair and abandonment of disposal systems. In many 

cases, the issuance of these permits will be contingent upon the applicant having already 

obtained a FDoH permit. The owner of the property is responsible for maintenance and 

upkeep of the system. Under FDoH rules, the level of the tank must be checked at least 

once every 3 to 5 years. The use of organic chemical solvents to degrease or unclog the 

system is prohibited. Also pumping out the system requires a permit from the FDoH, who 

will require proof that the proper pump, truck and expertise will be used. 

Key Stipulations: 

• Drinking water wells should be located at least 75 feet from any part of a septic 

tank system. 
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• With certain exception, septic tanks and drainfield must be located at least 75 feet 

away from the high water line of ponds, rivers and lakes. 

• The drainfield should be located so that it will not be saturated by surface water 

drainage or runoff from roof gutters. 

• The water table elevation at the wettest season of the year is at least 24 inches 

below the bottom surface of the drainfield. Where the existing elevation of the 

bottom surface of the drainfield is less than 24 inches above the wet season high 

water table, the bottom of the drainfield shall be maintained at the existing 

separation or a minimum of 12 inches above the wet season high water table, 

whichever is greater. 

These stipulations imply that a septic tank system should be located at least 23 m 

(75 feet) from drinking water wells, surface waters. Also concerning the groundwater 

table, its wettest elevation of the year should be at least 0.6 m (2ft) below the bottom 

surface of the drainfield. 

1.2.3.2 Water Quality Standard for Recreation Waters 

Because of the complexity to directly monitor for human pathogens on a routine 

basis, regulatory agencies relied on the use of certain enteric bacteria as indicators of fecal 

pollution and associated enteric pathogens. 
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The Environmental Protection Agency defined in the "Ambient Water Quality 

Criteria for Bacteria" (USEP A, 1986) criteria for indicators for bacteriological densities 

for Enterococci and E. coli. There are presented in Table 1-3. 

Table 1-3. Criteria for indicators for bacteriological densities (USEP A, 1986) 

Single sample maximum allowable density (MPN/100mL) 

Steady state 
Moderate full 

Lightly used Infrequently 
geometric mean Designated 

body contact 
full body used full body 

indicator density beach area contact contact 
(MPN/100ml) (upper 75% 

recreation 
recreation recreation 

(upper 82% 
C.L.) C.L.) 

(upper 90% (upper 90% 
C.L.) C.L.) 

Freshwater 

Enterococci 33 61 78 107 151 

E. coli 126 235 298 409 575 

Marine Water 

Enterococci I 35 104 158 276 501 

Commons indicators used in the US are the total and fecal coliform bacteria, a 

gram-negative group which includes the normal enteric flora of humans and other 

animals. Because of the association of coliform bacteria with feces, they have been used 

as indicators of human fecal pollution. The total coliform bacteria group includes 

Klebsiella, Citrobacter, and Enterobacter. The fecal coliform bacteria group includes E. 

coli and thermotolerant Klebsiella. Fecal coliform bacteria are used as indicator organism 

in many states, including Florida. Florida surface water regulations for fecal coliform 

bacteria are listed in Table 1-4. 
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Table 1-4. Fecal Coliform, Florida Surface Water Quality Standard (Chap. 62-302) 

Florida Class II : Florida Class III: 

Shellfish Propagation or Harvesting Recreational 

Median MPN should not exceed 14/100 mL 
Monthly geometric mean should not exceed 200 

CFU/100mL1 

Less than 10% of samples should exceed a Less than 10% of samples should exceed a 
median MPN of 43/100mL median MPN of 400/100mL1 

No individual sample may exceed 800 No individual sample may exceed 800 
MNPN/100mL MNPN/100mL 

1Based on at least 10 samples collected within 30 days 

1.2.4 Wastewater Characteristics 

Most communities generate wastewater from both residential and nonresidential 

sources. In this document, only residential water characteristics will be presented. All 

types of wastewater generated from a house are defined as domestic sewage. In the U.S., 

sewage varies regionally and from home to home based on such factors as the number 

and type of water-using appliances, the number of occupants and their habits. However, 

when compared to the variety of wastewater flows generated by different nonresidential 

sources, household water shares many similar characteristics overall. 

There are two types of domestic sewage: blackwater, which is wastewater that 

originates from toilets and includes feces, urine and associated flush water; and 

graywater, which is wastewater stream that originates from sinks, tubs, showers, laundry; 

i.e., from all sources except toilets. Blackwater and graywater have different 

characteristics, but both contain pollutants and disease-causing agents that require 

treatment. 
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1.2.4.1 Wastewater Constituents 

Wastewater is characterized in terms of its physical, chemical, and biological 

composition. Wastewater is mostly water by weight (99.9%). Other materials are only a 

small portion of wastewater, but can be present in large enough quantities to endanger 

public health and the environment. The wastewater components, that most wastewater 

facilities are designed to remove, are suspended solids (TSS), biodegradable organics 

(BOD), and pathogenic organisms, inorganic constituents including nutrients, nonmetallic 

constituents, metals and gases. 

Inorganic minerals, metals, and compounds, such as sodium, potassium, calcium, 

magnesium, cadmium, copper, lead, nickel, and zinc are common in wastewater. They 

can originate from a variety of sources. Most inorganic substances are relatively stable 

and cannot be broken down easily by organisms in wastewater. Large amounts of many 

inorganic substances can contaminate soil and water. Some are toxic and may accumulate 

in the environment. 

1.2.4.2 Nutrients 

Wastewater often contains large amounts of nitrogen and phosphorus in the form 

of nitrate and phosphate, respectively. Organisms only require small amounts of nutrients 
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in biological treatment, so there is normally an excess of available nutrients in treated 

wastewater. 

In severe cases, excess nitrogen and phosphorous can result in eutrophication, the 

nutrient enrichment of water bodies causing excessive growth of aquatic plants (algae, 

cyanobacteria, rooted aquatic vegetation, duckweed). The dissolved oxygen in the water 

body becomes depleted when the aquatic plants die, fall to the bottom, and are 

decomposed by aerobic bacteria. The oxygen depletion can reduce the populations of 

indigenous fish and other oxygen-consuming organisms. 

Nutrients from wastewater have also been linked to ocean "red tides" that poison 

fish and cause illness in humans. Nitrogen in drinking water may contribute to 

miscarriages and is the cause of a serious illness in infants called methemoglobinemia or 

"blue baby syndrome" (Burks and Minnis, 1994). 

Nitrogen 

Nitrogen forms that are important in wastewater include organic nitrogen, nitrate 

(N03-) , nitrite (N02), ammonia (NH/ ), and nitrogen gas (N2). All ofthese forms are 

biochemically interconvertible. The oxidation states of nitrogen are summarized on Table 

1-5 (Sawyer et al., 1994). 
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Table 1-5. Oxidation State ofNitrogen 

-ill 0 I II ill IV v 
NO 

Organic nitrogen ts nitrogen bound to carbon. It is the principle nitrogen 

constituent m feces. Organic nitrogen also includes urea (H2NCONH2) which is the 

principal compound in urine. Organic nitrogen is available to plants only after microbially 

mediated conversion to nitrate. 

Nitrate (N03 -) is the most oxidized species of nitrogen and is considered the 

limiting nutrient for primary productivity in salt waters, an important consideration in the 

design of onsite systems along coastal areas. Because nitrate, in solution, is a negative 

ion, it will not bind to soils, which are also negatively charged. Therefore, nitrate passes 

through soil to the ground water, which is why regulatory agencies may be requiring some 

onsite systems to provide nitrogen reduction in the effluent. Nitrate is also the species of 

nitrogen for which a limit has been set for drinking water (10 mg/L) due to human health 

concerns. 

Nitrite (N02-) is usually not observed in water sources because it is readily 

converted to nitrate by bacterial processes; however, it is extremely toxic to most fish and 

other aquatic species. Ammonia exists in water as either the ammonium ion (NH4 +) or 

ammonia gas (NH3), depending on the pH of the water. At pH levels above 9.3, ammonia 

gas is the predominate form, and at pH levels below 9.3, the ammonium ion is the 
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predominant form. Ammonia is usually present in surface water and is due to the 

chemical oxidation of urea and anaerobic processes. Ammonia, a positive ion, binds to 

soil, which is negatively charged; therefore, ammonia is not readily leached from the soil. 

Plants can readily use the ammonia form of nitrogen. 

Forms of nitrogen present in septic tank effluent include ammonia, ammonium, 

organic nitrogen, nitrate, and nitrite. In Table 1-6, forms of Nitrogen found in the 

water/soil environment are presented. The types of nitrogen compounds and the total 

nitrogen concentration in effluent are functions of the treatment in the septic tank. 

Anaerobic conditions prevail in conventional septic tanks, and the resulting effluent 

contains dominantly soluble ammonium and significant amounts of nitrogen that is still in 

the organic form. Effluent from aerobic tanks, however, contains nitrogen primarily in the 

form of nitrate. 

Only a small part, about 10%, of the total nitrogen in raw wastewater is removed 

via sludge that accumulates in the bottom of the septic tank. Several other mechanisms 

exist in the soil for transformation, retention, and movement of nitrogen. The mechanisms 

include denitrification, adsorption, plant uptake, and volatilization. Some of the nitrogen 

in effluent may be removed by one or more of these mechanisms before the effluent reach 

groundwater. However, half or more of the nitrogen is likely to travel with effluent to 

groundwater. 
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Nitrification is the conversiOn of ammonium-nitrogen into the nitrate form. It 

occurs in the first 30 em (1 ft) of soil below a drainfield, provided the water table is not 

present and unsaturated conditions exist in that zone. Nitrate is very soluble and does not 

interact with soil components under aerobic conditions, traveling through the soil 

practically unimpeded. Unless conditions for denitrification, conversion to nitrogen gas in 

an anaerobic environment, exist, nitrate will not undergo further transformation in ground 

water. Dilution is therefore the best hope of reducing concentrations of nitrate from septic 

systems in ground water. 

Table 1-6. Nitrogen form in the water/soil environment 

Nitrogen Compound Formula Oxidation State 

Ammonia NH3 -3 

Ammonium ion NH4+ -3 

Nitrogen gas Nz 0 

Nitrite ion NOz- +3 

Nitrate ion No3- +5 

Phosphorus 

The usual forms of phosphorus found in wastewater are orthophosphate, 

polyphosphate, and organic phosphate. The orthophosphates, Pol-, HPO/-, HzP04-, 

H3P04, are available for biological metabolism without further breakdown. The 

polyphosphates include those molecules with two or more phosphorus, oxygen or 

hydrogen atoms combined m a complex molecule. Most of the organically-bound 

phosphate in wastewater is from excreta and food residue. Phosphorus is usually the 

limiting nutrient in freshwater surface waters and is the principal cause of eutrophication 
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in surface water bodies. However, in Florida soils, phosphate rapidly combines with other 

naturally-occurring chemicals, such as limestone, to form calcium phosphate. If a 

subsurface effluent distribution system is close to a sensitive water body, limestone added 

to the soil absorption system can stop the phosphate from migrating to the water body 

(Burks and Minnis, 1994). 

Phosphorus in septic tank effluent originates from two main sources: detergents 

containing phosphates, and human excreta. Anaerobic digestion in conventional septic 

tanks converts most of the phosphorus into soluble orthophosphates. In contrast to the 

highly mobile nitrate nitrogen, most phosphate reacts vigorously with soils. Phosphate 

ions are removed from the soil solution by several mechanisms, including adsorption, 

precipitation, plant uptake, and biological immobilization. Phosphorus transport through 

the soil is more likely to occur, however, in coarse-textured, noncalcareous soils that are 

low in organic matter with shallow depth to the water table or to bedrock. Where these 

conditions exist or where septic systems are close to surface waters such as drainage 

ditches or 1 akes, phosphorus transport to ground and surface waters is likely, although 

continued removal of phosphorus from ground water by adsorption and precipitation in 

water-transmitting geologic strata may occur. 

1.2.4.3 Physical Characteristics 
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Solids 

Solid materials m wastewater can consist of organic and/or inorganic materials and 

organisms. The solids must be significantly reduced by treatment or they can increase 

BOD levels when discharged to receiving waters and provide surfaces for 

microorganisms to mutliply. They also can clog soil absorption fields in onsite systems. 

The amount of solids in the wastewater affects the septic tank size and the frequency for 

pumping out the septic tank. 

Total solids 

The term applied to the residue left after evaporation at I 05°C; it includes the total 

suspended solids and total dissolved solids. 

Suspended solids 

The portion of wastewater that, when passed through a 0.45-J..lm filter, remains on the 

filter. Materials that resist settling may remain suspended in wastewater. Suspended 

solids in wastewater must be treated, or they will clog soil absorption systems or reduce 

the effectiveness of disinfection systems. 

Dissolved solids 

The portion of wastewater that, when passed through a filter, is not retained. Small 

particles of certain wastewater materials can dissolve like salt in water. Some dissolved 

materials are consumed by microorganisms in wastewater, but others, such as heavy 
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metals, are difficult to remove by conventional treatment. Excessive amounts of dissolved 

solids in wastewater can have adverse effects on the environment. 

Settleable solids 

Certain substances, such as sand, grit, and heavier organic and inorganic materials, settle 

out from the rest of the wastewater stream during the preliminary stages of treatment. On 

the bottom of settling tanks and ponds, organic material makes up a biologically active 

layer of sludge that aids in treatment. Knowing the amount of settleable solids in the 

wastewater provides information on how much sludge will be generated and stored in the 

septic tank. 

Fixed solids 

The term applied for the residue (total, suspended, or dissolved) that is left after igniting 

a dried sample at 550 oc. The weight loss on ignition is called volatile solids. In Table 

1-7, the composition of typical residential wastewater is presented. 
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Table 1-7. Composition ofTypical Residential Untreated Wastewater. (Burks, B.D. and 

Minnis M.M.,l994) 

Constituent Unit Range Typical 

Total Solids mg/L 300-1200 700 
Dissolved Solids mq/L 250-850 500 

Fixed mg/L 150-550 150 
Volatile mg/L 100-300 150 

Suspended Solids mg/L 100-400 220 
Fixed mg/L 30-100 70 
Volatile mg/L 70-300 150 

Settleable Solids mg/L 50-200 100 

BODs mq/L 100-400 250 
TOC mg/L 100-400 250 
COD mg/L 200-1 000 500 

Total Nitrogen mg/L 15-90 40 
Organic mg/L 14732 25 
Ammonia mg/L 18537 25 
Nitrite mq/L 0 0 
Nitrate mg/L 0 0 

Total Phosphorous mg/L 5-20 12 
Organic mg/L 1-5 2 
Inorganic mg/L 5-15 10 

Chloride mg/L 30-85 50 
Sulfate mg/L 20-60 15 
Alkalinity mg/L 50-200 100 
Grease mg/L 50-150 100 
Total Coliform CFU/ 100 ml 106-108 107 
VOCs 1-Jg/L 100-400 250 

1.2.4.4 Other Important Wastewater Characteristics 

The following are some other important wastewater characteristics that can affect 

public health and the environment. 
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Temperature 

The temperature of wastewater is usually higher than that of the local water supply 

because of the addition of warm water from domestic use. Wastewater temperature is a 

very important parameter because of its effect on chemical reactions and reaction rates, 

biological processes and also aquatic life is temperature sensitive. 

Optimum temperatures for bacterial activity are in the range from 25 to 35°C. In general, 

biological treatment activity accelerates in warm temperatures and slows in cool 

temperatures but extreme hot or cold can stop treatment processes altogether. For 

example, aerobic digestion and nitrification stop when temperatures rise to 50°C; and 

when temperatures fall below 2°C, virtually all biological activity becomes dormant. 

pH 

The hydrogen-ion concentration is an important quality parameter of both natural waters 

and wastewaters. The concentration range suitable for the existence of most biological 

life is quite narrow and critical with a typical value between 6 and 9. For treated effluent 

discharge to the environment, the allowable pH range varies from 6.5 to 8.5 . 

Alkalinity 

Alkalinity in wastewater results from the presence of the hydroxides [OH-], carbonates 

[COt], and bicarbonates [HC03-] of cations such as calcium, magnesium, sodium, 

potassium and ammonium. The alkalinity in wastewater helps to resist changes in pH 

caused by the addition of acid. 
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Gases 

Certain gases m wastewater can cause odors, affect treatment, or are potentially 

dangerous. Methane gas is a byproduct of anaerobic biological treatment (found in septic 

tanks) and is highly combustible. Special precautions need to be taken near septic tanks, 

manholes, treatment plants, and other areas where wastewater gases can collect. 

Hydrogen sulfide and ammonia gases can be toxic and pose asphyxiation hazards. 

Ammonia as a dissolved gas in wastewater also is dangerous to fish. Both gases emit 

odors, which can be a serious nuisance. Unless effectively contained or minimized by 

design and location, wastewater odors can affect the mental well-being and quality of life 

of residents. In s orne cases, odors can even 1 ower property values and affect the local 

economy. 

Oil and grease 

Oil and grease is the term given to the combination of fats, oils, waxes, and other related 

constituents found in wastewater. Fatty organic materials from animals, vegetables, and 

petroleum are not quickly broken down by bacteria and can cause pollution in receiving 

environments. If the wastewater is warm and greasy, the grease cannot quickly separate 

from the water, so the grease flows through the septic tank and into the soil where it 

solidifies upon cooling. Grease can clog the gravel and soil pores ruining the drainage 

system. Excessive grease also adds to the septic tank scum layer, requiring more frequent 

tank pumping. Both possibilities can result in significant costs to homeowners. 

Biochemical Oxygen Demand (BOD) 
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The most used parameter of organic pollution applied to water is the 5-day BOD (BOD5) . 

This determination involves the measurement of the dissolved oxygen used by 

microorganisms in the biochemical oxidation of organic matter. 

1.2.4.5 Biological Characteristics 

Pathogens 

Many disease-causing viruses, parasites, and bacteria are present in wastewater. 

These pathogens often originate from people and animals, who are infected with, or are 

carriers of, a disease. Wastewater from typical homes contains enough pathogens to pose 

a risk to public health. Typical values of microorganisms are presented in Table 1-8. 

Table 1-8. Microorganism concentrations found in untreated wastewater and the 

corresgonding infectious dose (Metcalf & Eddy 2003) 
' 

Concentration in raw 
Infectious dose, Organism wastewater 

(MPN/100ml) 
number of organisms 

Bacteria: 

Bactericides 107-1010 . 

Total Coliform 107-109 

Fecal Coliform 106-108 106-1010 

Clostridium perfringens 103 -10 5 1-1010 

Enterococci 104 -10 5 

Fecal sterptococci 104 -10 7 

Pseudomonas 103-106 

aeruginosa 
Shigella 1-103 10-20 

Salomonella 102-104 101- 108 

Some illnesses from wastewater-related sources are relatively common. 

Gastroenteritis can result from a variety of pathogens in wastewater, and cases of illnesses 
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caused by the parasitic protozoa Giardia lambia and Cryptosporidium are not unusual in 

the U.S. Other important wastewater-related diseases include hepatitis A, typhoid, polio, 

cholera, and dysentery. Outbreaks of these diseases can occur as a result of drinking water 

from wells polluted by wastewater, eating contaminated fish or shellfish, or recreational 

activities in polluted waters. Some illnesses can be spread by animals and insects that are 

exposed to wastewater. Even municipal drinking water sources are not immune to health 

risks from wastewater pathogens. Drinking water treatment efforts can become over

whelmed when water resources are heavily polluted by wastewater. For this reason, 

wastewater treatment is as important to public health as drinking water treatment. 

Total Coliforms and Fecal Coliforms 

Coliform tests are useful for determining whether wastewater has been adequately 

treated and whether water quality is suitable for potable or recreation uses. 

Because they are very abundant in human wastes, coliform bacteria are much easier to 

locate and identify in wastewater than viruses and other pathogens that cause severe 

diseases. For this reason, coliform bacteria are used as indicator organisms for the 

presence of other, more serious pathogens. Some coliforms are found in soil, so tests for 

Fecal coliforms are considered to be the most reliable. 

Bacteria 

Bacteria are single-cell organisms, and they may be trapped in the pore spaces 

between soil particles. This entrapment or filtration is an important mechanism for 
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removal of enteric bacteria from effluent. A clogging mat occurs at the interface between 

the trench and natural soil. This mat is formed in part because of bacterial activity, and 

serves in tum to help trap enteric bacteria before they enter the soil. Other soil and 

biological factors influencing the attenuation of bacteria include bacterial numbers in the 

effluent, soil texture, soil wetness, loading rate, temperature, and bacterial type. 

Unsaturated flow beneath a drainfield is important in ensuring slow travel, long 

residence time for bacteria in the unsaturated zone, good aeration, increased opportunity 

for contact between effluent and soil particles, opportunity for some adsorption of 

bacteria to soil particles, and eventual die-off of bacteria. 

Viruses 

Viruses are smaller than bacteria and have a behavior in the soil environment that 

is different from that of bacteria. Virus removal or inactivation in the soil may be by 

several mechanisms, including filtration, precipitation, adsorption, biological enzyme 

attack, and natural die-off. The small size of viruses, and their surface properties deriving 

from a protein coat that may or may not have an electrochemical charge (depending on 

the virus), cause removal of viruses to be controlled more by adsorption to soil particles 

than by filtration. Many of the soil properties that affect adsorption of bacteria also affect 

adsorption of viruses. Cation exchange properties of soils, mineralogy, texture, pH, and 

temperature are just a few of the soil properties that influence virus attenuation. 
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As with bacteria, unsaturated flow conditions in the soil beneath a septic system, resulting 

in good aeration, slow travel, long residence times, good effluent-soil contact, and 

opportunity for die-off, is very important in ensuring cleanup of viruses in effluent. 

1.2.5 Impact of OSTDS 

InN orth Carolina, a study of the survival and transport of a model enterovirus 

(BE-l) and a fecal coliform bacteria in four OSTDS located in a sandy soils typical of the 

coastal plains was conducted by Scnadura and Sobsey (1997). Viruses were detected in 

the groundwater and the concentration was greater in winter than in summer. The virus 

detection was also positively associated with proximity to septic effluent distribution 

lines, drainfield soils with the lowest clay content, elevated ground water pH and 

shallower vadose zones. 

In North Carolina, a study of 386 groundwater samples shows that the increase of 

nitrate with time was most significant in unsewered areas served by septic tanks. In 

addition, the highest nitrate and coliform concentrations were noted in the winter during 

maximum infiltration (DeWalle and Schaff, 1980). 

In Florida, results of a study in Palm Bay showed a statistically significant 

correlation between increasing fecal coliform, nitrate and phosphate concentration and 

decreasing distance between wells and septic tanks. High level of precipitation ( >63 em) 
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during the months of July to September and the presence of porous sandy soils result in 

high water tables and septic tank overflows (Arnade J., 1998). 

Bloetscher F. and VanCott W.R. (1999) have identified septic tanks as the biggest 

concern within the wellfield protection zone regulations. In South Florida, during winter 

and spring, effluent piping from the septic tanks is totally above the water table level. 

Wastewater filters through drainfield pipes into the groundwater. Therefore, septic tanks 

work properly. However, during the summer and fall months when the water table is 

raised, many septic tanks do not operate properly because the water table is above the 

drainage pipes. 

1.3 Objectives 

The hypothesis is that OSTDS are directly affecting coastal canals in terms of 

water quality. The primary objective of this study is to quantify the potential pollutant 

loading contributions from OSTDS on coastal canals, specifically with regard to nutrients 

and pathogens indicators. 

To a chi eve this goal, two similar sites of single-family housing units along the 

Dania Cut-Off/C10 Canal were selected. These communities are located in Dania Beach 
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and Hollywood, FL. One of the sites is connected to the public sewer and the other one 

relies on OSTDS. 

The following characteristics were monitored: water quality parameters (pH, 

temperature, conductivity, salinity), nitrate-nitrogen, chemical oxygen demand (COD) 

and microbial indicators (E. coli and Enterococcus) during two sampling events, one in 

October-November 2004 and one in February-March 2005. Therefore, differences in wet

weather versus dry-weather contributions were assessed, as the 1 iterature indicates that 

rainfall affects the quantity and movement of nutrients and pathogens. 
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Chapter 2. METHODOLOGY 

The methodology used to conduct this research study is as follow. First, a site 

characterization was performed in order to collect information concerning the cities of 

Dania Beach and Hollywood, geology, hydrogeology and climate of this area, information 

on the Dania Cut-Off/C-1 0 Canal and the selected sampling sites. Then, a sampling plan 

was developed in order to test the hypothesis that OSTDS impact the ocean in terms of 

nutrient and pathogen contributions. 
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2.1 Site Characterization 

The objective of the site characterization is to collect information on the cities, 

geology and hydrogeology, climate, canals and present sampling sites and map 

2.1.1 General Cities Characteristics 

The studied part of the Dania Cut-Off/C-1 0 canal flows through two cities: Dania 

Beach and Hollywood in Florida. Dania Beach is a city located in Broward County, 

Florida. The location of Broward County is shown on Figure 2-1. It is the first city in 

Broward County dating back to the 1880's. Dania Beach is located at 26°3' 18" North, 

80°9'11" West. As of the 2000 census, the city had a total population of 20,061 and 

encompassed a total area of 16.3 km2 (6.31 mi2
) (15.8 km2 (6.09 mi2

) of it is land and 0.6 

km2 (0.22 mi2
) of it is water). The total area is 3.49% water. 

'''-;/ 
... .,.~-

Figure 2-1. Broward County, FL 
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Hollywood is a city located in Broward County, Florida. Hollywood is located at 

26 26°1 '17" North, 80°10'30" West. As of the 2000 census, the city had a total population 

of 139.357. The city has a total area of 79.8 km2 (30.8 mi2
). 70.8 km2 (27.3 mi2

) of it is 

land and 9.0 km2 (3 .5 me ) of it is water. The total area is 11.23 % water. The city limits 

and their location in Broward County are shown on Figure 2-2 and Figure 2-3 . 

Figure 2-2. Broward County, FL. 

Miles 

Figure 2-3. Dania Beach and Hollywood City Limits 
(Broward Department ofPlanning and Environmental Protection, 2000) 
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Dania Beach and Hollywood are two adjacent cities as shown on Figure 2-3. On 

Table 2-1, some general characteristics on their population and housing are presented. 

Due to their proximity, the two cities share the same age distribution population with a 

median age of about 39, less than 6 % of under 5 years old, about 80 % who are 18 years 

and over and more than 16 % who are 65 years old and over. The household size and the 

average family size are respectively 2.19 and 2.85 people for Dania, 2.31 and 3 for 

Hollywood. Concerning the housing characteristics, Dania Beach has more vacancy units 

with 16.9% for only 12.8% in Hollywood. 

Table 2-1 . Population and Housing Characteristics of Dania Beach and Hollywood, FL (U 

Census Bureau, 2000) 

Dania Beach Hollywood 
General Characteristics u.s. 

Number Percent Number Percent 

Total population 20,061 100 139,357 100 100% 

Median Age (years) 39.9 NA 39.2 NA 35.3 
Under 5 years 1,114 5.6 8,225 5.9 6.8% 

18 years and over 16,056 80 109,687 78.7 74.3% 

65 years and over 3,234 16.1 24,159 17.3 12.4% 
Average household size 2.19 NA 2.31 NA 2.59 

Average family size 2.85 NA 3 NA 3.14 

Total housing units 10,847 100 68,426 100 100% 

Occupied housing units 9,012 83.1 59,673 87 .2 91% 
Owner-occupied housing 

5,158 57.2 37,098 62.2 66% 
units 
Renter-occupied housing 

3,854 42.8 22,575 37.8 33.8% 
units 
Vacant housing units 1,835 16.9 8,753 12.8 9% 

As populations of Dania Beach and Hollywood share many characteristics, it is 

expected that habits concerning water use and also wastewater generation are similar. 
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2.1.2 Geology and Hydrogeology 

2.1 .2.1 Soil and Aquifers 

Dania Beach and Hollywood are located on the Atlantic coastal ridge. General 

geology and hydrogeology characteristics of Broward County are presented in Figure 

2-4. 

Southeastern Geological Society in Southeastern Florida 
Florida Bureau of Geology Special (Miami-Dade and Broward 

Publication 28 Counties) 
Biscayne aquifer 

Surfical aquifer system 
Semiconfining unit 

Gray limestone aquifer 
Semiconfining unit 

Intermediate aquifer system Intermediate confining unit 

Surfical aquifer system Floridan aquifer system 

Figure 2-4. Generalized geology and hydrogeology of southern Florida 

(Prinos and others, 2002) 

2.1.2.2 Topography and drainage 

A major part of the cities of Dania Beach and Hollywood is on the coastal ridge 

that parallels the seacoast. The ridge is about 6 miles wide and nearly everywhere is very 

low and flat. The ridge crests about 2 miles inland and begins to decline 4 to 5 miles 

inland. The land surface in Dania and Hollywood is generally 1 .5 to 3 m ( 5 to 1 0 ft) 

above mean sea level except along the coast and just west of the Intracoastal Waterway. 
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A network of levees and canals has been constructed throughout most of the 

Everglades area to form conservation areas where water can be impounded and stored for 

use during the dry season. The conservation areas are connected to the coastal canal 

system in the county. 

Drainage is controlled by the C 11/Dania Cut-Off Canal and Hollywood (C-1 0) 

Canal. Hollywood Canal extends through the heart of the city and north to the Dania Cut

Off canal, a tidal canal. Hollywood Canal is tidal from the Dania Cut-Off Canal. More 

characteristics ofboth canals are presented in sections 2.1.4 and 2.1.5 of this report. 

2.1.2.3 Biscayne Aquifer 

In the Dania Beach and Hollywood area, fresh-water supplies for all purposes are 

obtained from the Biscayne aquifer. The aquifer underlies all the coastal areas and most 

of the Everglades in Broward County (Schroeder and al, 1958). The aquifer is thickest 

along the coast where it extends from land surface to a depth of about 60 m (200 ft) and 

thins westward to a featheredge near the Collier-Broward County line. It is underlain by 

marl of low permeability, which extends to a depth of about 300 m (900 ft) and separates 

the Biscayne aquifer from the underlying Floridan Aquifer. 
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The Biscayne aquifer of southeastern Florida is a highly permeable sequence of 

beds of limestone, sandstone, and sand that ranges in age from late Miocene through 

Pleistocene. In Hollywood, the aquifer is composed of the following marine Pleistocene 

formations (from the oldest to youngest), Anastasia Formation, Miami Oolite, and 

Pamlico Sand (Traver 1964). The thickness of the limestone section and the permeability 

of the aquifer generally decrease to the north. 

In most of the Dania Beach and Hollywood area, the Biscayne aquifer contains 

two distinct sandy limestone beds that are highly permeable and will yield large quantities 

of water to the highly shallow aquifer. The upper bed occurs between 12 and 30m (40 

and 100 feet) and the lower bed between 33m (40ft) and to at least 60 m (110ft) at some 

locations. 

2.1.2.4 Groundwater 

Groundwater in the Hollywood area occurs both under confined (artesian) and 

unconfined (nonartesian) conditions Confined highly mineralized water in the Hollywood 

area occurs in the Floridan aquifer, which underlies the area at a depth of about 300 m 

(900 ft). Unconfined water occurs in the Biscayne aquifer. 
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In the Hollywood area, the water table normally lies between 1.80 m to 3 m (6 to 

10 ft) below land surface. The water table fluctuates seasonally in response to 

precipitation; rising during periods of heavy rainfall and falling during periods of 1 ow 

rainfall. Other forces such as discharge to canals, evaporation, transpiration, and pumping 

from wells also cause the water table to fluctuate . 

Using the "USGS, Water Resources Data, Florida, Water Year 2003", a study on 

several wells located in Hollywood, Fl, has shown that the highest water table level often 

occurs in October or November and the lowest during the first three months of the year. 

A specific study was also conducted on the groundwater level for the well G 2441, 

located in Arthur Street, Hollywood, FL, with data from 1995 to 2003 (USGS -

http:/ /waterdata.usgs.govlfl/nwis/gwsi/?site no=260 120080093401 ). Monthly averages of 

the groundwater level from 1995 to 2003 are presented in Figure 2-5 . For this 8-year 

period, the highest ground water levels occurred 6 years in September-October. The 

lowest level occurred 6 years in February- March. Groundwater level data for 2004-2005 

are not available at the time of this report is edited. 
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Date 

Figure 2-5. Average monthly groundwater level 1995-2003 (USGS) 

The wet season sampling was conducted in October-November 2004 when the 

groundwater level was supposed to be the highest. The dry season sampling was 

conducted in February-March 2005 when the groundwater level was expected to be the 

lowest. 

2.1.3 Climate 

2.1.3.1 Climate data 

The climate of Dania Beach and Hollywood is sub-tropical, with long, warm, 

humid summers and mild winters. In Table 2-2, monthly normal and precipitation for the 

period 1 971-2000 are presented. Data were collected on the National Weather S ervice 

website. The average annual daily temperature is 24.3°C (75.8°F) for the NOAA 

meteorological station located at Fort Lauderdale-Hollywood International Airport 
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(26.4N, 80.9 W). The average monthly temperature for the period ranged from 19.6°C 

(67.4 °F) in January to 28.3°C (82.9 °C) in August. The average annual rainfall at Fort 

Lauderdale for the period was 1630.4 mm (64.19 in). Rainfall is unevenly distributed 

during the year: 69 percent occurs during May-October. 

Table 2-2. Temperature and Precipitation in Fort Lauderdale- 1971-2000 (NOAA

http://www.srh.noaa.gov/mfl/newpage/climate.html) 

Temperature °C 

Month MeanT MeanT max MeanT min Rainfall (mm) 

January 19.6 24.3 15 .0 74.7 

February 20.1 24.7 15.4 68.6 

March 21.7 26.1 17 .3 71.1 

April 23.4 27.8 19.0 99.3 

May 25.6 29.7 21.6 160.8 

June 27.3 31.2 23.4 254.3 

July 28 .1 32.1 24.1 170.2 

August 28.3 32.2 24.3 174.8 

September 27.7 31.6 23.8 209 .8 

October 25.9 29.9 22 .0 163.6 

November 23.4 27.3 19.4 116.1 

December 20.7 25.0 16.5 67.3 

Yearly Average 24.3 28.5 20.1 1630.4 

2.1.3 .2 Temperature 2004-2005 

Temperatures in the Fort Lauderdale/Hollywood International Airport NOAA 

station for 2004 and 2005 are presented in Table 2-3. The departure from normal 

corresponds to how many degrees above or below normal, the average temperature was. 
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Negative is below normal, while positive value indicates above normal. Normal 

temperatures are calculated based on data collected from 1971 to 2000. 

Table 2-3. Temperature in Fort Lauderdale/Hollywood International Airport in 2004-2005 

(NOAA- http: //www.srh.noaa.gov/mfl/newpage/climate.html) 

Temperature oc 
Month Dptr from MeanT MeanT High Low 

MeanT 
Normal max min Tmax Tmin 

January 19.5 -0 .2 24.1 14.9 29.4 7.8 

February 21.4 1.3 25.8 17.1 29.4 8.9 

March 22.9 1.2 26.5 19.3 30.0 11.7 

April 23 .3 -0.1 27.3 19.3 31.6 11.7 

May 26.4 0 .7 29.3 23.6 32.7 19.4 

v June 29 .0 1.7 32.0 25.9 33 .9 22.8 0 
0 

July N 28 .7 0.7 32 .2 25.3 33.9 23.3 

August 28.7 0.4 32 .0 25.4 34.4 22 .8 

September 28.1 0.3 30.8 25.4 33 .3 23 .3 

October 26.4 0.4 29.4 23.5 31.1 17.8 

November 23 .9 0.6 27.3 20.6 30.0 13.3 

December 20.3 -0.5 24.4 16.2 29.4 6 .7 

Yearly Average 24.9 0.5 28.4 21.4 

January 20.1 0.4 24.0 16.4 26.6 5 .0 
LJ1 
0 February 20 .1 0 .1 24.5 15.9 28.3 7.2 0 
N 

March 1 19.5 -1.8 23.9 15.0 30.0 10.5 

The mean temperatures in 2004 followed the trend of the last 30 years with only 

three months with more than one degree Celsius above the normal in February, March 

and June. 

1 Data until March 171
h, 2005. 
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2.1 .3 .3 Precipitation 2004-2005 

Precipitation in the Fort Lauderdale/Hollywood International Airport is presented 

m Table 2-4. The departure from normal is how many millimeters above or below 

normal, the monthly rainfall was. Negative is below normal, while positive value 

indicates above normal. Normal precipitations are calculated based on data collected from 

1971 to 2000. 

Table 2-4. Precipitation in Fort Lauderdale/Hollywood International Airport 2004-2005 

(NOAA) 

Total Depature # of Days With Rain More Than 

Month 
Monthly From Greatest 24 
Rainfall Normal hr (in) 

(in) (in) 0.01" 0.10" 0.50" 1.00" 

January 2.52 -0.42 6 3 3 1 1.35 

February 4.95 2.25 6 4 2 2 4.47 

March 0.74 -2.06 5 3 0 0 0.46 

April 3.07 -0.84 7 3 2 1 2.11 

May 0.74 -5.59 5 1 1 0 0.56 
"it June 2.22 -7.79 9 6 1 0 0.75 0 
0 July 5.00 -1.70 17 10 2 1 1.44 N 

August 7.93 1.05 19 12 5 2 2.53 

September 9.04 0.78 20 12 4 4 2.63 

October 2.52 -3.92 13 7 2 0 0.83 

November 1.31 -3.26 8 3 1 0 0.76 

December 1.42 -1.23 3 3 1 0 1.07 

Yearly average 41.46 -22.73 118 67 24 11 

Ill January 2.04 -0.90 5 3 1 1 1.84 
0 February 0.18 -2.52 3 0 0 0 0.09 0 
N 

March 2 4.45 2.97 5 4 3 2 1.82 

The year 2004 can be considered as a dry year with a yearly rainfall of only 

1053.08 mm (41.46 in), which corresponds to a departure from normal (1971-2000) of 
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minus 577.34 mm (-22.73 in). This departure from normal represented a 35% deficit in 

precipitation. 

On Figure 2-6, a clustered column chart presents the distribution of rainfall in 

2004 and the normal rainfall based on the average rainfall on the period 1971 to 2000. 

The deficit of rainfall in May and June represent 59 % of the total departure from normal. 

In addition, the dry weather in October and November, represent 31 % of the total deficit 

of rainfall. The high precipitation recorded in August and September are partly due to the 

hurricanes "Charley'', "Frances" and "Jeanne", which have hit South Florida. For the two 

first months of 2005, precipitations were lower than the normal. 

··········· · · · ··········-~---····-··-¥······· 
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Figure 2-6. Normal Precipitations (1971-2000) vs. Precipitations in 2004-2005 

2 Data until March 17th, 2005 . 
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2.1.4 Dania Cut-Off/C-1 0 Canal Characteristics 

2.1.4.1 Geographic Locale 

The Dania Cut-Off/C-1 0 Canal Basin is located in the southeast corner of 

Broward County. The primary municipalities in this area are Fort Lauderdale, Dania 

Beach, and Hollywood. In addition, large areas of unincorporated Broward County exist 

in the area. Freshwater originates primarily from the C-11 Canal to the west or 

"upstream" of the Dania Cut-Off Canal and is controlled by releases through the 

SFWMD's S-13 control structure. Ocean water primarily comes from the Port Everglades 

Inlet. Some tidal interaction also occurs with the South Fork oft heN ew River in the 

western reaches of the Dania Cut-Off Canal. The drainage basin is presented on Figure 

2-7. 

Originating in western Hollywood, the C-1 0 Canal connects to the Dania Cut-off 

Canal east ofl-95 . Stormwater is the main freshwater contribution to the C-10 Canal as 

no freshwater water canals discharge from the west. Tidal interaction with the Dania Cut

off Canal provides the connection with that basin and likely increases the brackish 

environment in the north end of the canal. (BCDPEP, 2000) 
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Figure 2-7. C 1 0 Drainage Basin (Broward County Department of Planning & 

Environmental Protection) 

2.1.4.2 Municipalities and Land Use 

Numerous and diverse land uses exist along the Dania Cut-off Canal. A natural 

mangrove forest borders a commercial port and several small marinas (Port Dania Beach) 

in the eastern section (east of US 1 ). The marina area contains some live aboard vessels. 

In addition, a small agricultural (primarily vegetable farming) operation is in the area. A 

large airport (Fort Lauderdale-Hollywood International) and two major roadways (I-95 

and US 1) are situated in the central area where the C-1 0 meets the Dania Cut-off Canal. 

The western corridor has large areas of vegetative buffers along the shoreline, as 

well as, a large electrical plant (Florida Power and Light) that withdraws water from the 
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canal that eventually discharges into the South Fork of the New River. Finally, residential 

housings with bulkhead seawalls are interspersed throughout the canal with some 

neighborhoods served by septic systems. 

The northern C-1 0 Canal has large tracts of natural shoreline, primarily Brazilian 

Pepper trees, mixed with marine industries (small vessels), and a large complex , 

Oakwood Plaza. The C-1 0 is fed by two separate "tributaries", the southern portion 

(Hollywood Canal) and the east-west oriented (C-1 0 Spur Canal). These tributaries are 

dominated by residential areas with bulkhead seawalls. The C-1 0 Spur Canal also has two 

golf courses at its western reach. 

2.1.4.3 Wastewater Treatment Plant Discharge History 

WWTP discharges into the Dania Cut-off Canal occurred until 1980 when the 

Broward County Utility ( 1.095 MGD capacity) stopped discharging treated wastewater 

into the canal. The C-11 Canal, western freshwater canal, still received some wastewater 

discharges from the Town of Davie and Hollywood Lakes Country Club until 1988. 

2.1.4.4 Other Influences on Water Quality 

Roadways 
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Interstate 95 crosses the Dania Cut-off Canal, Hollywood Canal and the C-1 0 Spur Canal. 

In addition, primary connector roads (e.g., Ravenswood Road) exist throughout the area 

with accompanying outfalls. Numerous finger canals also exist in both the Dania Cut-off 

and C-1 0 waterways, which also have outfalls. 

Septic Tank 

The Dania Cut-off Canal has two main residential areas that are served by septic tanks in 

both the western and eastern range. The influence of these septic systems on the waterway 

has not been investigated to date (BCDEP 2000). Sewered areas for the Hollywood area 

are presented on Figure 2-8. 

" Sewered Areas w~ 0~~~0~.8iiiiiiiiiiiiiiiiiiiiiiii1~.6~~~2.1iiii4iiiiiiiiiiiiiiiiiiiiiiii3~.2~~4 Miles 

Figure 2-8. Sewered Areas (Broward County Department of Planning & Environmental 

Protection, 2000) 
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2.1.5 C-11 Canal Characteristics 

2.1.5 .1 Basin and Canal Structure 

With an area of 104 mi2 the C-11 Canal basin is the largest basin located entirely 

within the county. The basin is in southwest Broward County and is divided into western 

(81 mi2
) and eastern (23 mi2

) basins. These basins are presented on Figure 2-9. The S-

13A effectively divides the C-11 Canal into typically western and eastern flowing 

segments that correspond to the respective western and eastern basins. Elevation and 

subsequently the amount of flow westward is controlled by the S-9 pump structure while 

the eastern waterway's elevation and flow is controlled by the S-13 which has both pump 

and gravity flow capacity. During certain hydrological conditions, the S-13A may be 

opened to allow western C-11 Basin water to flow to the east, in order to maintain 

barriers to salt-water intrusion or for flood protection (Cooper and Lane 1987). 
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Figure 2-9. Drainage Basin (Broward County Department of Planning & Environmental 

Protection, March 2000) 

2.1.5.2 Municipalities and Land Use 

The C -11 Canal Basin is partially encompassed by the Town of Davie, Cooper 

City, the northern half of City of Pembroke Pines, a western section of the City of 

Hollywood, and unincorporated Broward County. 

2.1.5 .3 Wastewater Treatment Plant Discharge History 

In 1983, the Modem Mobile Home was the first WWTP to cease discharging into 

the C-11 Canal. The Hollywood Lakes Country Club stopped discharging via the North 

Folk ofthe C-9 Canal into the C-11 Canal in 1988. The Town ofDavies's plant I (0.96 

MGD) also halted WWTP discharge in 1988 via the N-5 Canal in the eastern sub-basin. 

By the end of the 1970's, the land in the C-11 Canal Basin was predominately 

open (42%) or in agricultural use (38%). The remainder of the land use was comprised of 

low density residential (18%), and less than 2% of the basin was used for commercial or 

industrial uses (Broward County Planning Council 1997). During the 1980s and 1990s, 

the westward expansion of the population resulted in the urban development of many 

areas of the C-11 basin. 
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2.1.5.4 Other Influences on Water Quality 

Soils 

The western portion of the C-11 Basin consists of poorly drained peats and muck soils, as 

well as poorly drained deep sandy soils. The eastern area of the basin predominately has 

poorly drained deep sandy soils with trick black surface layers (Reynolds, Smith and Hills 

Inc. 1972). 

Roadways 

Two major roads, Griffin Road and Orange Drive, run parallel along a majority of the 

canal 's shoreline. In addition, several north/south oriented roads (e.g., Florida Turnpike 

and University Drive) cross the canal. Currently seventy-six storm water outfalls 

(BCDPEP GIS database), primarily associated with these roadways, discharge directly 

into the C-11 canal. Almost half are at least 15 inches diameter. The surrounding C-11 

basin (east and west) has an additional 174 outfalls that discharge into secondary and/or 

tertiary canals before eventual discharge into the C-11 Canal. 

2.1.6 Sampling Sites 
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The following section presents some characteristics and map of the chosen 

sampling location. On Figure 2-10, an overall map with the six sampling locations is 

presented. The number on the map correspond to the following sites: 

Site #1 : site with OSTDS, Melaleuca Gardens (Dania, FL), 

Site #2: site with sewer, Sherman Street (Hollywood, FL), 

Site #3: upstream site, North Park Bridge (Hollywood, FL), 

Site #4: SW 301
h Avenue (Hollywood, FL), 

Site #5 : end ofDania Cut-Off Canal (Hollywood, FL), 

Site #6: Dania beach (Hollywood, FL). 

The first three sites were sampled during the wet and the dry season. Sites #4, #5 and # 6 

were sampled during the dry season. 
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Sewered Areas w.. o~~~o.liiiiiaiiiiiiiiiiiiiiiiiiiiiiij1.6 Miles 
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Figure 2-10. Sampling sites location (BCDEP, 2000) 

2.1.6.1 Site #1 with OSTDS: Melaleuca Gardens, Dania, FL. 

The Melaleuca Gardens community was chosen to conduct our study because it is 

on a non-sewered area surrounded by the Dania Cut-Off Canal, as shown on Figure 2-10. 

It is a community of single-family housing units and its residents use septic systems to 

treat and dispose their wastewater. The Melaleuca Gardens community is located just 

south of the Fort Lauderdale/Hollywood International Airport. Its boundaries are defined 
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by Griffin Road to the north, by the Dania Cut-off Canal to the west and south and by 

US 1 to the east. All the units located west to NW 12th A v have an access to the Dania 

Cut-Off Canal in their backyard. An aerial view of the site #1 is presented on Figure 2-11. 

Figure 2-11. Site #1: Melaleuca Gardens, Dania, FL- Aerial View 2004 (copyright 

Broward County Property Appraiser I Florida Atlantic University - used with permission) 

To study the influence of the OSTDS on the surface water, a small and 

manageable portion of the canal was identified. The canal finger located between NW 

1ih Ave and NW 101h Ave was selected (cf. section 2.2.4 for sampling location). An 

aerial view of the monitored canal is presented on Figure 2-12. The channel is 18.3 m (60 

ft) wide, 161.1 m (530ft) long, which represents an area of 2950 m2 (0.73 acres). The 

depth of the main channel was around 3 m and inside the canal finger, the depth range 

varied from 3 .3 to 3 .6 m ( 11 to 1 2 ft). Sixteen single-family houses with septic tanks 

surround the canal finger. 
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Figure 2-12. Site #1: Melaleuca Gardens- Sampling Location 

2.1 .6.2 Site #2 on sewer: Sherman Street, Hollywood, FL. 

A similar community located on a sewered area and surrounded by the Hollywood 

canal was selected. As shown on Figure 2-10, houses of the site #2 (Sherman Street) are 

connected to the public sewer. It is a residential neighborhood composed of single-family 

units like the site #1. It is located in east-central Hollywood where Sherman Street crosses 

the C10 Canal. It is defined by Sheridan Street to the north, N 28th Av to the west, Taft 

Street to the south and N 26th Ave to the east. An aerial view of the site #2 is shown on 

Figure 2-13 . 
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Figure 2-13 . Site #2 : Sherman Street- Aerial View 2004 

The portion of the canal studied is the west canal finger located just south 

to Sherman Street. The canal finger is 28m (92ft) wide, 121 m (398 ft) long, with a total 

area of3388 m2 (0.83 acres). Eighteen single-family houses connected to the public sewer 

surround the canal finger. 

Figure 2-14. Site#2: Sherman Street- Sampling Location 
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2.1.6.3 Site #3: North Park Road Bridge, Hollywood, FL. 

As shown on Figure 2 -10, the site # 3 a rea surrounded by the Canal channel is 

located on a sewered area. Upstream of the sampling location, two high-rise communities 

Emerald Hills Country Club and Emerald Hills Golf Course bordered the canal. No 

adverse pollution such as domestic animal feces is expected but the presence of the golf 

course can contribute to a higher level of nutrients. Due to this condition, the site #3 was 

considered as the upstream site. It is located where the North Park Road crosses a channel 

ofthe Hollywood Canal. An aerial view of the site is presented on Figure 2-15. 

Figure 2-15. Site #3: N Park Bridge- Aerial View 2004 

Our sampling location is at the bridge crossmg the Hollywood Canal 

Channel, as shown on Figure 2-16. 
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Figure 2-16. Site #3: N Park Bridge - Sampling Location 

2.1.6.4 Site #4: SW 30th A venue Bridge, Dania, FL. 

For the dry season, three new sites were added to the sampling monitoring 

program. The site #4 is located about two miles upstream of the Melaleuca Gardens as 

shown on Figure 2-10. As all sampling were conducted between high tide and low tide 

(as discussed in section 2.2.3, the water canal flow was going from west to east for the 

Dania Cut Off Canal and south to North for the Hollywood Canal This site was selected 

in order to characterize the input of background water in the site #1 . 

It is located at the bridge where the SW 30th Ave crosses the Dania Cut-Off 

Canal. This area is characterized by some factories at the north of the canal and single

family housing units at the south as shown on Figure 2-1 7. 
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Figure 2-17. Site #4: SW 30th Av - Aerial View 2004 

The sampling location is located just downstream of the bridge crossing the 

Dania-Cut Off Canal. At his place, a dock is available for launching boats. An aerial view 

of the specific sampling location is presented on Figure 2-18. 

Figure 2-18. Site #4: Sampling Location SW 30th Av 
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2.1.6.5 Site #5: End of Dania Cut-off Canal 

In order to characterize the input of the canal in the ocean, the site #5 located just 

at the end of the Dania Cut-Off Canal, before it reaches the Atlantic Ocean, was selected. 

As shown on Figure 2-10, from the site #2 to the site #5, only sewered area is present. 

The site # 5 is located just before the Port Everglades and the Atlantic Ocean. This 

area is characterized by mangrove south to the canal and Port Everglades north. 

Figure 2-19. Site #5: End of Dania Cut-Off Canal - Aerial View 

2.1.6.6 Site #6: Dania Beach, Hollywood, FL 

In order to characterize the impact of the Dania Cut-Off Canal in the water quality 

of the Atlantic Ocean, a sampling location was selected at the Dania Beach. The site #6 is 

located on the Dania beach in the Port Everglades area. During the two first sampling of 

the dry season, the seawater was taken at the Seatech Campus, Florida Atlantic 
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University, where a pump related to the middle of the pier bring seawater. During the last 

sampling, the seawater was taken with a bucket at the end of the pier. An aerial view of 

the beach is presented on Figure 2-20. 

Figure 2-20. Site #6: Dania Beach- Aerial View 
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2.1.7 Historical Water Data 

Sampling results for the Hollywood canal in 2004 from the city of Hollywood 

were collected. Fecal Coliform concentrations for Sherman Street (site #2) and Goldman 

Park (park I ocated south to Sherman Street) are presented in Table 2-5. Highest Fecal 

Coliform levels occurred in October for Sherman Street and in November for Goldman 

Park. Lowest values were detected in May 2004 for both sites. Complete results of testing 

are presented in Appendix D. 

Table 2-5. Fecal Coliform 

Fecal Coliform ( # colonies/100 mL) 
Sherman Street Goldman Park 

May-04 90 10 
Jun-04 300 300 
Jul-04 1900* 470 

Aug-04 2600* 1800* 
Sep-04 520* 4600* 
Oct-04 3400* 1600* 

*= rainfall of approx. 0.50" or greater during previous 24 hours 
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2.2 Sampling Plan 

2.2.1 Objectives of Sampling 

The sampling goal is to quantify the potential pollutant loading contributions from 

on-site treatment and disposal systems, specifically with regard to nutrient and microbial 

pathogen, for coastal canal systems. Differences in wet-weather versus dry-weather 

contributions will also be assessed, as the 1 iterature indicates rainfall and ground water 

elevation affects the quantity and movement of nutrients and pathogens. 

The following water quality parameters will be monitored: temperature, pH, DO, 

conductivity, salinity, COD, Total Coliform, E. coli and Enterococcus. In addition, the 

depth of the canal will be measured and the weather of the sampling day recorded. 

2.2.2 Sample Collection Procedure 

The field study on the coastal canal was conducted with a non-powered boat to 

prevent any cross-contamination and mixing of the water column. All the general 

parameters for each location were measured directly on-site using the probe YSI 556. 

Two samples at each location were collected using 500 ml sterile plastic Whirl-Pak bags 

at a constant depth of 30 em (1 foot) . Following the collection, sampling bags were kept 

refrigerated at 4°C to preserve their integrity with a cooler on the boat and in the van, then 
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in the laboratory refrigerator. Samples were analyzed within 24 hours for Total Coliform, 

E. coli, Enterococcus and COD. In order to preserve the integrity oft he sam pies for 

further analysis, cone. H2S04 was added in a concentration of 2 ml/L after the first 24 

hours. 

In coastal areas, changes in surface water level due to tidal movement affect 

groundwater flows. A periodic response in the water table follows the tidal cycle resulting 

in a net outflow of groundwater during outgoing tides. Where poorly sited or aging septic 

systems are concentrated in coastal areas, the discharged groundwater may be 

contaminated with nutrients and microbial pathogens. It has been suggested that the 

coastal water quality can be influenced by contaminated groundwater discharges 

associated with non-point sources of pollution that are facilitated by the actions of tides. 

Significant negative correlations with tidal level and enterococci, coliphage and fecal 

coliform bacteria, in descending order, had been noted (Lipp 1999). Therefore, sampling 

times were carefully chosen to be during the outgoing tide. 

2.2.3 Number and Location of Samples 

A map with the location of the six sampling sites is presented on Figure 2-10. 

Aerial views of each site are presented below. The numbers on the picture corresponds to 

the location and name of the sample as they are referred later on in Chapter 3. For the site 

#1 (Melaleuca Gardens) and the site #2 (Sherman Street), 5 samples were collected along 
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the canal finger selected as shown on Figure 2-21 and Figure 2-22 respectively. The 

sample #1 was collected in the main channel and the sample #2 at the entrance ofthe 

canal finger. Samples #3. #4 and #5 were collected inside the canal. The sample #5 

corresponds to the end of the canal finger. 

Figure 2-21. Site #1 with OSTDS, Melaleuca Gardens - Sampling Location 

Figure 2-22. Site # 2 with sewer, Sherman Street - Sampling Location 
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For the sites #3, #4, #5 and #6, samples location are presented on Figure 

2-23,Figure 2-24,Figure 2-25 and Figure 2-26 respectively. These locations were selected 

in order to characterize the water quality of the Dania Cut-Off canal upstream and 

downstream, two samples were collected on each site. 

Figure 2-24. Site #4, SW 30th Av - Sampling Location 
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Figure 2-25. Site #5, End ofDania Cut Off Canal - Sampling Location 

Figure 2-26. Site #6, Dania Beach - Sampling Location 

2.2.4 Health and Safety Procedures 

The Florida Atlantic University Department of Environmental Health and Safety 

requires that all employees and students working in laboratories obtain a annual 

certificate of training in "Laboratory Safety and Hazardous Waste Awareness & 
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Handling" and "Biological Waste Handling". The author and his assistants completed this 

training before the beginning of the study. 

For the sampling, the author and his assistants followed the non-powered boat 

procedures (section 16.30) of the FAU Boating and Diving Manual edited by the 

Department of Environmental Health and Safety, Florida Atlantic University. This 

procedure required (but not limited to): 

to submit a float plan to the supervisor of the project prior to each outing, 

each person must wear a Coast Guard approved personal floatation device (PFD), 

at least one person must be equipped with a means of communication, such as cell 

phone, or hand held radio (these items should be stored in waterproof, floating 

containers when not in use), 

a first aid kit should be carried, 

get off the water as soon as possible when a storm threatens. 

2.2.5 Quality Assurance I Quality Control Procedures 

In order to prevent contamination of the samples in their storage location, coolers 

and refrigerator were washed, disinfected and rinsed before each sampling trip. In 

addition, a blank sampling bag containing distilled water was transported during one of 

the field trips and then tested. No cross-contamination was detected. 
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2.3 Parameters monitored and analytical methods 

The following parameters were monitored during the sampling program: 

- pH, DO, Conductivity, Salinity (Probe YSI 556 MPS on-site), 

- Depth (surveying rod), 

- Secchi Disk, 

- Nitrate (HACH Nitrate Electrode Probe), 

- Total Coliform I E. coli (MMO-MUG,IDEXX Colilert™ Test), 

- Enterococcus (IDEXX Enterolert™ test), 

- COD (Hach colorimetric method), 

- weather data (NOAA, Weather Channel). 

2.3.1 pH, DO, Conductivity, Salinity 

The YSI 556 MPS (Multi-Probe System) probe (YSI Inc., Yellow Springs, OH) 

was used to determine the pH, temperature, conductivity, specific conductivity, total 

dissolved solids, salinity and the concentration of dissolved oxygen. Prior to each use, the 

YSI probe was calibrated with standard solution. For the pH, a three-point calibration was 

performed with YSI pH standard solutions of 4, 7 and 10. For the conductivity, specific 

conductivity, total dissolved solids and salinity, a YSI standard solution of 1000 mS/cm 

was used. For the dissolved oxygen, the water-saturated air calibration method was used. 

3 mm (1/8 inch) of water are placed in the bottom of the calibration cup. After 10 
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minutes, the air in the calibration cup is considered water saturated and the dissolved 

oxygen is calibrated to 100 %. 

2.3.2 Depth 

The depth of canals was measured by using a 16-ft surveying rod. 

2.3.3 Secchi Disk 

To determine the water clarity, an 8-inch black and white Secchi Disk (VWR 

brand product) was used. The rope has black marks every 50 centimeters. 

2.3.4 Nitrate-Nitrogen 

The detection of Nitrate-Nitrogen was achieved using the HACH Platinum series 

combination nitrate electrode. It combines a solvent-polymer membrane half-cell and a 

reference half-cell in one body. The membrane half-cell uses a low solubility Ion 

exchanger in a polyvinyl chloride (PVC) plastic matrix to detect nitrate ions. 

The calibration of the probe was performed using three 25-mL standards solution 

of 1, 10 and 100 mg/L N03 ·-N. The content of one Nitrate Ionic Strength Adjustor (ISA) 

powder pillow was added to each standard. Standard and samples were stirred at a 

constant and moderately fast rate to improve accuracy. 
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Before testing a preserved sample with concentrated H2S04, a 5.0 N Sodium 

Hydroxide solution was added to the samples in order to neutralize it to approximately 

pH 7. When samples are preserved with acid, Nitrate and Nitrite cannot be distinguished. 

Due to the interferences with chloride with the ion specific probe from the 

naturally high salinity observed in some portions of the Dania Cut-Off (section 3.1.2 and 

3.2.2), samples were diluted 5 times for the sampling on 11 /10/2004 and 10 times 

thereafter. In addition, the content of two pillows ofNitrate Ionic Strength Adjustor (ISA) 

was added to each diluted sample in order to precipitate Chloride ions and obtain a more 

accurate results. 

2.3.5 Total Coliform and E. coli 

The detection of Total Coliform and E. coli was achieved using the C olilert™ 

(IDEXX, Atlanta, GA) defined-substrate technique. This system allows for the detection 

of both total coliform and E. coli simultaneously. The two main components of this 

substrate, outside of basic nutrients, are referred to as ONPG and MUG. The detection of 

coliform bacteria is based on their P-galactosidase enzyme, which utilizes the P-D

galactopyraniside portion of the colorless ONPG, thus leaving o-nitrophenol, which has a 

strong yellow color. E. coli is defined similarly, based on the detection of an enzyme, 

which utilizes the P-D-glucuronide in MUG, leaving the fluorescent 4-methyl

umbelliferone. 
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Due to high salinity levels detected on some sites and the high concentration of 

bacteria, samples were diluted ten times using sterile water and sterile pipette before 

adding the reagents. Ten milliliters were taken from each sample using a 1 0-mL sterile 

pipette. 90 milliliters of sterile water was then added to the sterile bottle before adding the 

reagent. Enumeration was obtained by using the QuantiTray2000™ 97-test system. After 

24 hours of incubation at 35°C, yellow and fluorescent wells were counted to provide the 

Most Probable Number (MPN) of total coliform and E. coli respectively per 100 mL of 

sample. 

2.3.6 Enterococcus 

The detection of Enterococcus was achieved through the Enterolert™ (IDEXX) 

defined-substrate technique. Similar to Colilert™, this system is based on the utilization 

of ~-D-glucoside, which results in the cleaving of the fluorescent 4-methyl-umbelliferone. 

Due to high salinity levels detected on some sites, samples were diluted ten times using 

sterile water and sterile pipette before adding the reagents. Enumeration was obtained by 

using the QuantiTray2000™ 97-test well system, and calculation was based on the Most 

Probable Number. The analytical procedure for Enterolert™ is identical to the Colilert™ 

one, expect for the incubation, which is 24 hours at 40°C. 

2.3.7 Chemical Oxygen Demand 
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The Chemical Oxygen Demand was achieved through the Hach Dichromate 

Reaction Digestion Method test (method 8000) followed by colorimetric measurement 

(method 8328). The COD test is used to estimate the amount of organic matter in water. It 

is a measurement of the oxygen equivalent of the materials present in the water that are 

subject to oxidation by a strong chemical oxidant, in this case dichromate is used. 

Two milliliters of the water sample are pipetted into vials containing the 

premeasured reagents. Each vial contains a strong oxidizing agent, potassium dichromate, 

a catalyst, silver and a chloride compensator, mercury. The vials are heated for 2 hours 

until digestion is completed. Digestion consists of the reaction of oxidizable organic 

compounds, reducing the dichromate ion (Cr20l-) to green chromic ion (Cr3 +). The vials 

are then cooled and the COD measurement is made with the HACH spectrophotometer 

DR/4000. With the 0-1500 mg/L colorimetric measurement, the amount ofCr/ produced 

is determined. 

Chloride is the primary interference when determining COD concentration. Each 

COD vial contains mercuric sulfate eliminating chloride interference up to 2000 mg/L. If 

0.50 g of mercuric sulfate ( HgS04) to each COD vial before the sample is added, the 

additional mercuric sulfate will raise the maximum chloride concentration allowable to 

4000 mg/L. 
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During the wet season sampling, samples were diluted two times. During the dry 

season sampling, due to the high salinity recorded, samples were diluted 10 times. For the 

sampling on 02/22/2005, 0.5g of mercuric sulfate was added to the samples in order to 

remove the chloride interference. 

2.3.8 Weather Data 

The hourly weather data, including condition, air temperature, humidity, visibility, 

pressure and wind, for the sampling day were recorded using the Weather Channel 

Website (http://www.weather.co!!!L) and can be found in Appendix C. The station is 

located at the Fort Lauderdale/Hollywood International Airport. 

2.4 Contribution Measurement 

The measurement of the OSTDS contribution is estimated by a mass balance 

approach. On Figure 2-27 and Figure 2-28, a plan and a side view of an OSTDS site and a 

sewer site are presented. Q is the flow rate and C is the concentration of the pollutant of 

interest. According to the plan view, only the water going in and out of the canal finger 

from the main channel influences the concentration of the pollutant. The side view shows 

the influence of runoff, groundwater and OSTDS in the concentration of the pollutant in 

the canal finger. 
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Figm:e 2-27. Plan View - OSDTS site and sewer site 

Figure 2-28. Side View - OSTDS site and sewer site 

For the OSTDS site, a simplified mass balance can be written as: 

with k the decay of the pollutant in the canal. 

For the sewer site, the simplified mass balance becomes: 
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with k the decay of the pollutant in the canal. 

In the case of two similar sites in the same area, the difference between the two 

equations corresponds to the contribution of OSTDS (Qosm s and Cosms). Therefore, if a 

water quality analysis shows differences in a pollutant concentration between two sites, 

one with OSTDS and one with sewer, by estimating the background, runoff and 

groundwater contribution of a pollutant, a quantification of the OSTDS contribution can 

be performed. 

80 



Chapter 3. RESULTS AND DISCUSSION 

Five sample events were conducted, two during the wet season in October

November 2004 and three during the dry season in February-March 2005. The following 

section presents and discusses results of the sampling monitoring program for the wet and 

the dry season. Then a comparison between both seasons is proposed in order to quantify 

thee ffect of OSTDS in the water quality of the Dania Cut-Off Canal and its eventual 

adverse contribution in the ocean. 
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3.1 Wet Season 

3.1.1 Weather and Tide Data 

Two sampling events were conducted during thew et season, one on Thursday, 

October 21, 2004 and the second one on Wednesday, November 10, 2004. 

Tides for Port Laudania, located at the eastern end of the Dania Cut-Off Canal for 

the sampling days, are presented in Table 3-l.On 10/2112004, the sampling was 

conducted between 5:45pm and 6:30pm corresponding to the halfway point between high 

and low tide. The tide's amplitude was 0.55 m (1.8 ft). On 11110/2004, the sampling was 

conducted between 9:00am and !2:30pm, also between high and low tide. The tide's 

amplitude was slightly greater with a value of 0.85 m (2.8 ft). 

Table 3-1. Tides for Port Laudania, Dania cut-off Canal for the dry season sampling 

(http://www.saltwatertides.com/) 

Day 
High-

Tide Time 
Height Sunrise -

Moon Time 
%Moon 

Low (ft) Sunset Visible 

High 1:43AM 2.8 7:23AM Rise 2:13PM 39 

Low 7:58AM 0.6 6:48PM 
10/21/2004 

High 2:41 PM 2.9 

Low 8:45PM 1.1 

Low 12:44 AM 0.2 6:36AM Rise 5:29AM 3 

11/10/2004 
High 7:15AM 3.3 5:33PM Set 4:54PM 

Low 1:14 PM 0.5 
High 7:21PM 3.1 

The weather trends for the 6 days preceding the sampling are presented in Table 

3-2 and Table 3-3, for the first and second sampling days respectively. For the first 
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sampling event on October 21 2004, the total precipitation during the 6-day period was 40 

mm (1.57 in). The sampling day was partly cloudy with temperatures between 22°C and 

29°C. There were 1 ow wind gusts at 1 0 k m/h ( 6 milhr). Hourly weather data for each 

sampling event are presented in Appendix C. 

Table 3-2. Weather trend 6 days prior to, and including, 10/21/2004 (Fort Lauderdale

Hollywood International Airport, FL- NOAA) 

Date 15-0ct 16-0ct 17-0ct 18-0ct 19-0ct 20-0ct 21-0ct 

High 31°C 27°C 28°C 29°C 30°C 31 °( 29°C 

Low 220( l8°C l9°C 25°C 24°C 22°C 22°C 

Precipitation 19 mm Omm Omm 0 mm 5 mm 21 mm 0 mm 

For the second sampling event on November 10, 2004, the total precipitation 

during the period was 22 mm (0.86 in). The sampling day was partly cloudy and windy 

with temperatures varying between 22°C and 27°C and moderate wind gusts at about 40 

km/h (25 milhr). 

Table 3-3. Weather trend 6 days prior to, and including, 11110/2004 (Fort Lauderdale

Hollywood International Airport, FL - NOAA) 

Date 4-Nov 5-Nov 6-Nov 7-Nov 8-Nov 9-Nov 10-Nov 

High 29°C 30°C 26°C 28°C 2]0( 28°C 2]0( 

Low 23°C 21 oc l9°C l9°C l9°C l9°C 22°C 

Precipitation 0 mm Omm 19 mm 0 mm 0 mm Omm 3 mm 
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3.1.2 General Parameters 

Results of water quality measurements are presented in Table A-1 and Table A-2 

(Appendix A). A summary of these parameters is shown on Table 3-4. In terms of canal 

geometry, water temperature and pH, no differences were noted. However, the OSTDS 

site showed elevated conductivity and TDS with depressed levels of dissolved oxygen 

compared to the sewered site. 

Table 3-4. Summary of water quality measurements during wet weather sampling 

campaign 

Relative 

Site 
Distance 

pH T (OC) Depth (ft) 
Disk Secchi 

SC (mS/cm) 
Cond 

DO (mg/L} TDS (mg/L} 
from Main (ft) (mS/cm) 
Channel 

1 7.81 - 8.07 25 .0 - 28.0 9 8 34.2 - 35 .5 34.2- 37 .6 4 .66 - 5.72 23 .75 

2 7.88- 8.08 25 .2- 28.0 12 8 35.8 - 36.3 36.5- 37.9 4.81 - 5.72 23.28 
Site w/ OSTDS -

3 7.89- 8.10 25 .2- 28.0 13 8 36.3 - 37.0 37.7- 38.4 4.78 - 5.71 24.30 Melaleuca 
4 7.89- 8 .08 25 .2 - 28.0 12 8 36.5- 37.4 37 .5- 38.6 4.79 - 5.69 23.00 

5 7 .91- 8 .10 25 .2- 28.0 11 8 36.9- 37.4 37 .6- 39 .0 4 .77- 5.68 24.30 

1 7.56 24.8 8 8 10.20 10 .18 5.44 

Site w/ sewer - 2 7.57 24.8 11 8 9 .90 9 .90 5.46 6.60 
Sherman St 4 7.62 24.6 11 8 9.97 9 .92 5.48 6.50 

5 7.62 24.5 11 8 9 .90 9 .80 5.57 6.42 

On Table 3-5, an average of the water salinity concentration of each site IS 

presented. The site with OSTDS (Melaleuca Gardens), which is downstream, has the 

highest salinity with a concentration of 25,000 mg/L. The site with sewer (Sherman 

Street) and the upstream site (North Park Bridge) have a salinity of 6,000 and 2,000 mg/L 

respectively. 
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Table 3-5 Salinity Concentration during the Wet Season Samgling 

Sites Salinity (mg/L) 

Site w/ OSTDS -Melaleuca Gardens 25,000 

Site w/ sewer -Sherman St 6,000 

Upstream - N Park Bridge 2,000 

3.1.3 Nitrate-Nitrogen 

Nitrate-Nitrogen concentrations were measured during the second sampling on 

11 /10/2004 and are presented on Table 3-6. As stated earlier, the concentration measured 

is a combination of nitrate (N03) and nitrite (N02) because samples were preserved with 

concentrated sulfuric acid. For the site with OSTDS (Melaleuca Gardens) the average 

Nitrate-Nitrogen concentration was 17.4 mg/L, with a highest value of 19.0 mg/L and a 

lowest value of 15.9 mg/L. For the site with sewer, Sherman Street, the average N03-N 

concentration was 8. 7 mg/L with a highest value of 11 mg/L in the main channel and a 

lowest value of 5.81 mg/L at the end of the canal finger. For the upstream site, North Park 

Bridge, the average N03-N concentration measured was 5.52 mg/L. 

Table 3-6. Nitrate-Nitrogen Concentration - Wet Season 

Sampling 11/10/2004 

Sites 
Relative 

N03-N (mg/L) Distance 

1 16.7 

Site w/ OSTDS - 2 19.0 

Melaleuca 3 18.0 
Gardens 4 15.9 

5 17.3 
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Site w/ sewer -
Sherman St 

Upstream -N 
Park Bridge 

1 

2 

3 

4 

5 

1 

2 

5 .8 

8.4 

NA 

9.6 

11.0 

3.8 
7.3 

The nutrient 1 evels measured at the 0 STDS site are two times greater than the 

sewered area, which can be attributed to a contribution from septic systems. However, 

due to the variable salinity levels (Table 3-5) in the canal and the Chloride interference 

with the ion specific probe, the Nitrate-Nitrogen results for the dry season need further 

investigation to be validated. 

3.1.4 Microbes indicators 

3.1.4.1 Total Coliform 

Results for the dry season sampling event for Total Coliform levels are presented 

in Table A-3 (Appendix A). As stated before, two samples were taken for each location, 

and in the Table 3-7, the average of both samples measured using the Quanti tray™ 

Method are presented. For the first sampling event, for the site with OSTDS, the highest 

concentration is found at the end of the canal with a value of 13,782 MPN/100 mL and 

then concentrations found inside the channel are relatively constant with values around 

10,000 MPN/100 mL. For the second sampling, the highest concentration was found in 

the main channel, with a value of 17,000 MPN/1 00 mL. 
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The site with sewer (Sherman Street) was only monitored on the second sampling 

day. The highest concentration was found at the location #4 with 14,834 MPN/100 mL, 

whereas the lowest value was detected in the main channel with a concentration of 5,147 

MPN/1 00 mL. For the upstream site, North Park Bridge, the Total Coliform 

concentration was below 3,000 MPN/100 mL. 

Table 3-7. Total Coliform Concentration in MPN/100 mL 

Sampling Sampling 
10/21/2004 11/10/2004 

Site 
Relative Total Coliform Total Coliform 
Distance (MPN/100 mL) (MPN/100 mL) 

1 10,919 17,000 

2 10,502 17,000 
Site w/ OSTDS -

3 9,234 15,163 Melaleuca Gardens 
4 10,099 14,264 

5 13,782 16,430 

1 NA 5,147 

2 NA 11,730 
Site w/ sewer -

3 NA Sherman St 
4 NA 14,834 

5 NA 12,033 

Upstream -N Park 1 NA 2,837 
Bridge 2 NA 2,365 

Average Total Coliform concentrations measured on the three sites are presented 

on Figure 3-1. For the site with OSTDS, Melaleuca Gardens (MG), the average 

concentration for the two sampling days are respectively 10,907 MPN/1 00 mL and 

15,971 MPN/100 mL. For the site with sewer, Sherman Street (SS), the average Total 

Coliform concentration measured was 10,936 MPN/ 100 mL, 31.7 % less than the 

average concentration found in the site with OSTDS the same day. For the upstream site 
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on the North Park Bridge (NPB), the average Total Coliform concentration was 2601 

MPN/lOOmL. 
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Figure 3-1. Total Coliform Concentrations - Wet Season Sampling 

In Figure 3-2, the Total Coliform Concentrations vs. the relative distance of the 

sample location from the main channel was plotted for both sites and sampling days. No 

apparent trend is shown for the evolution of the concentration along the canal. 
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Figure 3-2. Total Coliform Concentrations vs. Relative Distance from Main Channel 

Wet Season Sampling 

For the second sampling event, the global difference between the OSTDS and the 

sewered area may be attributed to the presence of septic tanks. However, as Total 

Coliform concentrations do not vary along the canal finger and some concentrations 

found in the sewered area present also high levels of bacteria, the septic tank contribution 

in term of Total Coliform is not obvious. Moreover, the presence of dogs in the backyard 

of both communities may influence Total Coliform levels. 
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3.1.4.2 E. coli 

Results for the E. coli concentration measured are presented in Table A-4 

(Appendix A). On Table 3-8, an average of E. coli concentrations measured for each 

location are presented. For the site with OSTDS (Melaleuca Gardens) during the first 

sampling event, the highest concentration is found at the end of the canal finger with a 

value of 1 ,249 MPN/1 00 mL. The concentrations found inside the channel are relatively 

constant with values between 654 and 691 MPN/100 mL and a higher value in the main 

channel, 862 MPN/1 00 mL. For the second sampling, the highest concentration was 

found in the main channel, 815 MPN/1 00 mL. The site with sewer, Sherman Street (SS), 

was only sampled on 11/10/2004. The lowest E. coli concentration was found in the main 

channel with a value of 82 MPN/1 00 mL. 

Table 3-8 Average E coli concentrations - Wet Season SamQling 

Sites 

Site w/ OSTDS -
Melaleuca Gardens 

Site w/ sewer -
Sherman St 

Upstream -N Park 
Bridge 

Relative 
Distance 
from the 

Main 
Channel 

1 
2 
3 
4 
5 

1 
2 

3 
4 

5 

1 

2 

Sampling- Sampling-
10/21/2004 11/10/2004 

(MPN/100 ml) (MPN/100 ml) 

862 815 
691 652 
654 758 
665 773 

1 249 702 

NA 82 
NA 147 
NA NA 
NA 210 
NA 266 

NA 119 
NA 36 
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The average E. coli concentrations measured at the three sites are presented on 

Figure 3-. For the site with OSTDS, Melaleuca Gardens (MG), the average concentration 

for the two sampling days are 824 MPN/100 mL and 740 MPN/100 mL respectively. For 

the site with sewer, the average E. coli concentration measured was 146 MPN/100 mL, 

five times less than the average concentration found in the site with OSTDS the same 

day. For the upstream site on the North Park Bridge (NPB), the average E. coli 

concentration was 78 MPN/1 00 mL. 
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Figure 3-3. E. coli Concentrations - Wet Season Sampling 

On Figure 3-4, E. coli concentrations measured versus their relative distance from 

the main channel were plotted. For the site with OSTDS, no global trend is apparent. For 

the first sampling event, the E. coli concentration found at the end of the canal finger is 

nearly twice the concentration found along the canal but the same trend did not occur 

during the second sampling event. For the site with sewer, an increase of the E. coli 
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concentration with the distance from the main channel is noted with a concentration 3.2 

times greater at the end of the canal finger than the one found in the main channel. 
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Figure 3-4. E. coli concentrations vs. relative distance from main channel - Wet season 

sampling 

At the same relative distance from the mam channel, on 11/10/2004, E. coli 

concentrations measured at the OSTDS site are 2.2 to 9.9 times greater than 

concentrations found at the sewer site. This obvious difference between the E. coli levels 

in both sites can be attributed to the presence of septic system. 

3.1.4.3 Enterococcus 

Results for the Enterococcus concentrations detected are presented in the Table A-

5 (Appendix A). Enterococcus concentrations were monitored only during the second 

sampling day, 11 /10/2004, and thereafter. In Table 3-9, an average of Enterococcus 
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concentration for each sampling location are shown. For the site with OSTDS (Melaleuca 

Gardens), the highest concentration is found at the end of the canal with a value of 222 

MPN/100 mL. For the site with sewer (Sherman Street), the highest Enterococcus 

concentration was found at the end of the channel with a value of 171 MPN/1 00 mL and 

the lowest in the main channel, 31 MPN/1 00 mL. 

Table 3-9. Enterococcus concentrations 

Sites 

Site w/ OSTDS-
Melaleuca Gardens 

Site w/ sewer -
Sherman St 

Upstream -
N Park Bridge 

Relative 
Distance 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

~I 

Sampling-
11/10/2004 

(MPN/100 ml) 
191 

128 

209 

215 

222 

31 

52 

103 

171 

10 
37 

Average Enterococcus concentrations measured on the three sites are presented on 

Figure 3-5. For the site with OSTDS, Melaleuca Gardens (MG), the average 

concentration was 193 MPN/100 mL. For the site with sewer, Sherman Street (SS), the 

average Enterococcus concentration measured was 89 MPN/ 100 mL, more than two 

times less than the average concentration found in the site with OSTDS the same day. For 

the upstream site on the North Park Bridge (NPB), the average Enterococcus 

concentration was 24 MPN/1 00 mL. 
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Figure 3-5. Enterococcus concentrations - Wet Season Sampling 

On Figure 3-6, Enterococcus concentrations measured along the canal finger are 

presented. For the site with OSTDS, after a decrease at the entrance of the canal, 

Enterococcus concentrations increased slowly with the distance from the main channel. 

For the site with sewer, the same trend is shown, but in a larger scale, with a 

concentration at the end of the canal finger 5.5 times greater than the concentration in the 

main channel. 
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Figure 3-6. Enterococcus concentrations vs. relative distance from Main channel at 

Melaleuca Gardens (OSTDS) and Sherman Street (Sewer) - Wet season sampling 
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At the same relative distance from the main channel, on 11110/2004, Enterococcus 

concentrations measured at the OSTDS site are 1.2 to 6 times greater than concentrations 

found at the sewer site. This obvious difference between the Enterococcus levels can be 

attributed to the presence of septic system. 

3.1.4.4 E. coli- Enterococcus ratio 

It has been suggested that the quantities of fecal coliform (FC) and fecal 

streptococci (FS) that are discharged by human beings are significantly different from 

those discharged by animals (Metcalf & Eddy 2003). From previous work, the F C/FS 

ratio i s typically 1 ess than 1 for animals and greater than 4 for humans. Ratios, in the 

range from 1 to 2, typically indicate that the pollution is derived equally from human and 

animal sources. E. coli bacteria are part oft he fecal coliform group and Enterococcus 

bacteria are part of the fecal streptococci. In order to establish the origin of the observed 

contamination, the E. coli to Enterococcus ratio was plotted in Figure 3-7. As clearly 

indicated, the OSTDS areas exhibit ratios between 3 and 5 suggesting an important 

human-derived contribution. In the sewered area, the ratios increased as the distance from 

the main channel increased. This is likely due to stagnant conditions in those isolated 

reaches. 
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Figure 3-7. E. coli I Enterococcus ratio vs. relative distance from Main channel - Wet 

season sampling 

3.1.4.5 Beach Monitoring Program 

Beginning with a 1998 pilot program, 11 Florida coastal counties began 

conducting beach water sampling every two weeks and reporting the results in local news 

media and in the Florida Department of Health website. In August 2000, the beach water 

sampling program was expanded to include the 34 Florida counties. In August 2002, the 

coastal counties began collecting weekly samples. The coastal beach water samples 

collected by the county health departments are analyzed for enterococci and fecal 

coliform bacteria. County health departments will issue health advisories or warnings 

when these conditions are confirmed. 
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Florida Department of Environmental Protection' s (DEP's) has adopted Criteria 

for Surface Water Quality Classifications (Chapter 62-302.530, Florida Administrative 

Code). Florida Healthy Beaches Program Categories are for Fecal Coliform as ofS/2002: 

Good = 0-199 fecal coliform per 100 milliliters of marine water, 

Moderate= 200-399 fecal coliform per 100 milliliters ofmarine water, 

Poor = 400 or greater fecal coliform per 100 milliliters of marine water. 

Florida Healthy Beaches Program Categories are for Enterococcus: 

Good = 0-34 Enterococci per 100 milliliters of marine water, 

Moderate= 35-103 Enterococci per 100 milliliters ofmarine water, 

Poor = 104 or greater Enterococci per 100 milliliters of marine water. 

Florida Healthy Beaches Program Categories are for Enterococcus Geometric Mean: 

Good = 34 or fewer Enterococcus Geometric Mean, 

Poor = 35 or greater Enterococcus Geometric Mean. 

A poor rating may result in a resampling event to confirm poor conditions, otherwise 

a Health Advisory or Warning will be issued immediately. A reading ofNR means "No 

Result." This could indicate that no sample was taken at this point because of weather or 

other factors, or that an analysis result was not obtained from the laboratory. 

On Table 3-10, sampling results of the Florida Beach Monitoring Program for Dania 

Beach located at the end of the Dania Cut-Off Canal are presented. For all the three 

criterions, water quality of the seawater was categorized as good, which mean 0 to 34 

Enterococci! I 00 mL, 34 or fewer Enterococcus Geometric Mean and 0 to 199 fecal 

coliform per 100 milliliters of marine water. 
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Table 3-10. Sampling results, Dania Beach, FL (FDoH -

http://esetappsdoh.doh.state.fl.us/irmOObeachwater) 

Sample Period 
Enterococcus 

Enterococcus 
Fecal Coliform 

Advisory 1 Warning 
Start Geometric Mean Issued 

10/18/2004 Good Good Good No 

10/25/2004 NR Good NR No 

11/8/2004 Good Good Good No 

11/15/2004 Good Good Good No 

Sampling events in which OSTDS sites showed elevated levels of microbial 

pathogen indicators did not correlate with sampling results from the FDoH beach 

monitoring. This implies that the contribution of OSTDS to coastal pollution is uncertain. 

3.1.5 Chemical Oxygen Demand 

Chemical Oxygen Demand (COD) was measured during the second sampling on 

11110/2004. COD results for the wet season are reported in Table A-5 (Appendix A). Due 

to variable salinity levels and the interference of Chloride with the COD method used, a 

correction factor was used (see Appendix A-5 for details). 

Average COD concentrations for the wet season sampling are presented in Table 

3-11. For the site with OSTDS (Melaleuca Gardens) the average COD concentration was 

159 mg/L, with a highest value of 188 mg/L at the end of the canal and a lowest value of 

96 mg/L in the main channel. For the site with sewer, Sherman Street, the average COD 

was 27 mg!L with a highest value of 36 mg/L at the end of the canal finger and a lowest 
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value of 17 mg/L at the entrance of the canal. For both sites, an increase of COD 

concentration along the canal finger is shown. For the upstream site, North Park Bridge, 

the average COD concentration measured was 60 mg/L. 

Table 3-11. Chemical Oxygen Demand Concentration- Wet Season Sampling 

Sampling 
11/10/2004 

Site Relative COD (mg/L) Distance 

1 96 

2 164 
Site w/ OSTDS -Melaleuca 

3 171 
Gardens 

4 177 

5 188 

1 25 

2 17 
Site w/ sewer -Sherman 

3 NA 
St 

4 28 

5 36 

1 57 
Upstream -N Park Bridge 

2 63 

A net difference between the site with OSTDS and the site with sewer is apparent 

with COD 3 to 9 times superior for the OSTDS site. This high COD level may be input to 

the presence ofOSTDS. 

3.1.6 Wet Season Sampling Conclusion 

During the wet season, two sampling events were performed on three selected 

locations, a site with OSTDS (Melaleuca Gardens), a site with sewer (Sherman Street) 
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and an upstream site (North Park Bridge) along the Dania Cut-Off/C-10 Canal. For each 

parameter, a net difference was observed between the site with OSTDS and the site with 

sewer, with higher concentrations detected on the site with OSTDS. Ratios of the 

averages concentrations found on the site with OSTDS on the site with sewer are as 

follows: 2 for Nitrate-nitrogen; 1.5 for Total Coliform; 5 for E. coli; 2 for Enterococcus; 

4 for COD. In addition, a study on the ratio E. coli on Enterococcus has shown that the 

pollution in the OSTDS site is likely human. During the same period, water conditions at 

the Dania Beach were reported as good. 

In conclusion, during the wet season sampling, the difference between both sites 

can be attributed to a contribution of OSTDS. However, due to variability in salinity and 

the chloride interference with the nitrate and COD test, results need to be used with 

caution. 

For the dry season sampling, three new sites were investigated: an upstream site 

(SW 301
h A V), a site at the end of the Dania Cut-Off canal just before it reaches the ocean 

and beach samples. By collecting samples in many sites, we will be able to better 

characterize the evolution of the concentration along the canal. The idea is to find the 

input of the Dania Cut-Off canal in the ocean. Also new methods for Nitrate and COD 

testing were used in order to improve accuracy of the results. 
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3.2 Dry Season 

3.2.1 Weather and Tide Data 

Three sampling events were conducted during the dry season, on Monday, 

February 7, Tuesday, February 22 and March 8, 2005. Tides for Port Laudania, located at 

the eastern end of the Dania Cut-Off Canal for the sampling days, are presented in Table 

3-12. For each day, sampling events were conducted between 9:00am and 1:OOpm 

between the high and low tide. For the three sampling days, tide's amplitudes were 0.82 

m (2.7 ft), 0.61 m (2ft) and 0.85 m (2.8 ft) respectively. 

Table 3-12. Tides for Port Laudania, Dania Cut-Off Canal for the wet season sampling 

(http://www .saltwatertides.corn!) 

Day 
High-

Tide Time 
Height Sunrise-

Moon Time 
% Moon 

Low (ft) Sunset Visible 

Low 12:35 AM -0.6 7:01AM Rise 6:09AM 5 

High 7:11AM 2.5 6:08PM Set 4:51PM 
2/7/2005 

Low 1:09PM -0.2 

High 7:20PM 2.4 

Low 1:08AM -0.1 6:50AM Set 6:08AM 95 

High 7:39AM 2.1 6:18PM Rise 5:06PM 
2/22/2005 

Low 1:37PM 0.1 

High 7:44PM 2 

Low 12:25 AM -0.5 6:37AM Rise 5:35AM 8 

High 6:54AM 2.5 6:26PM Set 4:49PM 
3/8/2005 

Low 12:54 PM -0.3 

High 7:11PM 2.5 

The weather trends for the 6 days preceding the sampling are presented in Table 

3-13, Table 3-14 and Table 3-15, for the first, second and third sampling days of the dry 
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season respectively. For the first sampling event on February 7, 2005, no precipitation 

occurred during the 6 previous days. The sampling day was mostly cloudy with 

temperatures between 21 °C and 25°C. There were low wind gusts at around 25 kmlhr 

(15 milhr). Hourly weather data for each sampling event are presented in Appendix B. 

Table 3-13 . Weather trend 6 days prior to, and including, 02/07/2005 (Fort Lauderdale

Hollywood International Airport, FL - NOAA) 

1-Feb 2-Feb 3-Feb 4-Feb S-Feb 6-Feb 7-Feb 
High 23°C 24°C 22°C 1S°C 22°C 24°C 2S°C 
Low 13°C l6°C lS°C l2°C lQOC 1S°C 21 oc 

Precip Omm Omm Omm 0 mm Omm Omm Omm 

For the second sampling on February 22, 2005, no precipitation occurred during 

the previous 6 days. The sampling day was partly cloudy with temperatures between 17°C 

Table 3-14. Weather trend 6 days prior to, and including, 02/22/2005 (Fort Lauderdale

Hollywood International Airport, FL - NOAA) 

Date 16-Feb 17-Feb lS-Feb 19-Feb 20-Feb 21-Feb 22-Feb 
High 2S°C 2S°C 23°C 24°C 2S°C 2S°C 2S°C 
Low l6°C lS°C l6°C l6°C l9°C lS°C l7°C 

Precip Omm 0 mm 0 mm Omm Omm 0 mm Omm 

For the third sampling on March 8, 2005, a total rainfall of 26 mm ( 1 in) occurred 

during the 6-day period. The sampling day was partly cloudy with temperature varying 

Table 3-15. Weather trend 6 days prior to, and including, 03/08/2005 (Fort Lauderdale

Hollywood International Airport, FL - NOAA) 

Date 2-Mar 3-Mar 4-Mar S-Mar 6-Mar 7-Mar S-Mar 
High 26°C 2S°C 26°C 23°C 24°C 2S°C 26°C 
Low 13°C 14°C l4°C l4°C l3°C l6°C l7°C 

Precip 0 lS mm 11 mm 0 0 0 2mm 
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3.2.2 General Parameters 

Results of the water quality measurements for each sampling event are presented 

in Table B-1 , B-2 and B-3 (Appendix B). A summary of these parameters is shown in 

Table 3-16. In terms of water temperature and pH, no differences were noted. Lower 

depths were measured in the site with OSTDS in comparison with the dry season (1 ft). 

Also for the Secchi Disk results, low values were detected during the second sampling 

event on the site with sewer (Sherman Street). The OSTDS site showed elevated 

conductivity and TDS compared to the sewered site. 

Table 3-16. Summary of water quality measurements taken during dry weather sampling 

program. 

Relative 

Site 
Distance 

pH T (°C) Depth (ft) 
Disk Secchi sc Cond 

DO (mg/L) TDS (mg/L) 
from Main (m) (mS/cm) (mS/ cm) 
Channel 

1 7.94-8.27 20 .8-22.8 10 2.5 55.5-57 .6 18 .1-19 .5 6.1-7.4 36.1-38.5 

2 7.98-8.22 20.8-22.8 11 2.4 54 .8-56 .3 18 .5-19.8 6.1-7.4 35 .6-37.4 

Site w/ OSTDS 3 8 .01-8.20 20 .8-22 .8 11 2.5 54 .9-56 .1 18 .6-19 .7 6.1-7.4 35.7-37.3 

4 8.01-8 .19 20.8-22 .8 11 2.3 55 .1-56.4 18 .5-19 .7 6.1-7.4 35.8-36.6 

5 8.04-8 .19 20.8-22 .8 11 2.5 55.1-56.5 18.4-19.7 6.1 -7.4 35.8-36 .8 

1 7.6-8.0 20 .6-23 .3 11 2-2 .9 33 .2-40.9 32.0-37.6 6.6-8.1 19.7-26.3 

2 7.6-8 .0 20 .6-23 .2 7 2-2.7 30.7-40.4 29.1-37.0 6.4-7.1 21.9-26.6 

Site w/ sewer 3 7.6-8. 1 20 .8-23 .5 11 1.8-2.8 32.4-40.7 31.0-37.5 6.4-7.1 21.2-26.5 

4 7.6-7.9 20.8-23.2 11 1.8-3 33.1-40.9 31.7-37.7 6.4-7.9 21.5-26.6 

5 7 .6-7.9 21.0-23 .8 9 1.5-2 .9 33.1-41.1 31.7-37.9 6.2-7.9 21.5-26.7 

Dania Beach NA NA 58 .8 54.4 7.2 I 38.2-39.9 I 
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On Table 3-17, a summary of the water salinity concentration of each site is 

presented. In comparison with the wet season, the water salinity is higher for all sites, 

which can be explained by the dry beginning of the year 2005 and therefore the deficit of 

fresh water input in the canal. 

Table 3-17. Salinity concentration during the dry season sampling 

Sites Salinity (mg/L) 

Site w/ OSTDS -Melaleuca Gardens 36,000 -37,000 

Site w/ sewer -Sherman St 20,000 -25,000 

Upstream - N Park Bridge 9,000 -18,000 

30th Av Bridge 15,000 -33,000 
End Dania Cut-Off Canal 36 000 -38 000 
Dania Beach 39,000 -41,000 

3.2.3 Nitrate-Nitrogen 

Nitrate-Nitrogen concentrations are presented in Table 3-18. The Nitrate-Nitrogen 

was measured only during the first sampling event of the dry season on 02/07/2005. In 

order to prevent interferences with Chloride, samples were diluted ten times and two 

pillows o fN itrate I on Strength Adjustor were added to each sample. For the site with 

OSTDS, Melaleuca Gardens, the average Nitrate-Nitrogen concentration for the three 

locations is 8.3 mg/L. For the site with sewer, Sherman Street, the average concentration 

of Nitrate Nitrogen is 8.9 mg/L. For the upstream sites, North Park Bridge and SW 301
h 

Av, Nitrate-Nitrogen concentrations measured are 6.2 and 3.7 mg/L respectively. For the 

End of the Dania Cut-Off Canal and the Dania Beach, concentrations are 7.7 mg/L and 

14.5 mg/L. 
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Table 3-18. Nitrate-Nitrogen Concentration 

Sites 
Relative Sampling -2/7/2005 
Distance (mg/L) 

1 7.3 
Site w/ OSTDS - 2 NA 

Melaleuca 3 8.2 
Gardens 4 NA 

5 9 .3 

1 7.2 

Site w/ sewer -
2 NA 

Sherman St 3 9.4 
4 NA 
5 9.9 

Upstream -N 
1 6.2 Park Bridge 

30th Av Bridge 1 3.7 

End Dania Cut-off 
1 7.7 

Canal 

Dania Beach 1 14.5 

The nutrient levels measured at the OSTDS and sewer site are around the same. 

However, due to the variable salinity levels in the canal, the Chloride interference with 

the ion specific probe, the difficulty encountered to repeat the test, the Nitrate-Nitrogen 

results for the wet season need further investigation to be validated. 

3.2.4 Microbes indicators 

3 .2.4.1 Total Coliform 

Results for the wet season sampling event for Total Coliform levels are 

presented in Table B-4 (Appendix B). On Table 3-19, the average Total Coliform 
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concentrations measured on the two samples of each location are presented. For the site 

with OSTDS (Melaleuca Gardens), during the first sampling, the highest concentration 

was found in the sampling location #2 with a value of 4, 727 MPN/1 00 mL and the lowest 

concentration is found nearly at the end of the canal finger (location #4) with 3,212 

MPN/1 00 mL. For the second sampling, the highest concentration was found in the 

middle of the channel (location #3) with a value of9,450 MPN/100 mL and the lowest in 

at the entrance of the canal finger (location #2) with 7,229 MPN/100 mL. During the third 

sampling, the highest concentration was found at the end of the canal finger (location #5) 

with a value of 8,686 MPN/100 mL, the lowest value was detected in the location #3, 

4,914 MPN/100 mL. 

Fort he site with sewer (Sherman Street), during the first sampling, the highest 

concentration was found at the entrance of the canal finger (location #2) with 13,567 

MPN/100 mL and the lowest value was detected in the main channel (location #1) with 

7,933 MPN/100 mL. For the second sampling, the highest concentrations were found in 

the main channel and at the end of the canal finger with values of 19,166 MPN/100 mL 

and 19,683 MPN/100 mL respectively. The lowest concentration was found in the middle 

of the canal finger (location #3) with a value of 13,365 MPN/ 100 mL. For the third 

sampling, the highest concentration was found at the entrance of the canal (location #2) 

with 15,531 MPN/1 OOmL and the lowest in the main channel with 6,678 MPN/1 00 mL. 
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Table 3-19. Total Coliform Concentration in MPN/100 mL 

Relative 
Sampling - Sampling- Sampling-

Sites 2/7/2005 2/22/2005 3/8/2005 
Distance 

(MPN/100 ml) (MPN/100 ml) (MPN/100 ml) 

1 4 177 7 717 5 652 

Site w/ OSTDS -
2 4 727 7 229 6 357 
3 4 229 9 450 4 914 

Melaleuca Gardens 
4 3 212 8 164 6 910 
5 4 037 7 344 8 686 

1 7 933 19 166 6 678 

Site w/ sewer -
2 13 567 16 430 15 531 
3 9 506 13 365 8 945 

Sherman St 
4 10 502 14 681 7 069 
5 10 831 19 683 10 099 

Upstream -N Park 1 13 085 15 163 12 515 
Bridge 2 13 085 14 834 12 098 

30th Av Bridge 1 11 199 15 163 NA 
2 12 033 17 697 NA 

End Dania Cut-Off 1 5 203 7 398 NA 
Canal 2 4 030 8 038 NA 

Dania Beach 
1 944 2 082 3 990 
2 NA 1 729 3 282 

Average Total Coliform concentrations detected on the six sites are presented on 

Figure 3-8. For the site with OSTDS (Melaleuca Gardens), the average concentration for 

thethreesamplingdaysarerespectively4076MPN/100 mL, 7,981 MPN/100 mL and 

6,504 MPN/1 00 mL. For the site with sewer, Sherman Street, the average Total Coliform 

concentration measured were 10,467 MPN/ 100 mL, 16,350 MPN/100 mL and 9,654 

MPN/100 mL. For the upstream site on the North Park Bridge, the average Total 

Coliform concentrations detected were 13,085, 14,998 and 12,307 MPN/100 mL. For the 

SW 301
h Av Bridge, Total Coliform concentrations detected were 11,616 MPN/100 mL 

and 16,430 MPN/1 00 mL. Therefore higher concentrations were detected in upstream 

sites than in the OTSDS and sewered area. An adverse contribution from the presence of 

septic tanks is uncertain. 
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During the third sampling, a storm event occurred and therefore the SW 301
h A v 

location and the end of the Dania Cut-Off Canal have not been sampled. 

For the end of the Dania Cut-Off (END CANAL), Total Coliform concentrations 

measured were 4,616 MPN/100 mL and 7,718 MPN/100 mL. 

For the Dania Beach (BEACH), the average concentrations found are 944 

MPN/100 mL, 1906 MPN/100 mL and 3636 MPN/100 mL. Total Coliform 

concentrations tend to decrease downstream. It may be due to a dilution effect with the 

Atlantic Ocean. 

A net increase was observed for each site between the first and the second 

sampling of the dry season. During the third sampling, values of Total Coliform 

concentrations detected are in the same range as the first sampling. 
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Figure 3-8. Total Coliform concentrations - Dry Season Sampling 
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On Figure 3-9, Total Coliform concentrations versus their relative distance from 

the main channel were plotted for the OSTDS and sewer sites. For both sites, no apparent 

trend is shown concerning the evolution of Total Coliform levels along the canal. For the 

same sampling day and for the same relative distance from the same channel, Total 

Coliform concentrations levels in the sewered area are 1 to 3 times greater than levels 

found in the OSTDS site. 
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Figure 3-9. Total Coliform concentrations vs. Relative Distance From Main Channel 

Wet Season Sampling 

In terms of Total Coliform during the dry season, no contribution from OSTDS 

can be quantified as the site with sewer presents also high bacteria levels. OSTDS appears 

to work properly. 
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3.2.4.2 E. coli 

Results for the E. coli concentration measured are presented in Table B-5 

(Appendix B). In Table 3-20, an average of E. coli concentrations measured for each 

location are presented. For the site with OSTDS (Melaleuca Gardens), for the first 

sampling, E. coli concentration between 481 and 571 MPN/100 mL were found. Higher 

concentrations were detected during the following sampling event with value around 3 

times greater, around 1,500 MPN/1 00 mL, which violated the regulation for fecal 

coliform (no individual samples may exceed 800 MPN/1 00 mL- section 1.2.3.2). During 

the third sampling event, E. coli levels found were in a range between the first and second 

sampling days and some samples violated the regulation. 

The same trend was observed for the site with sewer with a net increase of E. coli 

level between the first and the second sampling event. The high level of E. coli detected 

during the second sampling violated the Florida regulation for fecal coliform. During the 

third sampling event, E. coli levels found were slightly lower than the concentrations 

found on 2/7/2005. 

For the upstream site, no similar trend was observed, E. coli levels stayed constant 

at around 400 MPN/1 00 mL for the first two samplings and a low decrease is observed 

for the third sampling. 

110 



Table 3-20. E. coli Concentrations - Dry Season 

Relative 
Sampling - Sampling-

Sampling - 3/8/2005 
Sites 2/7/2005 2/22/2005 

Distance 
(MPN/100 ml) (MPN/100 ml) 

(MPN/100 ml) 

1 571 861 1,161 

Site w/ OSTDS - 2 528 1,251 996 

Melaleuca 3 537 1,663 766 
Gardens 4 499 1,625 699 

5 481 1,790 1,190 

1 615 1,502 348 

2 397 1,379 412 
Site w/ sewer -

3 521 1,622 563 
Sherman St 

4 520 1,325 612 

5 607 2,463 613 

Upstream - N Park 417 393 255 
Bridge 342 444 275 .5 

SW 30th Av 181.5 1188.5 NA 
Bridge 259.5 1260.5 NA 

End Dania Cut-Off 407.5 882.5 NA 
Canal 321.5 1136 NA 

121 464.5 1244.5 
Dania Beach 

NA 408 1057.5 

Average E. coli concentrations measured at the six sites are presented on Figure 

3-10. The trends described above are seen clearly. A high level of E. coli during the 

second sampling is a general trend, except for North Park Bridge. The second upstream 

site, (SW 301
h Av) showed around the same level of E. coli the OSTDS site for the first 

and second sampling. As stated earlier for the Total Coliform, in terms of E. coli 

concentration, a contribution of OSTDS is not apparent. At the Dania Beach, low levels 

of E. coli were detected for the first and second sampling in comparison of levels found 

along the canal. A high average E. coli concentration of 1,151 MPN/1 00 mL was 

measured during the third sampling, violating the regulation. It may be due to the 
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difference in the sampling. As stated earlier, during the first two sampling, the seawater 

was collected from a pump located at the middle of the pier and for the last sampling, the 

water was collected with a bucket at the end of the pier. 
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Figure 3-10. E. coli concentrations - Dry Season Sampling 

On Figure 3-11, E. coli concentrations measured versus their relative distance 

from the main channel were plotted. Evolution of the concentration along the canal 

follows the same trend for both sites for the same sampling day. The second sampling has 

shown high level of E. coli violating the regulation. 
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Figure 3-11. E. coli concentrations vs. relative distance from main channel -Dry Season 

Sampling 

During the dry season sampling, no obvious differences were noticed between the 

OSTDS and the sewered area. A contribution of the OSTDS is not apparent during the 

dry season sampling. However, high levels of E. coli in several sites and at the Dania 

Beach were observed violating the Florida regulation. 

3.2.4.3 Enterococcus 

Results for the Enterococcus concentrations measured are presented in the Table 

B-6 (Appendix B). In 
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Table 3-21, average Enterococcus concentrations for each sampling location are 

shown. For the site with OSTDS, high level of Enterococcus were observed during the 

first sampling violating the Florida regulation in two locations, in the main channel and in 

the middle of the canal (#1 and #3), with levels greater than 104 MPN/100 mL. During 

the second and third sampling, lower Enterococcus concentrations were detected. 

For the site with sewer, the first and second sampling showed high levels of 

Enterococcus bacteria with concentrations violating the regulation at 6 locations (values 

greater than 104 MPN/100 mL). Lower levels were detected during the third sampling. 

Table 3-21. Enterococcus Concentration - Dry Season Sampling 

Relative Sampling -2/7/2005 
Sampling-

Sampling - 3/8/2005 
Sites 2/22/2005 (MPN/100 

Distance (MPN/100 mL) 
mL) 

(MPN/100 mL) 

1 108 69 26 

2 74 47 26 
Site w/ OSTDS -

3 121 47 31 
Melaleuca Gardens 

4 85 52 36 

5 98 47 25 

1 74 65 15 

2 97 81 36 
Site w/ sewer -

3 63 110 20 
Sherman St 

4 169 92 58 

5 96 170 63 

Upstream -N Park 1 74 36.5 57 
Bridge 2 84 52 42.5 

1 134 109.5 NA 
30th Av Bridge 

2 120 161 NA 

End Dania Cut-Off 1 63 177 NA 
Canal 2 31 443 NA 

1 0 0 5 
Dania Beach 

NA NA 5 2 

Average Enterococcus concentrations measured on the six sites are presented on 

Figure 3-12. For the site with OSTDS, Melaleuca Gardens (MG), the average 
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Enterococcus concentration has decreased with each sampling event; the level has been 

divided by 3.3 between the first and the third event. For the site with sewer, Sherman 

Street (SS), average Enterococcus concentrations measured were equivalent for the first 

two sampling with values around 100 MPN/1 00 mL. Then levels have decreased for the 

last sampling with a concentration divided by 2.7. 

For the upstream site, a decrease is also observed between the first and the last 

sampling but in a lower scale. In addition, the second sampling event showed the lowest 

levels of Enterococcus. 

High levels of Enterococcus were measured in the SW 301
h Av for the two first 

sampling events violating the regulation for all samples. At the end of the Dania Cut-Off 

Canal high levels of Enterococcus were observed during the second sampling but no 

adverse effect was measured at the beach. 
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Figure 3-12. Enterococcus concentrations - Dry Season Sampling 

On Figure 3-13, Enterococcus concentrations versus their relative distance from 

the main channel were plotted. No particular trend is shown. Only a net difference is 

shown between both sites during the second sampling event with higher level of 

Enterococcus detected in the site with sewer than levels found in the OSTDS site. During 

the dry season, no adverse effect of OSTDS is apparent in terms of Enterococcus 

concentration. 
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Figure 3-13. Enterococcus concentrations vs. relative distance from main channel - Dry 

Season Sampling 

During the dry season sampling, no obvious differences were noticed between the 

OSTDS and the sewered area. A contribution of the OSTDS is not apparent during the 

dry season sampling. 
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3.2.4.4 E. coli-/ Enterococcus ratio 

As stated earlier, the FC/FS ratio is typically less than 1 for animals and greater 

than 4 for humans. Ratios, in the range from 1 to 2, typically indicate that the pollution is 

derived equally from human and animal sources. In order to establish the origin of the 

observed contamination, the E. coli to Enterococcus ratios for each sampling day are 

presented in Table 3-22. For the first sampling event, for all sites ratios found are greater 

than 4 except for the 30th Av. During the following sampling events, high levels of E. coli 

and moderate levels of Enterococcus were detected and therefore ratios are elevated 

(> 1 0). Ratio results for the dry season sampling are inconclusive. 

Table 3-22. E. coli/ Enterococcus ratio - Dry season sampling 

Ratio E. coli/Enterococcus 

Sites 
Relative Sampling- Sampling- Sampling-
Distance 2/7/2005 2/22/2005 3/8/2005) 

1 5.3 12.5 44.7 

2 7.1 26 .6 38 .3 
Site w/ OSTDS -

3 4.4 35.4 24.7 
Melaleuca Gardens 

4 5.9 31.3 19.4 

5 4.9 38.1 47.6 

1 8.3 23.1 23 .2 

2 4.1 17.0 11.4 
Site w/ sewer -Sherman 

3 8.3 14.7 28.2 
St 

4 3.1 14.4 10.6 

5 6.3 14.5 9.7 

1 5.6 10.8 4.5 
Upstream -N Park Bridge 

2 4.1 17.1 6.5 

1 1.4 10.9 
30th Av Bridge 

2 2.2 15.7 

lEnd Dania Cut-off Canall 
1 6.5 5.0 

2 10.4 5.1 
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3.2.4.5 Beach Monitoring Program 

Results for the beach water quality from the Florida Department of Health are 

presented in Table 3-23. From 217/2005 to 317/2005, despite high level of bacteria 

detected along the canal, no adverse effect was observed at the beach with concentration 

of 0 to 34/100 mL of Enterococci, 34 or fewer Enterococcus geometric mean and 0 to 

199 MPN/lOOmL of fecal coliform. On 3114/2005, a higher level of Enterococcus was 

detected with a concentration of 35 to 103 MPN/1 00 mL, six days after the third sampling 

event. 

Table 3-23. Enterococcus and Fecal Coliform Concentration in MPN/100 mL (FDoH

http:/ /esetappsdoh.doh.state. fl. us/irmOObeachwaterO 

Sample Period Enterococcus Enterococcus Fecal Advisory I Warning 
Start Geometric Mean Coliform Issued 

2/7/2005 Good Good Good No 

2/14/2005 Good Good Good No 

2/21/2005 Good Good Good No 

2/28/2005 Good Good Good No 

3/7/2005 Good Good Good No 

3/14/2005 Moderate Good Good No 

3.2.5 Chemical Oxygen Demand 

Results for the dry season sampling event for the COD testing are presented on 

Table B-7 (Appendix B). Due to the high salinity levels observed during the dry season 

sampling campaign (> 20,000mg/L) and the interference of Chloride with the reagent, 
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results from the COD testing for the dry season are difficult to interpret. During the first 

and the third sampling events, samples were diluted ten times. Higher COD 

concentrations were detected on the OSTDS site. However, it is likely due to the fact that 

the salinity on the OSTDS site was two times higher than the salinity on the sewer site. 

During the second sampling event (2/22/2005), after a ten times dilution, 0.5 g of 

mercuric sulfate was added to each sample in order to increase the level of salinity 

allowable. However, the COD concentration detected showed that the dilution followed 

by the addition of mercuric sulfate were not helpful to estimate the actual COD 

concentration in the canal. 
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3.2.6 Dry Season Sampling Conclusion 

During the dry season, three sampling events were performed on six selected 

locations along the Dania Cut-Off/C-1 0 Canal. For the following parameters nitrate

nitrogen, E. coli, Enterococcus, equivalent levels were detected on the OSTDS and the 

sewer site. For the Total Coliform, about two times higher concentrations were detected 

on the measured on the sewer site. Despite high levels of Enterococcus detected during 

some of the dry season sampling event, concentrations measured at the beach by the 

FDoH were conformed to the regulation. 

The equivalent levels of the parameters monitored showed in the OSTDS and the 

sewer sites that no adverse contribution due to the presence of OSTDS was observed 

during the dry season sampling event. Septic systems appear to operate properly. The 

high levels of pathogens indicators measured along the canal did not influence the water 

quality of the beach. It raises the question about the mixing mechanism of the canal water 

with the ocean. 

Due to the salinity variability and despite improvement on the nitrate and COD 

testing, results accuracy for these parameters must be validated by further investigation. 
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3.3 Wet Season vs. Dry Season 

3.3.1 Water Consumption 

The water consumption oft he houses in the site with OSTDS, surrounding the 

Dania Cut-Off Canal is presented in Table 3-24. These houses are located on NW 1 01h 

and 1 th A venue, Dania Beach, FL. 

Table 3-24. Water ConsumQtion in 2004-2005 in Melaleuca Gardens (City ofDania 

Beach, FL} 

Consumption (in 1000 gallons) 
Location Sep. 04 Oct. 04 Nov. 04 Dec. 04 Jan. 05 Feb. 05 Mar. 05 

1 4 4 6 7 17 10 10 
2 21 12 13 14 9 14 22 
3 4 3 2 4 3 3 2 
4 10 8 9 10 9 9 11 
5 11 8 8 9 9 6 6 
6 4 7 7 5 7 10 7 
7 7 6 6 7 7 5 6 
8 14 11 11 10 12 33 9 
9 10 10 10 13 12 11 15 
10 9 7 9 21 37 34 24 
11 11 14 13 14 15 10 10 
12 7 4 6 6 7 5 19 
13 5 4 9 6 10 13 16 
14 10 8 6 8 8 8 10 
15 6 11 14 15 17 16 18 
16 24 4 8 9 12 7 8 

Monthly Total 157 121 137 158 191 194 193 

Daily Total 5.23 3.90 4 .57 5.10 6.16 6.93 11.35 

The total monthly water consumption is shown on Figure 3-14. Total Monthly 

Water Consumption - Houses SW 10 and 1th Av surrounding the Dania Cut-Off canal 

on Figure 3-14 A net difference between the consumption during the wet season sampling 

(October-November) event and the dry season sampling event (February-March) is 

noticed with an increase of more than 30 % between the two period. Even if we 
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considered that more water was used to irrigate lawn during the dry season, the study of 

the precipitation in 2004-2005 showed that there is little difference between October and 

January. Therefore, the increase of water consumption is likely due to an increase of 

residency. Consequently, there is an increase of wastewater discharge from OSTDS in the 

environment. 
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Figure 3-14. Total Monthly Water Consumption - Houses SW 10 and 1 ih Av 

surrounding the Dania Cut-Off canal 

3.3.2 Nitrate-Nitrogen 

On Figure 3-15, average nitrate concentrations measured during the wet and the 

dry season are presented. For the site with OSTDS (MG), an obvious difference between 

the nitrate concentrations is shown with a higher level detected during the wet season. For 

the site with sewer (SS) and the upstream site (NPB), no difference is noted between the 

two seasons. The increased concentration of nutrient in the OSTDS area during the wet 
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season can be due to a contribution of septic systems. During the dry season, as no 

differences is noted between the OSTDS and the sewered area, septic systems appear to 

operate properly. As stated earlier, results for nitrate concentrations need to be validated 

by further investigation due to the Chloride interference with the ion specific probe. 
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Figure 3-15. Nitrate concentration - Dry Season vs. Wet Season 

3.3.3 Microbes Indicators 

3.3.3.1 Total Coliform 

An average Total Coliform concentration for each sites and sample location are 

presented on Figure 3-16. MG 1 to MG5 represent the sample location 1 to 5 of the site 

with OSTDS (Melaleuca Gardens). SS 1 to SS5 represent the sample location 1 to 5 of the 

site with sewer (Sherman Street). For the site with OSTDS, Total Coliform 

concentrations measured were about two times higher during the wet season along the 
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canal finger .For the site with sewer, higher Total Coliform levels were detected during 

the dry season for 3 locations (1,2 and 5) but not for the location #4. For the upstream site 

(NPB), high levels of Total Coliform were detected during the dry season. 
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Figure 3-16. Total Coliform concentration--- Dry Season vs. Wet Season 

Average Total Coliform concentrations for each site for the wet and the dry season 

are presented on Figure 3-17. For the site with OSTDS, an obvious difference is apparent 

with higher Total Coliform levels during the wet season. For the site with sewer, average 

Total Coliform concentrations are about the same with a slightly increase for the dry 

season. For the upstream site, Total Coliform concentration was increased by a factor 5 

between the wet and the dry season. 
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Figure 3-17. Average Total Coliform concentrations- Wet vs. Dry Season 

If a part of the Total Coliform concentration is attributed to a contribution from 

OSTDS during the wet season, lower levels during the dry season seems to show that 

contribution has decreased and therefore septic systems operate properly. 

3.3.3.2 E. coli 

An average E. coli concentration for each sites and sample location are presented 

on Figure 3-18. For the site with OSTDS, E. coli concentrations measured were slightly 

higher during the dry season along the canal finger .For the site with sewer, a net increase 
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in E. coli levels was detected in the dry season. For the upstream site (NPB), also higher 

levels of E. coli were detected during the dry season. 
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Figure 3-18. E. coli concentrations - Wet vs. Dry Season 

Average E. c ali concentrations for each site for the wet and the dry season are 

presented on Figure 3-19. For the site with OSTDS, a slight increase is noted between the 

wet and the dry season. For the site with sewer, a net increase of E. coli levels is shown 

with an average 5 times greater during the wet season. For the upstream site, average E. 

coli concentration was also increased by a factor 5 between the wet and the dry season. 
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Figure 3-19. Average E. coli concentrations - Wet vs. Dry Season 

A net difference in E. coli level between the OSTDS and the sewer site was 

observed during the wet season sampling event. During the dry season, E. coli 

concentrations measured on both sites were equivalent but in a higher scale. If the 

difference between the E. coli levels during the wet season comes from a contribution of 

OSTDS, the effect of septic systems is reduced during the dry season. 

3.3.3.3 Enterococcus 

An average Enterococcus concentration for each sites and sample location are 

presented on Figure 3-20. For the site with OSTDS, Enterococcus concentrations 

measured were 2 to 4 times higher during the wet season along the canal finger. For the 

site with sewer, for the sample location #1 to #4, equivalent Enterococcus levels were 

measured. A decrease was observed for the sample location at the end of the canal finger 
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(#5). For the upstream site (NPB), equivalent levels of Enterococcus were detected 

O.uri.ng the O.ry and. wet season . 
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Figure 3-20. Enterococcus concentrations - Wet vs. Dry Season 

Average Enterococcus concentrations for each site for the wet and the dry season 

are presented on Figure 3-21. For the site with OSTDS, a net decrease in Enterococcus 

levels of about four folds is noted between the wet and the dry season. For the site with 

sewer, equivalent. For the upstream site, a sensible increase of Enterococcus 

concentration was observed. 
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Figure 3-21. Average Enterococcus concentrations - Wet vs. Dry Season 

A net difference in Enterococcus level between the OSTDS and the sewer site was 

observed during the wet season sampling event. Whereas the Enterococcus concentration 

in the OSTDS site decrease of about 4 times between the wet and the dry season, the 

Enterococcus level observed in the sewer site was unchanged. If the difference between 

the Enterococcus levels during the wet season comes from a contribution of OSTDS, the 

effect of septic systems is clearly decreased during the dry season. 

An estimation of the Enterococcus contribution is presented on Figure 3-22. The 

concentration measured on the upstream site corresponds to the background. The 

difference between the sewer site and the upstream site is the runoff concentration. The 

difference between the OSTDS site and the sewer site is an estimation contribution of 
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septic systems during the wet season, which represents more than 50 % of the total 

concentration of Enterococcus. 

0 Wet Season 0 Dry Season 

OSTDSSite Sewer Site 

Sample Location 
contribution 

Figure 3-22. Enterococcus contribution 
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3.3.4 Conclusion Wet Season vs. Dry Season 

Water consumption in the site with OSTDS (Melaleuca Gardens) was multiplied 

by 1.5 between the wet and the dry season, which means that more water was discharged 

into septic systems and in the environment. 

Fort heN itrate-Nitrogen concentration, for the OSTDS site, a net decrease was 

observed between the wet and the dry season, whereas the same levels were detected on 

the sewered area. 

For Total Coliform and Enterococcus, the same trend is apparent with a net 

concentration decrease between the wet and the dry season for the site with OSTDS, and 

equivalent concentrations were detected on the sewered area. 

For these three parameters, even if the OSTDS discharge has increased, the 

surface water quality of the canal finger located in Melaleuca Gardens has improved 

between the wet and the dry season. It could be due to a better operation of septic systems 

during the dry season and their input in the canal would be minimized and negligible. 
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However, an equivalent level of E. coli was observed during the wet and the dry 

season for the site with OSTDS. No decrease was observed but it can be compensated by 

the fact that during the dry season, E. coli levels in the sewer site were about the same as 

levels in the OSTDS site. It means that even if no decrease was observed, if a 

contribution o f E. c ali was apparent during the wet season, this contribution i s not so 

clear for the dry season. 
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Chapter 4. CONCLUSION 

Residential wastewater contains numerous pathogenic microorganisms, nutrients 

and potentially toxic, mutagenic or carcinogenic compounds. A proper disposal of this 

sewage is essential to protect the public health and the environment. Housing units, not 

connected to the public sewer, rely on septic systems to treat and discharge their sewage. 

In Florida, where the water is high during the wet season (May-October), septic 

tanks cannot operate properly due to the fact that the water table is above the drainage 

pipes and drainfield, interfering with the normal hydraulic specification. 

The Dania Cut-Off canal, located in Broward County, FL, controls the drainage of 

the cities of Hollywood and Dania Beach area and reaches the Atlantic Ocean in the Port 

Everglades Area. In these two cities, several residential communities, surrounded by the 

Dania Cut-Off/C-1 0 canal, rely on septic tank to treat and dispose their wastewater. 

This study focused on two similar sites located along the Dania-Cut Off canal to 

analyze the eventual contribution of septic tanks in the coastal canal in terms of nutrient 
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and pathogen indicators. Both selected sites are constituted of single-family residential 

units, one is connected to the public sewer and the second one relies on OSTDS. 

A sampling plan was developed and two sampling events were conducted, one 

during the wet season (October-November) when the water table is the highest, and the 

second one during the dry season (February-March) in order to compare the surface water 

quality of the OSTDS area with the sewered area. Upstream and downstream sites were 

selected in order to characterize the evolution of the water quality along the canal. 

The following characteristics were monitored: water quality parameters (pH, 

conductivity, Secchi disk, salinity), nitrate, microbial indicators (Total Coliform, E. coli 

and Enterococcus) and chemical oxygen demand. 

During the wet season, two sampling events were performed on three selected 

locations, a site with OSTDS (Melaleuca Gardens), a site with sewer (Sherman Street) 

and an upstream site (North Park Bridge) along the Dania Cut-Off/C-10 Canal. For each 

parameter, a net difference was observed between the site with OSTDS and the site with 

sewer, with higher concentrations detected on the site with OSTDS. In addition, several 

violations of the Florida regulation for recreational water in term of pathogens indicators 

were observed for both sites. During the same period, water conditions at the Dania 

Beach were reported as good by the Florida Department of Health. It raises the question 

of the mixing mechanism of coastal canal water with the ocean. 
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For the wet season sampling, the difference between both sites seems to show an 

adverse contribution of OSTDS in terms of nutrient and pathogen indicators. 

During the dry season, three sampling events were performed on six selected 

locations along the Dania Cut-Off/C-1 0 Canal. The equivalent levels of parameters 

monitored showed in the OSTDS and the sewer sites that no adverse contribution due to 

the presence of OSTDS was observed during the dry season sampling event. Septic 

systems appear to operate properly. Also high levels of pathogens indicators measured 

along the canal did not influence the water quality of the adjacent beach. 

In order to quantify the contribution of septic systems, a comparison of water 

quality of the wet and dry seasons was performed. Water consumption in the site with 

OSTDS was significantly increased between the wet and the dry season, which means 

that more water was discharged into septic systems and in the environment. 

For each parameter, except E. coli, a net concentration decrease was observed 

between the wet and the dry season in the OSDTS site. The surface water quality was 

significantly improved during the dry season, whereas for the sewer site, the water quality 

is unchanged. 

The comparison oft he wet and drys eason water quality tends to show that an 

adverse contribution of OSTDS was obvious during the wet season. During the dry 
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season, the equivalent surface quality of the water of both sites shows that no contribution 

can be input to septic systems. Therefore, OSTDS appear to operate properly during the 

wet season. 

From the results of this study, surface water quality of the Dania Cut-Off Canal is 

affected by the presence of OSTDS in terms of nutrients and pathogen indicators during 

the wet season when the water table is high and heavy precipitations occur. During the 

dry season, when the water table is low and only low precipitation occur, the surface 

water quality of the canal is not affected by the presence of OSTDS. In addition, no 

pollution from the canal seems to have affected the beach during the wet and the dry 

season. 

These conclusions need further investigation and a longer study period to be 

validated. The use of sewage tracers, such as caffeine, should be investigated in order to 

complete the validation of the model. 

136 



APPENDIX A. Results Wet Season 
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Table A-1. Water quality measurements - 10/2112004 

Disk 
Specific 

Conductivi 
Sample Name Time pH T (°C) 

Depth 
Secchi 

Conductivi 
ty 

DO 
(ft) ty (mg/L) 

(ft) 
(mS/cm) 

(mS/cm) 

2004- 10.21 - 1.1 5 :45PM 8 .10 27 .99 10' 1/4 2m25 36.90 39.00 5.68 

2004- 10.21 - 1.2 5 :35 PM 8 .10 27 .99 11 '3/4 2m25 36.50 38.60 5.69 

Site w/ 2004- 10.21- 1.3 5 :25 PM 8 .08 27.98 11' 2m25 36.30 38.40 5.71 

OSTDS-
Melaleuca 2004-10 .21-1.4 5 :15PM 8.08 27.98 11 ' 2m25 35.80 37.90 5.72 

Gardens 
2004- 10. 21 - 1.5 5 :05 PM 8.07 27.98 9 '3/4 2m 50 35.50 37.60 5.72 

2004-10 . 21 -1. 6 6 :20 PM 7.95 27 .83 11 ' 1/2 2m25 28 .60 30.00 5.95 

2004- 10.21-1.7 6 :25 PM 7.94 27.88 11' 1/2 2m25 27 .60 29 .00 5.90 
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Table A-2. Water quality measurements- 11/21/2004 

Relative 
Disk 

Site 
Distance 

pH T (OC) Depth 
Secchi 

sc Cond DO TDS 
from Main (ft) (mS/cm) (mS/cm) (mg/L) (mg/L) 
Channel 

(ft) 

2004-11.10-l.la 
9:45AM 7.91 25.22 11' 2m 50 37.4 37.60 4.77 24 .30 

2004-11.10-l.lb 

2004-11.1 0-1.2a 
9:35AM 7.89 25.15 12' 2m 50 37.4 37 .50 4 .79 23.00 

Site W/ 2004-11.10-1.2b 

OSTDS- 2004-11.10-1.3a 
9:30AM 7.89 25.21 13' 2m 50 37 37.70 4 .78 24.30 

Melaleuca 2004-11.10-1.3b 
Gardens 2004-11.1 0-1.4a 

9:15AM 7.88 25.17 12' 2m 50 36.3 36.50 4.81 23.28 
2004-11.1 0-1.4b 

2004-11.10-l.Sa 
9:05AM 7.81 25 9' 2m 50 34.2 34.20 4.66 23.75 

2004-11.10-l.Sb 

2004-11.10-S.la 
11:35 AM 7.62 24.53 11' 2m 50 9.9 9.80 5.57 6.42 

2004-11.10-S.lb 

2004-11.10-5.2a 
11 :40 AM 7.62 24.61 11' 2m 50 9.97 9.92 5.48 6.50 Site w/ 2004-11.10-5.2b 

sewer-
Sherman St 2004-11.10-5.3a 

11:50 AM 7 .57 24 .81 1' 2m 50 9.9 9.90 5.46 6 .60 
2004-11.10-5.3b 

2004-11.10-5.4a 
11:30 AM 7.56 24.82 8' 3m 50 10.2 10.18 5.44 

2004-11.10-5.4b 

2004-11.10-4.1a 
12:30 PM 7.27 24.77 6' 6' 4.08 4.07 5.6 2.70 Upstream- 2004-11.10-4.1b 

N Park 
Bridge 2004-11.10-4.2a 

12:40 PM 7.41 24.74 6' 6' 3.94 3.92 5.58 2.56 
2004-11.10-4.2b 
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Table A-3. Total Coliform concentrations - Wet season sampling 

Sampling Sampling 
10/20/2004 11/10/2004 

Total Coliform Total Coliform 
(MPN/100ml) (MPN/100ml) 

2004-1.1a 15,531 19,863 
2004-1.1b 12,033 12,997 
2004-1.2a 12,033 15,531 
2004-1.2b 8,164 12,997 
2004-1.3a 9,804 17,329 
2004-1.3b 8,664 12,997 

Site w/ OSTDS 2004-1.4a 11,199 14,136 
Melaleuca Gardens 2004-1.4b 9,804 19,863 

2004-1.5a 14,136 19,863 
2004-1.5b 7,701 14,136 
2004-1.6a 17,329 NA 
2004-1.6b 14,136 NA 
2004-1.7a 19,863 NA 
2004-1.7b 17,329 NA 

2004-2.1a NA 12,033 
2004-2.1b NA 12,033 
2004-2.2a NA 15,531 

Site w/ sewer 2004-2.2b NA 14,136 
Sherman Street 2004-2.3a NA 10,462 

2004-2.3b NA 12,997 
2004-2.4a NA 9 208 
2004-2.4b NA 1,086 

2004-3.1a NA 5,475 

Upstream - N Park 2004-3.1b NA 199 
Bridge 2004-3.2a NA 1,076 

2004-3.2b NA 3,654 
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Table A-5. Enterococcus concentrations - Wet season sampling 

Sampling 10/20/2004 

Enterococcus 
(MPN/100 ml) 

2004-1.1a 175 
2004-1.1b 269 
2004-1.2a 213 

Site w/ 2004-1.2b 216 
OSTDS 2004-1.3a 209 

Melaleuca 2004-1.3b 209 
Gardens 2004-1.4a 145 

2004-1.4b 110 
2004-1.5a 233 
2004-1.5b 148 

2004-5.1a 209 
2004-5.1b 132 

2004-5.2a 108 
Site w/ 
sewer 2004-5.2b 97 

Sherman 2004-5.3a 41 

Street 2004-5 .3b 63 
2004-5.4a 41 
2004-5.4b 20 

Upstream - 2004-4.1a 10 

N Park 2004-4.1b 63 

Bridge 2004-4.2a 10 
2004-4.2b 10 
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Table A-6. Chemical Oxygen Demand concentrations - Wet season sampling 

Absorba Transmittan Cone 
Correcte 

nee ce (%) (mg/L) 
d Cone 
(mg/L) 

2004- 1.1a 0.133 73.69 312 
2004-1.1b 0.127 74.54 300 
2004-1.2a 0.130 74.22 304 

Site with 
2004-1.2b 0.125 74.94 296 

OSTDS- 2004-1.3a 0.134 73.39 315 
Melaleuca 2004-1.3b 0.118 76.35 275 
Gardens 

2004-1.4a 0.124 75.18 291 
2004-1.4b 0.125 75.00 293 
2004-1.5a 0 .115 76 .66 270 
2004-1.5b 0.102 79.10 238 

2004-5 .1a 0.024 94.58 57 

2004-5.1b 0.032 92.87 75 

2004-5.2a 0.028 93.77 66 

Site with 2004-5.2b 0.025 94.33 60 

Sewer-
Sherman 

Street 
2004-5.3a 0.027 94.01 63 

2004-5.3b 0.022 95.03 52 

2004-5.4a 0.022 95.02 52 

2004-5 .4b 0.030 93 .34 70 

2004-4.1a 0.012 97 .22 29 

N Park 2004-4.1b 0.012 97.29 28 
Bridge 2004-4.2a 0.015 96.50 36 

2004-4.2b 0.011 97.42 27 

Site Melaleuca Gardens: 

• 
• 

Corrected COD= (Abs-0.086051 0204)/0.0004680272 

R2=0.98945 

• Standard: COD 30-75-150 mg/L and salinity 10 mg/L 

Site Sherman Street: 

• 
• 

Corrected COD= (Abs-0.0212261327)/0.0003761057 

R2=0.996321 

100 

87 

94 

83 

102 

68 

81 

83 

62 

34 

7 

29 

18 

10 

15 

2 

2 

23 

29 

28 

36 

27 

• Standard: COD 7-15-30-75-150 mg/L and salinity 2mg/L 

143 

Dilution 
Sample 

cone 
factor 

(mg/L) 

2 201 

2 175 

2 188 

2 166 

2 205 

2 137 

2 162 

2 166 

2 124 

2 68 

2 15 

2 57 

2 36 

2 20 

2 0 

2 0 

2 31 

2 4 

2 4 

2 47 

2 58 

2 56 

2 72 

2 54 
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...... 
~ 
Vl 

Melaleuca 
Gardens 

Sherman 
Street 

N Park 
BridQe 

30th Av 
BridQe 

End Dania 
Cut off 

2004·02 .07·1.1a 
2004·02 .07·1.1b 
2004·02 .07 ·1.2a 
2004·02 .07 ·1.2b 
2004·02 .07·1 .3a 
2004·02 .07 ·1.3b 
2004·02.07· 1.4a 
2004·02.07·1.4b 
2004·02.o7·1.5a 
2004·02 .07 ·1.5b 

2004·02 .07-2.1a 
2004·02.07-2.1b 
2004·02 .07 ·2 .2a 
2004·02 .07 ·2 .2b 
2004·02.07·2.3a 
2004·02 .07·2.3b 
2004·02 .07·2 .4a 
2004-02 .07-2.4b 
2004·02.07·2.5a 
2004·02.07·2.5b 

2004·02 .07 ·3 .1a 
2004·02 .07 ·3 .1b 
2004·02.07-3.2a 
2004-02 .07·4 .2b 

2005·02 .07-4 .1a 
2005·02.07·4 .1b 
2005·02.07-4.2a 
2005·02 .07-4 .2b 

2005·02 .07·5 .1a 
2005·02 .07·5.1b 
2005·02 .07 ·5 .2a 
2005·02 .07 ·5 .2b 

2005·02.07·6.1a 
2005·02 .07 ·6 .lb 

Time pH 

9:30AM 8.10 

9 :25AM 8 .16 

9:20AM 8.16 

9 :15AM 8.15 

9:10AM 8.15 

10:30 AM 7.88 

10 :30 AM 7.89 

10 :25 AM 7.91 

10 :20 AM 7.90 

10 :15 AM 7 .91 

11:00 AM 7.78 

11 :05 AM 7.77 

1 :30PM 7 .89 

12:50 AM 8.13 

Disk 
T (•c) Depth Sec chi (ft) 

(m) 

20.80 11 .0 2.3 

20.80 10 .6 2 .3 

20 .79 11 .5 2.5 

20.79 10 .8 2.4 

20.83 4 .7 2.5 

20.97 8.7 2 .9 

20.85 10 .5 3.0 

20.81 10 2.8 

20 .65 8 .9 2.7 

20.55 11 .3 2 .9 

20 .64 6.5' 2m 

20.84 7.2' 2 .2m 

22.63 7' 2 .2m 

21.04 NA NA 

sc Conductivity Resistance 00 
(mS/cm) (mS/cm) (Q.cm) (mo/L) 

55 .14 19 .74 50.60 7 .44 

55 .08 19.73 50 .67 7 .44 

54 .93 19 .78 50.51 7.45 

54.80 19 .83 50 .41 7.45 

55.53 19 .55 51.13 7.40 

41 .10 37.90 26.40 7 .90 

40 .91 37 .66 26.50 7 .90 

40 .75 37.50 26 .60 7 .95 

40 .90 .7.60 26.50 7.95 

40 .40 37.00 26.90 8 .07 

28.91 26 .40 38 .50 8 .46 

29 .25 26 .95 37 .09 8 .28 

25 .35 24 .26 40 .00 7 .39 

54 .15 50 .80 19.70 7 .32 

TDS 
(mo/L) 

35.82 

35.81 

35 .70 

35.65 

36.13 

26.70 

26 .60 

26 .53 

26 .66 

26 .35 

18 .48 

19.03 

16 .91 

35 .72 

Salinity 
(ppt) 

36.59 

36.58 

36.45 

36.41 

36.92 

26.35 

26 .22 

26.17 

26 .29 

25.90 

17 .65 

18.14 
--- -

15 .90 

36.48 

I 

...., 
~ 
~ 
to 

I ...... 

~ e 
~ 

~ 
(1) 
P' 
til 

~ a a 
til 

I 
0 
N 

---0 
-....) 

N 
0 
0 
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Melaleuca 
Gardens 

Sherman 
Street 

....... I ~ 
0\ 

N Park 
Bridge 

30th Av 
Bridge 

End Dania 
Cut off 

2004-02 .22-1.1a 
2004-02.22-1 .1b 
2004·02.22·1.2a 
2004-02.22·1.2b 
2004·02.22-1.3a 
2004-02.22-1.3b 
2004-02 .22·1.4a 
2004-02 .22-1.4b 
2004·02 .22·1.5a 
2004·02.22·1.5b 

2004-02 .22-2 .1 a 
2004·02.22-2 .1b 
2004-02.22-2 .2a 
2004-02.22-2 .2b 
2004·02.22·2.3a 
2004·02 .22·2 .3b 
2004-02 .22·2 .4a 
2004·02 .22·2 .4b 
2004-02 .22·2.5a 
2004-02 .22 -2 .5b 

2004-02.22·3.1a 
2004·02.22·3.1b 
2004·02 .22·3 .2a 
2004·02.22-4 .2b 

2005·02 .22-4 .1a 
2005·02 .22-4 .lb 
2005· 02 .22 ·4 .2a 
2005· 02 .22-4 .2b 

2005·02.22·5.1a 
2005· 02 .22 ·5 .1b 
2005·02 .22·5.2a 
2005-02.22·5.2b 

2005·02.22·6 .1a 
2005·02.22·6 .1b 

Time pH T (•C) 

9:05AM 8.19 22.79 

9 :00AM 8 .19 22 .78 

8:55AM 8.20 22 .79 

8:50AM 8 .22 22 .79 

8:45AM 8 .27 22.80 

110:10 AMI 8.01 I 23.83 I 

110:05 AMI 7.96 I 23.17 I 

10:00 AM I 8.10 I 23 .55 I 

9:55 AM I 7.94 I 23 .23 I 

I 9 :50AM I 7.94 I 23.28 I 

10 :40 AM 7 .69 22 .95 

10:50 AM 7.61 22.95 

1 :00PM 8.oo 23.44 

12 :20 PM 8.19 23 .15 

Depth Disk 

(ft) Sec~)hl 
Cm 

10' 2.5 

11' 2.5 

11' 2 .8 

11' 4 .0 

9' 2.8 

9' I 1.5 

10' I 1 .8 

10' I 1 .8 

8' I 2.0 

12' I 2 .0 

5' 5' 

6' 6' bo 

6' 6' bot 

16' 2.5 

sc Conductivity Resistance 
(mS/cm) (mS/cm) (tl.cm) 

56.54 54.15 18 .46 

56.39 54 .00 18.52 

56 .11 53.74 18.60 

56 .26 53 .91 18.54 

57 .67 55 .24 18.10 

I 37 .27 I 36 .49 I 27.41 I 

I 36.73 I 35.45 I 28.24 I 

I 36.77 I 35 .72 I 27 .90 I 

I 36 .75 I 35.50 I 28.20 I 

I 36 .76 I 35 .54 I 28.06 I 

20 .96 20.14 49 .64 

19 .75 19.01 52.59 

51.04 49 .50 20 .19 

57.75 55 .72 17 .93 

58.35 

DO TDS 
(mg/l) (mo/l) 

6.12 36 .76 

6 .13 36 .65 

6 .13 37 .31 

6 .13 37 .47 

6 .08 38 .48 

6 .17 I 24 .23 

6.43 I 23.85 

6 .27 I 24.00 

6 .48 I 23 .87 

6 .51 I 23.98 

6 .99 13.68 

7 .01 12 .86 

5.98 33.17 

5 .93 37 .57 

Salinity 
(ppt) 

37.66 

37 .52 

37 .31 

37.47 

38.48 

I 23.58 

I 23.30 

I 23 .42 

I 23 .24 

I 23 .37 

12 .65 

11 .81 

33 .51 I 

38.58 

...., 
!} 
(i" 

to 
I 

N 

~ 
~ 
(1) 
'"1 

~ 
(1) 
~ en 

~ 
3 
(1) 

a 
en 
I 

0 
N 
~ 
N 
~ 
0 
0 
Vl 



m~ 

2004·03.08·1.1a 2.5 
2004·03.08·1.1b 
2004·03 .08·1.2a I 8 :50 AM I 8.01 I 2.07 I 11' I 2 .5 
2004·03 .08· L2b 

Melaleuca 12004·03 .08·1.3a 
Gardens 2004-03 .08·1 .3b 

18:45 AM I 8 .01 I 22 .o6 I 12' I 2.5 

2004·03.08·1.4a I 8:40 AM I 7.98 I 22 .06 I 10' I 3.0 
2004·03 .08·1.4b 
2004·03.08·1.5a I 8:35 AM I 7 .94 I 22.03 I 11"1/2 I 2.0 
2004-03.08·1.5b 

2004 · 03 .08·2 .1a 10:10 AM 7.54 22.87 12' 2.5 
2004·03 .08·2 .1b 
2004·03 .08·2.2a 10:05 AM 7 .56 22 .75 11' 2.0 
2004·03 .08·2.2b 

Sherman 2004·03 .08·2 .3a 9 :55AM 7.57 22.70 12' 2 .0 
Street 2004·03 .08·2 .3b 

2004·03 .08·2 .4a 9 :50AM 7.59 22.57 7' 2 .0 
2004·03 .08·2 .4b - 2004·03.08·2 .sa 9:40AM 7 .58 22 .42 11' 2.0 
2004·03.08·2.5b 

~ 
-....) 

2004·03 .08·3.1a 10:30 AM 7.59 22 .55 5'1/2 bot 
N Park 2004·03 .08·3.1b 
Bridge 2004·03 .08·3 .2a 10:40 AM 7.56 22.56 6' bot 

2004·03 .08·4 .2b 

2005·03 .08-4 .la 
30th Av 2005·03 .08·4.1b NA I NA I NA I NA I NA Bridge 2005·03 .08-4 .2a 

2005·03.08-4.2b 

2005·03.08·5.1a 
End Danial2005·03 .08·5.1b 

Cut off 2005·03.08-5.2a I NA I NA I NA I NA I NA 

2005·03 .08·5 .2b 

2005·03 .08-6 .la I12 :00PMI6.21I 21.41 I NA I NA 
2005·03 .08·6 .lb 

I SC I Conductivity I Resistance I DO I TDS I Salinity 
(mS/cm) (mS/cm) (O.cm) (mg/l) (mg/l) (ppt) 

I 56 .48 I 53 .29 I 18 .77 I 6.07 I 36.68 I 37.57 

I 56.07 I 52 .93 I 18.91 I 6.08 I 36 .41 I 37.24 

I 56.07 I 52 .94 I 18 .88 I 6.09 I 36.46 I 37 .32 

I 55.84 I 52.65 I 18 .99 I 6.09 I 36.26 I 37.08 

I 56 .06 I 52.90 I 18.89 I 6 .10 I 36.48 I 37.34 

33.09 31.75 31.48 6 .31 21.52 20.75 

33.08 31.66 31.55 6 .36 21.54 20.77 

32 .40 31 .04 32 .20 6.40 21.20 20.36 

33.19 32.00 31.10 6.39 21.91 21.05 

30.69 29.10 33.80 6 .59 19 .70 18.85 

15.88 15.12 65 .76 6 .91 10.35 9.32 

15.54 14 .81 67 .55 6 .91 10 .69 9.67 

I NA I NA I NA I NA I NA I NA 

I NA I NA I NA I NA I NA I NA 

I 61.09 I 57.46 

....., 

~ 
(b' 

IJ:l 
w 
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~ a 
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Table B-4. Total Coliform concentrations - Dry season sampling 

Sampling 2/7/2005 Sampling 2/22/2005 Sampling 3/8/2005 

Total Coliform Total Coliform Total Coliform 
(MPN/100mL) (MPN/100ml) (MPN/100ml) 

2005-1.1a 4,106 9,804 8,164 

2005-1.1b 3,968 4,884 9,208 

2005-1.2a 2,987 8,164 9,208 

Site w/ 
2005-1.2b 3A36 8,164 4,611 

OSTDS 2005-1.3a 4,106 11,199 5A75 
Melaleuca 2005-1.3b 4,352 7J01 4,352 
Gardens 

2005-1.4a 4,884 8,664 7,701 

2005-1.4b 4,569 5,794 5,012 

2005-1.5a 3J84 8,164 6,131 

2005-1.5b 4,569 7,270 5,172 

2005-2.1a 8,664 > 2419.6 12,033 

2005-2.1b 12,997 19,863 8,164 

2005-2.2a 9,804 17,329 7,270 

Site w/ 
2005-2.2b 11,199 12,033 6,867 

sewer 2005-2.3a 9,804 11,199 15,531 
Sherman 2005-2.3b 9,208 15,531 2,359 

Street 
2005-2.4a 14,136 15,531 15,531 

2005-2.4b 12,997 17,329 15,531 

2005-2.5a 7,701 14,136 6,867 

2005-2.5b 8,164 24,196 6,488 

2005-3 .1a 14,136 19,863 12,997 

N Park 2005-3.1b 12,033 10,462 12,033 
Bridge 2005-3 .2a 12,033 14,136 12,997 

2005-3.2b 14,136 15,531 11,199 

2005-4.1a 11,199 12,997 NA 

30th Av 2005-4.1b 11,199 17,329 NA 
Bridge 2005-4.2a 12,033 19,863 NA 

2005-4.2b 12,033 15,531 NA 

2005-5.1a 5J94 6,131 NA 

End Dania 2005-5 .1b 4,611 8,664 NA 
Cut off 2005-5.2a 4,611 6,867 NA 

2005-5.2b 3A48 9,208 NA 

2005-6.1a 1,134 2A89 3,873 

Dania 2005-6.1b 754 1,674 4,106 
Beach 2005-6.2a NA 1,729 2,909 

2005-6.2b NA NA 3,654 
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Table B-5. E. coli concentrations- Dry season sampling 

Sampling 2/7/2005 Sampling 2/22/2005 Sampling 3/8/2005 

E. coli {MPN/100mL) E. coli (MPN/100mL) E. coli (MPN/100mL) 

2005-1.1a 480 2,064 1,169 

2005-1.1b 481 1,515 1,211 

2005-1.2a 388 1,467 788 

Site w/ 
2005-1.2b 609 1,782 609 

OSTDS 2005-1.3a 441 1,904 759 
Melaleuca 2005-1.3b 633 1,421 772 
Gardens 

2005-1.4a 474 1,301 982 

2005-1.4b 581 1,201 1,010 

2005-1.5a 683 622 1,191 

2005-1.5b 459 1,100 1,130 

2005-2.1a 650 3,255 563 

2005-2.1b 563 1,670 663 

2005-2.2a 431 1,439 495 

Site w/ 
2005-2.2b 609 1,211 728 

sewer 2005-2 .3a 404 1,789 622 
Sherman 2005-2.3b 638 1,455 504 

Street 
2005-2.4a 379 320 1,421 

2005-2.4b 414 1,336 504 

2005-2.5a 573 1,222 345 

2005-2 .5b 657 1,782 350 

2005-3.1a 399 450 341 

N Park 2005-3.1b 435 336 169 
Bridge 2005-3.2a 301 638 364 

2005-3.2b 383 250 187 

2005-4.1a 243 1,043 NA 

30th Av 2005-4.1b 120 1,334 NA 
Bridge 2005-4.2a 288 1,287 NA 

2005-4.2b 231 1,234 NA 

2005-5 .1a 422 689 NA 

End Dania 2005-5 .1b 393 1,076 NA 
Cut off 2005-5 .2a 241 1,081 NA 

2005-5.2b 402 1,191 NA 

2005-6.1a 132 441 1,607 

Dania 2005-6.1b 110 488 882 
Beach 2005-6 .2a NA 408 985 

2005-6.2b NA NA 1130 
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Table B-6. Enterococcus concentrations - Dry season sampling 

Sampling Sampling Sampling 
2/7/2005 2/22/2005 3/8/2005 

Enterococcus Enterococcus Enterococcus 
(MPN/lOOmL) (MPN/lOOmL) (MPN/lOOmL) 

2005- l.la 98 52 20 

2005-l.lb NA 41 30 

2005-1 .2a 85 41 41 

Site w/ 
2005-1.2b NA 62 31 

OSTDS 2005-1.3a 121 31 52 
Melaleuca 2005-1.3b NA 63 10 
Gardens 

2005-1.4a 74 52 10 

2005-1.4b NA 41 41 

2005-1.5a 108 63 20 

2005-1.5b NA 75 31 

2005-2. la 96 265 62 

2005-2.lb NA 74 63 

2005-2.2a 169 86 52 

Site w/ 
2005-2.2b NA 98 63 

sewer 2005-2.3a 63 110 20 
Sherman 2005-2.3b NA 110 20 

Street 
2005-2.4a 97 121 52 

2005-2.4b NA 41 20 

2005-2.5a 74 110 10 

2005-2.5b NA 20 20 

2005-3.la 74 63 51 

N Park 2005-3 .1b NA 10 63 
Bridge 2005-3 .2a 84 52 75 

2005-3.2b NA NA 10 

2005-4.la 134 110 NA 

30th Av 2005-4.1b NA 109 NA 
Bridge 2005-4.2a 120 161 NA 

2005-4.2b NA NA NA 

2005-5 .1a 63 144 NA 

End Dania 2005-5.lb NA 210 NA 
Cut off 2005-5.2a 31 443 NA 

2005-5.2b NA NA NA 

2005-6.la 0 0 0 

Dania 2005-6.lb 0 0 10 
Beach 2005-6.2a NA NA 10 

2005-6.2b NA NA 0 
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Table B-7. Chemical Oxygen Demand concentrations - Dry season sampling 

2005-1.1a 0 .129 60.35 516 2 0.017 96.28 39 10 0 .033 92.73 77 10 
2005-1 .1b 0 .032 92 .86 75 10 0.019 95.73 44 10 0 .047 89 .67 111 101 
2005-1 .2a 0.218 60.54 512 2 0 .010 97.63 25 10 0.029 93.46 

'~ 2005·1 .2b NA NA NA NA 0 .013 96.91 32 10 0 .040 91.25 
MelaleuC4 2005·1 .3a 0.22 60.25 517 2 0 .016 96 .32 38 10 0.039 91 .34 
Gardens 2005-1.3b 0 .04 91.3 93 10 0 .014 96.74 34 10 0 .046 89.90 

2005·1.4a 0.237 58.02 556 2 0.010 97 .64 25 10 0.032 92 .84 76 10 
2005·1 .4b NA NA NA NA 0 .014 96 .79 33 10 0.041 90.95 97 10 
2005-1.5a 0 .242 57.39 570 2 0 .012 97.21 29 10 0.026 94.23 61 10 
2005-1.5b 0.034 92.43 80 10 0.016 96.25 38 10 0.044 90.42 103 10 

2005·2.1a 0 .103 78.94 241 2 0.006 98 .65 14 10 0.019 95.66 45 10 
2005-2 .1b 0.025 94 .5 58 10 0 .017 96 .14 41 10 0.021 95 .31 49 10 
2005-2.2a 0.097 80.07 227 2 0 .006 98.50 14 10 0.02 95.44 48 10 

9 0.011 97 .50 26 10 0.019 95 .76 44 10 
Sherman NA NA NA NA 0 .007 98 .47 16 10 0.018 95 .95 42 10 

Street 0.017 96 .17 40 10 0.019 95 .73 44 10 
2005-2.4<'1 0 .101 79.35 236 2 0 .004 98.81 10 10 0.018 95.85 43 10 
2005-2 .4b NA NA NA NA 0 .013 97 .14 29 10 0.02 95 .49 47 10 
2005-2 .5a 0.094 80.52 221 2 0.005 98 .92 1 10 0 .018 95 .85 4: 11 
2005·2 .5b 0 .017 96 .13 40 10 0 .018 95 .93 43 10 0 .02 95 .6 4 

2005·3.1a 0.063 86.45 149 2 0.003 99.33 7 10 0.011 97 .55 25 10 
N Park 2005-3.1b 0.01 97 .65 24 10 0 .005 98 .97 11 10 0 .009 97 .95 21 10 
BridQe 2005-3 .2a 0 .076 84 178 2 0.01 97.65 24 10 

2005-3.2b NA NA NA NA 0 .007 98 .47 15 10 0 .01 97 .81 23 10 

2005-4 .1e 0 .055 88 .2 128 2 0 .007 98 .35 17 10 NA NA NA NA 
30th Av 2005-4 .1b 0.008 98 .21 19 10 0 .013 97 .05 31 10 NA NA NA NA 
BridQe 2005-4 .2e 0.053 88.53 124 2 N NA NA 

2005-4.2b NA NA NA NA 0 .015 96 .51 36 10 NA NA NA NA 

2005·5 .1a 0.247 56.86 581 2 0 .011 97 .38 28 10 NA NA NA NA 
End Dania 2005-5 .1b 0 .031 93.05 73 10 0.017 96 .13 40 10 NA NA NA NA 

Cut off 2005-5 .2a 0.224 59.71 527 2 NA NA NA NA NA NA NA NA 
2005-5.2b NA NA NA NA 0.010 97 .63 24 10 NA NA NA NA 

2005-6 .1a 0 tOOl Ol 10 0.02 95.46 471 10( 0.04 91.21 941 10 
Dania 2005-6 .1b 0 .275 53.151 6451 2 0 .016 96 .30 38 NA NAI NAI NA 
Beach 2005-6.2<'1 NA NAI NAI NA NA NA NAI NAI 0 .048 B Z005·6.2b NA NAI NAI NA NA NA NAI NAI 0.036 91 .98 8 

151 



APPENDIX C. Hourly Weather Data - Sampling Events 
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Table C-1. Hourly Weather Data - 10/21/2004 

Time Condition 
Felt Dew 

Humid. Vi sib. 
Press. 

Wind 
like Point (mbar) 

12:53 AM "' ;:> Fair 23°C 23oc 22oc 96% 16.1 km 1,013.50 From NW 8km/h 

1:53AM ~~ ~ Partly Cloudy 23°C 23°C 22°C 96% 16.1 km 1,012.90 From W 10km/h 

2 :53AM ~ Fair 22°C 22oc 22°C 100% 16.1 km 1,012.20 From NNW 5km/h 

3:53AM . 

~ Fair 22°C 22°C 22oc 100% 16.1 km 1,012.20 calm 

4 :53AM ~ Fair 23°C 23°C 230C 100% 16.1 km 
~ 

1,011.90 From WNW 10km/h 

5:53AM ~:"'"~ Fair 23°C 23oc 23oc 100% 16.1 km 
II 

calm -~ 1,012.50 

6 :53AM h~ ....:....-; 
Partly Cloudy 23°C 23°C 23oc 100% 16.1 km 1,012.90 From WNW 5km/h 

7:53AM 0 "' Fair 23°C 23°C 23°C 100% 16.1 km 1,013.20 From NW 10km/h 

8:53AM ('.i Fair 24°C 26°C 230C 96% 16.1 km 1,013.50 From NNW 8km/h 

9 :53AM Q . Partly Cloudy 26°C 29°C 24°C 88% 16.1 km 1,014.20 From N 11km/h 

10 :53 AM ~: Partly Cloudy 27°C 31°C 24°C 87% 16.1 km 
f1 

From NNW 1,013.90 

11 :53 AM G Partly Cloudy 29°C 33°C 24°C 74% 16.1 km 1,013.50 From N 10km/h 

12 :53 PM . Partly Cloudy 29°C 33°C 24°C 74% 16.1 km 
i' 

1,012.90 From ENE 10km/h 

1:53PM . Partly Cloudy 28°C 32°C 24°C 79% 16.1 km 1,012.20 FromE 13km/h 

2:53PM ! Partly Cloudy 28°C 31°C 23oc 76% 16.1 km 1,011.50 FromE 11km/h 

3:53PM Partly Cloudy 27°C 31°C 24°C 82% 16.1 km 1,011.20 From ENE 16km/h 

4 :53PM Partly Cloudy 26°C 28°C 23°C 80% 16.1 km 1,011.20 From N 11km/h 

5:53PM , Partly Cloudy 27°C 30°C 23°C 81% 16.1 km 1,011.50 calm 

6 :53PM @ Mostly Cloudy 26°C 28°C 22°C 79% 16.1 km 
I" 

1,011.50 From NNE 11km/h 

v~;,,~ 16.1 km 
~ 

10km/h 7:53PM Partly Cloudy 26°C 28°C 230C 84% 1,012.20 From NNE _, 
8:53PM ~i~ Partly Cloudy 26°C 28°C 230C 87% 16.1 km 1,012.20 From NNE 10km/h 
~ 

9:53PM ~;i Partly Cloudy 25°C 27°C 23°C 90% 16.1 km 1,012.20 From NE 10km/h ............., 

10:53 PM -li#::~ Partly Cloudy 25°C 270C 230C 88% 16.1 km 1,012.50 From NE 10km/h 
~ 

11:53 PM ~l Partly Cloudy 26°C 29°C 25°C 94% 16.1 km 
I' 

1,012.20 From NE 10km/h 
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Table C-2. Hourly Weather Data - 10/2112004 

Time Condition Felt like 
Dew 

Humid . Visib . Press. Wind 
Point 

12:14 AM ~ Cloudy 24°C 26°C 21°C 83% 16.1 km 1,020.30 From ENE 37km/h 

12 :53 AM ~ 
~ ~ .... Light Ra in 23°C 2JOC 21°C 87% 14.5 km 1,020.30 FromE 39km/h 

1:53AM ·~~ Cloudy 24°C 25°C l9°C 76% 16.1 km 
ll 

1,020.00 From ENE 29km/h 

2 :53AM ~) Cloudy 24°C 25°C l9°C 76% 16.1 km 1,019.60 From ENE 37km/h 

3:53AM ~ Cloudy 24°C 24°C l8°C ··- 71% 16.1 km 
~ 

1,020 .00 From ENE 35km/h 

~ 4 :53AM Cloudy 24°C 24°C l7°C 66% 16.1 km 1,020. 70 From ENE 35km/h 

""' 
5 :53AM ~~ Cloudy 24°C 24°C l8°C 71% 16.1 km 1,021.00 From ENE 29km/h 

""'· 
6 : 53AM~ Mostly Cloudy and 

25°C l9°C 73% 16.1 km 1,021. 70 From ENE 40km/h 
Windy 24°C 

7 :53 AM~l Mostly Cloudy 24°C 25°C l9°C 71 % 16.1 km 1,022.00 From ENE 37km/h 

8 : 53AM~, Partly Cloudy 25°C 26°C l8°C 66% 16.1 km 1,022.40 From ENE 37km/h 

9 :53AM Mostly Cloudy 25°C 26°C l9°C 69% 16.1 km 1,023.40 From ENE 34km/h 

10 :53 AM Mostly Cloudy 26°C 27°C l9°C 64% 16.1 km 1,023.40 From ENE 37km/h 

11 :53 AM Mostly Cloudy 26°C 27°C l8°C 62% 16.1 km 1,022. 70 From ENE 34km/h 

12:53 PM Partly Cloudy 27°C 28°C l8°C 58% 16.1 km 1,022.00 From ENE 37km/h 

1:53PM Partly Cloudy 27°C 27°C l6°C 52% 16.1 km 1,021.30 From ENE 27km/h 

2:53 PM Partly Cloudy 26°C 27°C l8°C 60% 16.1 km I' 1,020.70 From ENE 32km/h 

3:53PM ; Partly Cloudy 26°C 27°C l8°C 62% 16.1 km 1,020.70 From ENE 27km/h 

4 :53PM ~ Partly Cloudy 25°C 26°C l6°C 58% 16.1 km 1,021.00 FromE 24km/h 

5:53PM J~':i Partly Cloudy 24°C 24°C l8°C 69% 16.1 km 1,021.30 From ENE 26km/h -
6:53 PM ~. Mostly Cloudy 23°C 2JOC 21°C 85% 16.1 km 1,021. 70 From ENE 29km/h 

7:31PM ~ Rain 22°C 22°C 22°C 100% 3.2 km 1,022.40 FromE 19km/h 

~ 7:38PM 
1 ~ ., 

Rain 22°C 22°C 22°C 100% 6.4 km 1,022.40 From ENE 14km/h 

7 :53 PM ~ Cloudy 23°C 23°C 21°C 

""" 
90% 16.1 km 

~ 
1,022.00 From ENE 34km/h 

8:53PM ~ Mostly Cloudy 23°C 23°C 21°C 85% 16.1 km 1,022.70 FromE 35km/h 

9 :53 PM ~ Mostly Cloudy 24°C 25°C 20°C 79% 16.1 km 
~ 

1,022.00 FromE 34km/h 

10 :53 PM ·~ Mostly Cloudy 24°C 26°C 21°C 82% 16.1 km 1,022.00 FromE 29km/h 

11 :53 PM ~ Cloudy 24°C 24°C l8°C 69% 16.1 km 1,021. 70 FromE 34km/h 
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Table C-3 . Hourly Weather Data - 02/07/2005 

Time Condition 
Felt Dew 

Humid. Vi sib. 
Press. 

Wind 
like Point (mbar) 

12:53 AM l~- Mostly Cloudy 21 oc 21 °C lQOC 51% 16.1 km 1,021.30 FromE 26km/h 

1:53AM 6 Cloudy 21 °C 21°C 13°C 63% 16.1 km 1,020.70 From ENE 23km/h 

2:53AM :i Mostly Cloudy 21 °C 21°C 12°C 58% 16.1 km 1,020.30 From ENE 24km/h 

3:53AM Mostly Cloudy 21 oc 21°C 12oc 57% 16.1 km 1,020.00 FromE 23km/h 

4 :53AM .. -~~ Partly Cloudy 21 °C 21°C lQOC 51% 16.1 km 1,019.60 FromE 23km/h 

5:53AM ~ ~ Mostly Cloudy 21 °C 21°C 12oc 57% 16.1 km 1,020.00 From ENE 19km/h 

6 :53AM ~ ~ Mostly Cloudy 21 °C 21 °C l2°C 58% 16.1 km 1,020.70 From ENE 24km/h 

7:53AM Mostly Cloudy 21 oc 21oc 11°C 53% 16.1 km 1,021.00 From ENE 21km/h 

8 :53AM Mostly Cloudy 21 °C 21°C lQOC 49% 16.1 km 1,021.30 FromE 19km/h 

9 :53AM Mostly Cloudy 23°C 230C l1°C 45% 16.1 km 1,021. 70 From ENE 23km/h 

10:53 AM Mostly Cloudy 22°C 22°C 12oc 55% 16.1 km 1,021. 70 From ENE 23km/h 

11 :53 AM ·~ Mostly Cloudy 23°C 23°C l1°C 46% 16.1 km 1,021.00 From NE 23km/h 

12:53 PM Partly Cloudy 24°C 230C lQOC 41% 16.1 km 1,020.70 From ENE 24km/h 

1:53PM Partly Cloudy 24°C 24°C l1°C 44% 16.1 km 1,019.30 From ENE 23km/h 

2 :53PM Partly Cloudy 23°C 230C l1°C 46% 16.1 km 1,019.30 From NNE 24km/h 

3:53PM Partly Cloudy 23°C 23°C lQOC 44% 16.1 km 1,018.60 From NE 21km/h 

4:53PM Partly Cloudy 22°C 22oc l1°C 48% 16.1 km 1,019.00 From NNE 19km/h 

5:53PM ~ Mostly Cloudy 22°C 22°C 12oc 55% 16.1 km 1,019.30 From NNE 21km/h 

6:53 PM ~ Cloudy 22°C 22°C 12°C 53% 16.1 km 1,019.60 From NNE 21km/h 

7:53PM ~ Mostly Cloudy 21 °C 21°C l2°C 55% 16.1 km 1,019.60 From NE 21km/h 

8 :53 PM ~ Cloudy 21 °C 21°C l2°C 57% 16.1 km 1,019.60 From ENE 21km/h 

9:53PM ~ Cloudy 21 °C 21°C l2°C 55% 16.1 km 1,019.30 From ENE 19km/h 

10:53 PM ·~ Mostly Cloudy 21 °C 21°C l1°C 51% 16.1 km 1,020.00 From NE 21km/h 

11 :53 PM J~} 
~(' ~ 

Partly Cloudy 21 °C 2PC lQOC 51% 16.1 km 1,019.30 From ENE 21km/h 
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Table C-4. Hourly Weather Data - 02/22/2005 

Time Condition 
Felt Dew 

Humid. Vi sib. 
Press. 

Wind 
like Point (mbar) 

12:53 AM ~ 
Partly Cloudy 

l8°C l6°C 84% 16.1 km 1,021.00 calm 
l8°C 

1:53AM ~ Fair l8°C l8°C l6°C 87% 16 .1 km 1,020.70 calm 

2:53AM ~ Fair l7°C 17oc l6°C 90% 16.1 km 1,020.00 calm 

3:53AM I ~~ Fair l7°C 170C l5°C 90% 16.1 km 1,020.00 calm 

4:53AM ~ Fair l8°C l8°C l6°C 87% 16.1 km 1,020.30 calm 
' 

5 :53AM ,.4~ 
Partly Cloudy 

l8°C l5°C 84% 16.1 km 1,020. 70 calm 
l8°C -......,.., 

Sunrise at 6:50AM 

6:53AM 0 Fair l7°C 170C l6°C 90% 16.1 km 1,021.30 calm 

7 :53AM .. ~: Fair l8°C l8°C l6°C 87% 11.3km 1,021.70 calm 
~ 

8:53AM (J Fair 22°C 22°C l5°C 66% 16.1 km 1,022.00 calm 

~ 9:53AM ' 
Partly Cloudy 

23°C l6°C 62% 16.1 km 1,022.40 From SSW Skm/h 
23°C 

10:53 AM ~c 
Partly Cloudy 23oc l6°C 64% 16.1 km 1,022.40 Variable Skm/h 
23°C 

11:53 AM ~ 
Partly Cloudy 

24°C l6°C 58% 16.1 km 1,021. 70 Variable llkm/h 
24°C 

12 :53 PM ~P.,tly Clo"dY 26°C l5°C 52% 16.1 km 1,021.30 Variable 11km/h 
26°C 

1 :53PM 
Partly Cloudy 

26°C l6°C 56% 16.1 km 1,020. 70 From ESE 14km/h 
25°C 

2:S3 PM 
Partly Cloudy 

26°C 17oc 60% 16.1 km 1,019.60 From ESE 21km/h 
2S°C 

3 .53 PM~ Partly Cloudy 24°C lS°C 56% 16 .1 km 1,019.30 From SSE 14km/h . 24°C 

4:s3 PM ·v Fair 24oc 24°C l6°C 60% 16.1 km 1,019.60 From ESE 16km/h 

s:s3 PM~C Fair 23°c 23oc l5°C 61% 16.1 km 1,019.60 From SSE 11km/h 

Sunset at 6 :18 PM 

6:53PM ~ Fair 22°C 22°C lS°C 64% 16.1 km 1,020.00 From SSE lOkm/h 

7:53PM ~} Fair 22°C 22°C lS°C 66% 16.1 km 1,020.30 From SSE Skm/h 

8 :S3 PM \r) Fair 2l°C 21°C l6°C 71% 16.1 km 1,020.30 From SSE Skm/h 

9:S3 PM ~ Fair21°C 21°C l6°C 73% 16.1 km 1,020.70 calm 

10:S3 PM ~ Fair 20°C 20°C l6°C 78% 16.1 km 1,020. 70 From W 13km/h 

11:53 PM ~ . Fair 20°C 20°C l6°C 76% 16.1 km 1,020.70 From W Skm/h 
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I os/27/o4Jo6/30/041 07/22/041 08/20/o4Jo9/2o/o4Jioi2ijo4Jmunits I Report Limit I Method I 
Organochlorine Perticldes/PCBs 
Total PCB's 0.05 

Decachlorobiphenyl 

Metals '·---w-
Cadnium BDL BDL BDL C23 BDL C23 BDL C23 BDL moll 0.0050 3010/6010 

Chromium BDL 0 .002 BDL BDL BDL BDL mg/L 0.0050 3010/6011 
Copper BDL 0.0045 BDL BDL 0.0018 I 0 .0019 I moll 0.010 3010/6012 

Lead BDL 0.00035 I BDL C23 BDL BDL C23 BDL moll 0.0050 3010/6013 
Zinc BDL 0.0085 0.0058 IV 0.015 v 0.095 v 0.046 v mg/L 0.020 3010/6014 -VI 

00 

Mercury 0.000032 I BDL BDL 0.000010 IV BDL BDL mg/L 0.00002 245.1 

lnorganlcs/Other 
aool BDL 2.1 3.6 BDL BDL BDL mg/L 2.0 405 .1 

I Ch General Chemist.ry 
Ammonia as N BDL 0.03 0 .064 0 .35 0 .13 0.16 mg/L 0.020 350.1 
Chlorophyll-a BDL BDL BDL BDL 3.6 I BDL mg/m3 10 SM10200H 

N03 as N BDLQ BDL BDL 0.094 0 .17 BDL moll 0.050 353 .2 
OiVGrease BDL BDL BDL BDL BDL 2.0 1 moll 4.4 1664 

Total Phosphorus as P 0.018 0.021 0.055 0.066 0.048 0.062 mg/L 0.010 365.1 

Total Dissolved Solids 18000 17000 18000 5700 5000 5300 moll 200 160.1 

Total Kjeldahl Nitrogen 0 .72 1.1 0 .9 0.89 BDL 0 .56 mg/L 0.40 351.2 

Total Suspended . Solids 30 37 24 19 5 .7 4.7 moiL 4 .0 160.2 
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I Ch General Chemistry 
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Field Services 
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