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Abstract
Surface- and ground-water quality data from the Mosquito 

Lagoon Basin were compiled and analyzed to: (1) describe 
historical and current monitoring in the basin, (2) summarize 
surface- and ground-water quality conditions with an emphasis 
on identifying areas that require additional monitoring, and 
(3) develop a water-quality monitoring network to meet the 
goals of Canaveral National Seashore (a National Park) and 
to fill gaps in current monitoring. Water-quality data were 
compiled from the U.S. Environmental Protection Agency’s 
STORET system, the U.S. Geological Survey’s National Water 
Information System, or from the agency which collected the 
data. Most water-quality monitoring focused on assessing 
conditions in Mosquito Lagoon. Significant spatial and/or 
seasonal variations in water-quality constituents in the lagoon 
were quantified for pH values, fecal coliform bacteria counts, 
and concentrations of dissolved oxygen, total nitrogen, total 
phosphorus, chlorophyll-a, and total suspended solids. Trace 
element, pesticide, and ground-water-quality data were more 
limited. Organochlorine insecticides were the major class 
of pesticides analyzed. A surface- and ground-water-quality 
monitoring network was designed for the Mosquito Lagoon 
Basin which emphasizes: (1) analysis of compounds indica-
tive of human activities, including pesticides and other trace 
organic compounds present in domestic and industrial waste; 
(2) greater data collection in the southern part of Mosquito 
Lagoon where spatial variations in water-quality constituents 
were quantified; and (3) additional ground-water-quality data 
collection in the surficial aquifer system and Upper Floridan 
aquifer. Surface-water-quality data collected as part of this 
network would include a fixed-station monitoring network of 
eight sites in the southern part of the basin, including a canal 
draining Oak Hill. Ground-water quality monitoring should be 
done routinely at about 20 wells in the surficial aquifer system 
and Upper Floridan aquifer, distributed between developed and 
undeveloped parts of the basin. Water samples collected should 
be analyzed for a wide range of constituents, including physical 
properties, nutrients, suspended sediment, and constituents 
associated with increased urban development such as pesti-
cides, other trace organic compounds associated with domestic 
and industrial waste, and trace elements.

Introduction
Mosquito Lagoon is located in eastern Volusia and 

Brevard Counties, Florida (fig. 1), and is the northernmost 
estuary in the Indian River Lagoon system, which has the 
highest species diversity of any estuary in North America 
(Sigua and others, 2000). The ecological importance of 
Mosquito Lagoon, in particular, has been demonstrated by 
designations given to this estuary—an estuary of National 
Significance through the National Estuary Program (U.S. 
Environmental Protection Agency, 2006) and an Outstand-
ing Florida Water and Aquatic Preserve (Walters and 
others, 2001).

The Canaveral National Seashore (CANA) lies within 
the southern two-thirds of the Mosquito Lagoon Basin 
(fig. 1) and is managed by the National Park Service (NPS). 
This seashore was established by Federal Legislation in 
1975 to “preserve and protect the outstanding natural, sce-
nic, scientific, ecologic, and historic values of certain lands, 
shoreline, and waters of the State of Florida, and to provide 
for the public outdoor recreation use and enjoyment of the 
same” (U.S. Congress, 1975).

The NPS strives to maintain the natural quality of sur-
face and ground waters under its jurisdiction in accordance 
with all applicable Federal, State, and local laws and regula-
tions (Walters and others, 2001). Two high priority goals for 
CANA are: (1) to compile and analyze water-quality data 
from the Mosquito Lagoon Basin to reveal water bodies 
for which monitoring is adequate for NPS needs and those 
for which more monitoring is needed, and (2) to develop 
a coordinated water-quality monitoring network (Walters 
and others, 2001). Water-quality data are needed by the 
NPS to: (1) manage waters within CANA to maintain the 
highest level of biological diversity for ecosystem integrity, 
(2) acquire sufficient knowledge about water quality to 
effectively participate in State and local water management 
planning, (3) seek the highest level of protection for CANA 
under State water-quality standards, (4) acquire appropriate 
baseline information to adequately understand and manage 
water resources, and (5) provide a framework of reference to 
evaluate future water-quality changes that may occur.

Assessment of Water-Quality Monitoring and a Proposed 
Water-Quality Monitoring Network for the Mosquito 
Lagoon Basin, East-Central Florida

By Sharon E. Kroening
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In 2004, the U.S. Geological Survey (USGS), in 
cooperation with the NPS, initiated a study to: (1) compile and 
analyze water-quality data from the Mosquito Lagoon Basin, 
with an emphasis on identifying areas that need additional 
monitoring; and (2) design a surface- and ground-water-qual-
ity monitoring network for CANA. Water-quality data, which 
were collected and analyzed by numerous Federal, State, and 
local agencies from 1954 to 2003, were summarized and fur-
ther data needs were identified in this report.

Purpose and Scope

The purposes of this report are to: (1) describe historical 
and current monitoring in the Mosquito Lagoon Basin, 
(2) summarize surface- and ground-water quality conditions 
based on retrospective data, with an emphasis on identifying 
areas which need additional monitoring or warrant modifica-
tions of the existing monitoring programs, and (3) present a 
water-quality monitoring network developed to meet CANA’s 
goals. The decisions made and rationale used in determining 
the locations and prioritization of sites in the water-quality 
monitoring network, sampling frequency, properties for test-
ing, and appropriate quality assurance and quality control are 
presented. This report includes summaries of data collected by 
Federal, State, and local agencies and a private agency.

Physical Setting

The Mosquito Lagoon Basin encompasses 124 mi2 in 
east-central Florida (fig. 1). The estuary, Mosquito Lagoon, 
comprises a large percentage of the basin—46 percent of 
the total area. The climate is classified as humid subtropical, 
and the basin typically receives from 48 to 56 in. of rainfall 
each year (Walters and others, 2001). About 65 percent of the 
annual rainfall occurs between May and October, generally 
from localized convective storms.

Mosquito Lagoon is the major surface-water feature 
in the basin. This estuary is classified as a coastal lagoon 
(Kjerfve and Magill, 1989), and is about 37 mi long and 3 mi 
wide at its widest expanse. The lagoon is shallow, with an 
average depth of 4 ft (Steward and others, 2003), and is deep-
est along the Intracoastal Waterway, which was dredged to a 
depth of 12 ft in 1952 (Walter and others, 2001). The lagoon’s 
only connection to the Atlantic Ocean is the Ponce de Leon 
inlet, which is located at the northern end. Mosquito Lagoon 
also is connected to the Indian River Lagoon to the west by 
Haulover Canal, which was constructed in 1887 to improve 
navigation through the Indian River Lagoon system (Walters 
and others, 2001). Numerous natural and spoil islands, form-
ing many constricting channels, are located in the northern 15 
mi of the lagoon.

Surface-water drainage into Mosquito Lagoon and tidal 
exchange between the estuary and the Atlantic Ocean are 
limited. There are no major streams that discharge into the 
lagoon. Freshwater inflow primarily is from direct surface 

runoff, ground-water inflow, and discharge from numerous 
small canals (Steward and others, 1994). Treated wastewater 
has been discharged into Mosquito Lagoon from facilities in 
New Smyrna Beach and Edgewater. The discharge of treated 
wastewater from these facilities was reduced in the late 1990s. 
Currently (2006), about 70 percent of the treated wastewater 
from the New Smyrna Beach facility and about 80 percent of 
the treated wastewater from the Edgewater facility are dis-
posed through reuse distribution systems (Utilities Commis-
sion of New Smyrna Beach, 2006; City of Edgewater, 2006). 
Reuse distribution systems provide treated wastewater to 
irrigate lawns or crops. Mosquito Lagoon generally exchanges 
water with the Atlantic Ocean through the Ponce de Leon Inlet 
two times each day due to the semi-diurnal tides (Walter and 
others, 2001). The excursion distance of ocean water into the 
lagoon, however, only extends to a point between Edgewater 
and Oak Hill due to the large number of islands in the northern 
part of the estuary, the estuary’s shallow depth, and its long, 
narrow shape (Walters and others, 2001). Wind-driven currents 
are considered to be the only substantial force capable of cir-
culating water through Mosquito Lagoon (Steward and others, 
1994; Walters and others, 2001; Sigua and Tweedale, 2004).

Seagrass and other submerged aquatic vegetation in 
Mosquito Lagoon are important for the health of the estuarine 
ecosystem. Seagrass beds serve as nursery habitats for fish 
and benthic invertebrates and act as sediment traps by slow-
ing down currents and by removing smaller particulates from 
suspension in the water column (Zieman, 1982; Virnstein and 
others, 1983). Seagrass coverage in the Indian River Lagoon 
system, including Mosquito Lagoon, is routinely monitored by 
the St. Johns River Water Management District (SJRWMD). In 
1999, there were about 16,400 acres of seagrasses in Mosquito 
Lagoon. Seagrass coverage has decreased about 20 percent 
in Mosquito Lagoon since 1943 (Steward and others, 2003). 
Most of this decrease has occurred in the northern part of the 
estuary. In 1999, there were 51 acres of seagrass in the north-
ernmost transect of Mosquito Lagoon (Steward and others, 
2003). This change represents a 94 percent loss since 1943. 
Reductions in seagrass coverage have been less in the southern 
part of the estuary. In 1999, about 13,000 acres of seagrasses 
were measured in this part of Mosquito Lagoon, representing 
about a 20 percent reduction in coverage since 1943 (Steward 
and others, 2003).

About 15 percent of the annual harvest of commercial 
fish and shellfish in the United States comes from the Indian 
River Lagoon system, including Mosquito Lagoon (Walters 
and others, 2001). From 1987 to 1997, the number of com-
mercial shellfish harvesting permits more than doubled from 
45 to 99, and 12 clam-farming operations were in place as of 
2000 (Walters and others, 2001). This increase in commercial 
harvesting and in aquaculture was attributed by Walters and 
others (2001) to the 1994 State law which banned gill-net 
use in the Indian River Lagoon system. Commercial shell-
fish harvesting is allowed within CANA under a provision of 
the Park’s enabling legislation which states that harvesting 
will be permitted in accordance with State law. Park visitors 
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also harvest shellfish; however, the amount of recreational 
fishing in Mosquito Lagoon has not been adequately 
monitored (Walters and others, 2001).

Shellfish can concentrate bacteria and viruses that are 
present in the water up to 100 times, thus posing a potential 
health risk to humans, who may consume these organisms 
either raw or partially cooked. Typhoid, hepatitis, and salmo-
nellosis are some of the diseases that may be transmitted to 
humans through shellfish consumption. To protect consumers 
from shellfish-related illnesses, the National Shellfish Sanita-
tion Program has set bacteriological standards for shellfish-
growing waters. The geometric mean of fecal coliform must 
be less than 14 MPN/100 mL, and not more than 10 percent 
of water samples can exceed a level of 43 MPN/100 mL in 
areas where shellfish are harvested and directly marketed to 
the public.

The State of Florida regulates areas where shellfish are 
grown and harvested to protect consumers from shellfish-
related illnesses. Shellfish harvesting areas within Mosquito 
Lagoon were classified by the State of Florida in 2000 as 
Approved, Conditionally Approved, Conditionally Restricted, 
or Prohibited (fig. 2). Approved shellfish harvesting areas 
usually are open to shellfish harvesting at all times and only 
temporarily closed under extraordinary circumstances, such as 
red tides, hurricanes, or sewage spills. Conditionally approved 
areas are periodically closed to shellfish harvesting based on 
the likelihood of contamination events. Controlled purification 
of shellfish is allowed in conditionally restricted areas by spe-
cial permit. Shellfishing activities in conditionally restricted 
areas may be temporarily suspended based on pollution events. 
Most of the southern one-third of the lagoon was classified 
as approved. Conditionally restricted and prohibited areas 
are located in the northern part. Conditionally approved areas 
were further classified as Conditionally Approved Zone 1 
(CAZ1) and Conditionally Approved Zone 2 (CAZ2).

Areas classified as CAZ1 are closed when the 2-day 
cumulative rainfall at the wastewater treatment facility in 
Edgewater exceeds 1.15 in., and areas classified as CAZ2 are 
closed when the 2-day cumulative rainfall exceeds 4.03 in. 
These rainfall limits were calculated based on regression equa-
tions developed by the State of Florida, which relate fecal coli-
form levels to rainfall amounts. Shellfish harvesting areas are 
reopened when fecal coliform bacteria levels in the water are 
within water-quality standards and bacteria levels in the shell-
fish have returned to background levels (Browning, 2000).

Two principal aquifer systems, the surficial aquifer 
system and the Floridan aquifer system, underlie the Mosquito 
Lagoon Basin. The surficial aquifer system is the uppermost 
water-bearing unit, and consists of sand, shell beds, silt, clay, 
and indurated shell or coquina of Pliocene to Quaternary 
age. The Floridan aquifer system consists of limestone and 
dolomite rocks of Eocene and Miocene age and is the primary 
source of potable water in the basin (Toth, 1988). A confining 
unit composed of clays of Miocene age separates the surficial 
aquifer system from the Floridan aquifer system (Toth, 1988). 
The depth to the top of the Floridan aquifer system ranges 

from about 100 to 200 ft below NGVD 1929 within the basin 
(Toth, 1988) and is deeper toward the south. The Floridan 
aquifer system is further subdivided into two highly transmis-
sive zones, the Upper Floridan aquifer and Lower Floridan 
aquifer, which are separated by a less permeable middle 
semiconfining unit. The Mosquito Lagoon Basin is considered 
to be a discharge area for the Floridan aquifer system (Toth, 
1988) because the confining unit between the surficial aquifer 
system and Floridan aquifer system is thin or absent in the 
basin (Toth, 1988). This increases the likelihood for verti-
cal leakage or movement of water from the Floridan aquifer 
system to the surficial aquifer system and ultimately to the 
Mosquito Lagoon Basin.

Three soil orders—entisols, histosols, and spodosols—
generally overlie the surficial aquifer system within the 
Mosquito Lagoon Basin (fig. 3). Entisols are mineral soils 
with little or no soil profile development, histosols are organic 
soils that develop in a water-saturated environment, and spo-
dosols are mineral soils that have a subsurface horizon with 
an accumulation of organic matter and oxides of aluminum, 
with or without iron oxides. Entisols generally are concen-
trated on the barrier islands and along the western shore of the 
Mosquito Lagoon Basin. Histosols generally are concentrated 
on the natural and constructed islands in the northern part of 
the Mosquito Lagoon Basin and also are present on parts of 
the shoreline. Spodosols generally are in the western part of 
the basin. The drainage characteristics of the soil orders cover-
ing the basin have been classified by the U.S. Department of 
Agriculture (1991). The entisol soils generally are classified 
as well to excessively drained. In contrast, the spodosols and 
histosols soils are classified as poorly to very-poorly drained.

Several studies have quantified the amount of ground 
water discharging into Mosquito Lagoon and neighboring 
areas. The amount of ground water discharged into the lagoon 
was estimated using a ground-water flow model (Tibbals, 
1990) and seepage meters (Belanger and others, 1997). 
There was a large discrepancy between the results reported 
from those studies. Tibbals (1990) reported that 2.2 ft3/s 
of water discharged from the Floridan aquifer system into 
Mosquito Lagoon. Belanger and others (1997) reported that 
ground-water flow into Mosquito Lagoon ranged from about 
0.01 to 0.04 (gal/ft2)/hr, which corresponds to discharges 
from 750 to 3,000 ft3/s. Similar discrepancies between mea-
sured and simulated ground-water discharges into the Indian 
River Lagoon were reported by Lee (1977), Belanger and 
Walker (1990), and Pandit and El-Khazen (1990). The rate 
and sources of ground-water discharge to the Indian River 
Lagoon system were further studied using various techniques 
to resolve the difference between reported ground-water 
discharge rates (Martin and others, 2002; Martin and others, 
2004; and Cable and others, 2004). Results from these studies 
indicated that about 1 to 5 percent of the water seeping into 
the Indian River Lagoon from the sediments originated from 
the ground-water system, and most of the water seeping into 
the Indian River Lagoon likely was water that had recirculated 
into the sediments.
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In 2000, wetlands, nonforested upland areas, forested 
upland areas, and urban areas comprised about 95 percent 
of the Mosquito Lagoon Basin’s land surface (fig. 4). Wet-
lands covered 42 percent of the terrestrial parts of the basin, 
and generally were located on the barrier islands, on islands 
in the northern part of the basin, and in the southern part of 
the basin. Forested and nonforested uplands and urban areas 
encompassed about 31 and 22 percent of the terrestrial parts 
of the basin, respectively. Upland areas generally were located 
along the western shore of the basin, and urban land use was 
concentrated in the cities of New Smyrna Beach, Edgewater, 
and Oak Hill, and along the northern barrier islands.

The human population of the Mosquito Lagoon Basin has 
increased over time. From 1990 to 2004, the populations of 
the largest four towns (New Smyrna Beach, Edgewater, Oak 
Hill, and Ponce Inlet) increased an average of about 36 percent 
(table 1). The populations of Oak Hill and Ponce Inlet have 
increased at the greatest rates—about 50 percent in each town.

Many residences in the Mosquito Lagoon Basin rely 
on onsite-sewage disposal systems (OSDS) for domestic 
wastewater treatment and disposal. Most of New Smyrna 
Beach, Edgewater, and the communities on the barrier 
islands use centralized sewerage systems for wastewater 
treatment (Walters and others, 2001; Steward and others, 
2003); however, all areas south of Edgewater (fig. 4) rely 
on OSDS for wastewater treatment. The Oak Hill area was 
identified as having the largest number of OSDS in the basin 
(Browning, 2000). Most of these systems were reported by 
Browning (2000) as being installed near the water table in 
soils severely limited for disposal of domestic waste in drain-
fields. Twenty-four areas in the Mosquito Lagoon Basin from 
New Smyrna Beach to Oak Hill were evaluated by the Volusia 
County Health Department (1999) to determine whether the 
communities should be placed on a centralized sewerage 
system. About 65 percent of these areas were recommended 
for placement on a centralized sewerage system, and six of the 
areas were strongly recommended for placement.

Methods

Water-quality data compiled for this report were obtained 
from the U.S. Environmental Protection Agency’s STORET 
data system, USGS National Water Information System, or from 
other organizations collecting the data. The STORET system 
was used to obtain data from the Florida Department of Environ-
mental Protection (FDEP), Brevard County, and Volusia County 
Environmental Health Laboratory (hereinafter referred to as 
Volusia County). All other data were obtained from the Florida 
Department of Agriculture and Consumer Services (FDACS), 
Indian River Lagoon Water Quality Monitoring Network, 
National Atmospheric Deposition Program/National Trends Net-
work (NADP/NTN), National Atmospheric Deposition Program/
Mercury Deposition Network (NADP/MDN), Marine Resources 
Council of East-Central Florida (Marine Resources Council), 
and National Aeronautics and Space Administration (NASA).

Data were analyzed to describe recent conditions in the 
Mosquito Lagoon Basin, when sufficient data were avail-
able. Most surface-water-quality data analysis focused on the 
1999-2003 period, except for the pesticide, polychlorinated 
biphenyl (PCB), and trace element data, because this period 
represents recent conditions in the basin, and the most infor-
mation on method reporting or detection limits was available 
for this period. Information on method reporting or detection 
limits is necessary to properly interpret censored (below the 
reporting or detection limit) water-quality data (Helsel and 
Cohn, 1988; Helsel, 1990, 2005a, 2005b). Pesticide, PCB, 
and trace element data in surface water generally were not 
reported from 1999 to 2003, so the entire period of record was 
analyzed for these data which primarily were collected in the 
early 1990s. The data on ground-water quality, pesticide, PCB, 
and trace element concentrations in surface water were more 
limited compared to the other analytes. Ground-water-quality 
data were collected periodically from 1954 to 2002.

Data from two sources were recensored using the lowest 
quantification limit each agency denoted in its data prior to sta-
tistical analysis. Some of these data required recensoring because 
machine readings, indicated by small negative values or extremely 
small positive values, were reported. Some investigators analyze 
machine readings, such as those using basic statistical techniques; 
however, newer statistical techniques have been developed to 
analyze data near method reporting limits (Helsel, 2005b). 

It was unclear whether data from some sources were 
censored at a method detection or quantification limit because 
selected concentrations were reported only as “less than the 
value given.” For this reason, censoring limits will not be dif-
ferentiated as “method detection limits” or “practical quantifi-
cation limits” throughout the rest of this report. 

Censoring limits associated with selected surface-water-
quality constituents are listed in table 2. Reporting limits asso-
ciated with data obtained from NASA varied in some instances 
by a factor of 10 or more due to the analytical method or 
laboratory used to analyze the water samples. The Marine 
Resources Council only reported physical property values that 
were not censored. Reporting limits associated with fecal coli-
form, trace element, and trace organics data are discussed later 
in this report. It was beyond the scope of this study to assess 
the accuracy of the reporting limits used by each agency.

The presence of censored water-quality data was expected 
to have little effect on interpretations of the chlorophyll-a, 
major ion, total organic plus ammonia nitrogen, and total sus-
pended solids data because only a small percentage (less than 
16 percent) of these data were less than the censoring limits, 
and less than 25 percent of the values were within twice the 
censoring limit. Several analytes, such as ammonia nitrogen, 
nitrate nitrogen, orthophosphate, total phosphorus, and water 
color, had a larger percentage of censored values. About 40 to 
50 percent of these values were less than the censoring limit.

Data were analyzed using several statistical and graphical 
techniques. Constituent concentrations were described using 
summary statistics. The minimum and maximum values were 
substantially outside the typical range for some constituents. 
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Monitoring Efforts in the Mosquito 
Lagoon Basin

Data documenting the quality of surface waters, ground 
water, and the atmospheric deposition in the vicinity of the basin 
have been collected by a private agency (Marine Resources 
Council) and several Federal, State, and local agencies, including 
Brevard County, Florida Department of Agriculture and Consumer 
Services (FDACS), FDEP, NASA, National Park Service, 
SJRWMD, USGS, and Volusia County. Most monitoring focused 
on assessing water-quality conditions in Mosquito Lagoon, in 
terms of the number of sites monitored. About 190 surface-water, 
ground-water, and atmospheric deposition sites were monitored. 
About two-thirds of these sites were monitored to determine 
the surface-water quality of Mosquito Lagoon, and most of the 
remaining sites were used to determine ground-water quality. The 
quality of atmospheric deposition was monitored at four sites.

Surface-Water Quality Monitoring

Monitoring of water quality in Mosquito Lagoon began in 
1970, with most data collection having occurred since the mid-
1980s. The largest monitoring programs that were conducted 
to assess the water quality of Mosquito Lagoon, in terms of the 
total sites sampled and the period of record of data collection, 
were operated by the FDACS, SJRWMD, and Volusia County. 
Other agencies or organizations operate smaller networks 
compared to these or may collect data only on a periodic basis. 
A complete listing of the constituents monitored by these enti-
ties is given in table 3.

Table 1. Population of areas in the Mosquito Lagoon Basin  
in 1990, 2000, and 2004.

[Source of data: U.S. Census Bureau, 2005]

City or town 1990 2000
2004 

(estimated)

Population 
increase 

from 
1990-2000, 

percent
New Smyrna 
Beach 16,543 20,048 21,464 21.2

Edgewater 15,337 18,668 20,721 21.7
Oak Hill 917 1,378 1,454 50.3
Ponce Inlet 1,704 2,513 3,178 47.4
Total 34,501 42,607 46,817 35.7

Table 2. Censoring limits for surface-water quality data compiled 
from selected agencies.

[IRLQWMN, Indian River Lagoon Water Quality Monitoring Network; 
NASA, National Aeronautics and Space Administration; constituents shown 
in milligrams per liter, except for chlorophyll-a which is shown in micrograms 
per liter and water color which is shown in platinum-cobalt units]

Constituent IRLQWMN NASA
Volusia 
County

Ammonia nitrogen Not  analyzed 0.02-0.2 0.015L
Chlorophyll-a 1 .5-1 1
Nitrite plus nitrate nitrogen .01 .02 .01
Organic plus ammonia 
nitrogen .1 .1-2.51 .4

Total phosphorus .01 .02-.12 .01
Total suspended solids 5 4-102 5
Water color 10 5 10

1One value censored at 2.5 mg/L.

2No censored data for this constituent.

The 10th, 90th, and 99th percentile values were reported at times 
in addition to the minimum and maximum for selected surface-
water constituents to aid the reader in understanding the typical 
ranges in reported constituent values. These outlying values may 
have been in error. It was impossible, given the timeframe of this 
study, to investigate the causes for each outlying value in detail. 
Summary statistics with censored water-quality data were com-
puted according to Helsel and Cohn (1988). The predominant 
ground-water type was graphed using trilinear diagrams. Spatial 
and seasonal variations in water-quality constituent values among 
sites were graphed using boxplots. Four periods (January-March, 
April-June, July-September, and October-December) were used 
to analyze seasonal variations in surface-water-quality data 
because a quarterly sampling frequency was the most common 
sampling frequency among the networks. The multiple-stage 
Kruskal-Wallis test (Helsel and Hirsch, 2002) was used to iden-
tify significant spatial and seasonal variations in surface-water-
quality constituent values. The Wilcoxon rank-sum test (Helsel 
and Hirsch, 2002) was used to identify significant differences in 
constituent concentrations between the surficial aquifer system 
and Upper Floridan aquifer.
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Table 3. List of constituents monitored in water, bottom sediments, suspended sediments, and fish in Mosquito Lagoon.

Physical properties
Pesticides, pesticide degradates,  

and other trace organic compounds
Acidity, as CaCO3 2,4,5-T
Alkalinity, as CaCO3 2,4,5-TP
Dissolved oxygen 2,4-D
Oxidation reduction potential 4,4-DDD
pH 4,4-DDE
Salinity 4,4-DDT
Salinity, bottom Aldrin
Secchi disk depth Alpha hexachlorobenzene
Specific conductance Beta hexachlorobenzene
Temperature, air Chlordane
Temperature, water Chlordane (technical mix & metabolites)
Total dissolved solids DDT
True color Delta benzene hexachloride
Turbidity Dieldrin

Nutrients Endosulfan
Ammonia as NH3 Endosulfan I
Ammonia, unionized Endosulfan II
Ammonia as nitrogen Endosulfan sulfate
Organic plus ammonia nitrogen Endrin
Nitrate nitrogen Endrin aldehyde
Nitrite nitrogen Gamma benzene hexachloride (lindane)
Organic nitrogen Heptachlor
Orthophosphate Heptachlor epoxide
Phosphate Methoxychlor
Phosphorus p,p′ DDD

Major inorganic constituents p,p′ DDE
Calcium PCB 1016
Chloride PCB 1221
Fluoride PCB 1232
Hardness (calcium, magnesium) PCB 1242
Magnesium PCB 1248
Potassium PCB 1254
Silica PCB 1260
Silicon PCBS
Sodium Phenolic compounds
Sulfate Toxaphene

Biological properties Trace elements
Chlorophyll-a Aluminum
Chlorophyll-b Antimony
Chlorophyll-c Arsenic
Enterococcus group bacteria Barium
Fecal coliform Beryllium
Pheophytin a Bismuth
Total coliform Boron

Suspended solids Cadmium
Fixed solids Chromium
Nonvolatile suspended solids Copper
Solids, volatile on ignition Iron
Total residue (TSS+TDS) Lead
Total suspended solids (TSS) Manganese
Volatile suspended solids Mercury

Biochemical/chemical oxygen demand Molybdenum
Biochemical oxygen demand Nickel
Biochemical oxygen demand, 11 days at 20 °C Selenium
Biochemical oxygen demand, 12 days at 20 °C Silver
Biochemical oxygen demand, 19 days at 20 °C Thallium
Biochemical oxygen demand, 20 days at 20 °C Tin
Biochemical oxygen demand, 25 days at 20 °C Titanium
Biochemical oxygen demand, 28 days at 20 °C Zinc
Biochemical Oxygen demand, 33 days at 20 °C Organic carbon/grease and oil
Biochemical oxygen demand, 5 days at 20 °C Organic carbon
Chemical oxygen demand Grease and oil
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The FDACS shellfish environmental assessment section 
has monitored sites in Mosquito Lagoon, primarily to deter-
mine bacteria levels. From 1995 to 2004, 43 sites were 
monitored. Water samples were analyzed to determine fecal 
coliform and enterococcus group bacteria counts, turbidity, 
and other physical properties (dissolved oxygen concentration, 
pH, salinity, and water temperature).

The SJRWMD monitored 24 sites in Mosquito Lagoon. 
Most of these sites (22) were sampled as part of the Indian 
River Lagoon Water Quality Monitoring Network—a coordi-
nated effort between the SJRWMD, Volusia County, Brevard 
County, and NASA. This network has been coordinated by 
the SJRWMD since 1988 to: (1) characterize water quality in 
the Indian River Lagoon, (2) identify water-quality problem 
areas, (3) measure the effectiveness of management objectives 
and actions, (4) provide current information to reformulate 
management plans, and (5) provide accountability to the 
public by relating progress toward restoration and protection 
of the Indian River Lagoon (Sigua and others, 1996). Sites 
originally were sampled as part of this network to measure 
physical properties (water color, specific conductance, pH, 
salinity, dissolved oxygen, turbidity), nutrients (ammonia, 
nitrite plus nitrate nitrogen, phosphorus, organic plus ammo-
nia nitrogen, and orthophosphate), chlorophyll-a, and sus-
pended sediment in water. In 1996, this sampling network 
was modified to: (1) provide answers to specific questions 
related to the long-term management of seagrass and water 
quality in the Indian River Lagoon, (2) increase the statistical 
power of data collected, (3) increase the effectiveness of staff 
and laboratory resources, and (4) collect complimentary data 
for development of a hydrodynamic and water-quality model 
of the Indian River Lagoon system (Sigua and others, 1996). 
These modifications resulted in a substantial decrease in the 
number of fixed sampling sites (from 22 to 4) in Mosquito 
Lagoon, and analysis of additional water-quality constituents, 
including the inorganic and organic fractions of suspended 
solids in water.

Volusia County monitored water quality at 21 sites in 
Mosquito Lagoon from 1988 to 1999. Some of this monitoring 
was done in cooperation with the Indian River Lagoon Water 
Quality Monitoring Network, and the rest was done as part of 
an assessment of water bodies in the county. Physical proper-
ties (dissolved oxygen, pH, salinity, specific conductance, 
water color, and turbidity) were measured and water samples 
were analyzed for fecal indicator bacteria counts, nutrients 
(ammonia, nitrite plus nitrate nitrogen, organic plus ammonia 
nitrogen, orthophosphate, and phosphorus), chlorophyll-a, 
suspended sediment, and organic carbon. The sampling net-
work for Volusia County was modified in 2000, with the num-
ber of sites sampled reduced to 13 and the sampling frequency 
reduced from monthly to quarterly.

Brevard County monitored two sites in Mosquito Lagoon 
from 1979 to 1995. Monitoring at these sites was done as 
part of the Indian River Lagoon Water Quality Monitor-
ing Network from 1987 to 1995. The constituent groups 
monitored include physical properties (salinity, turbidity, pH, 

specific conductance, water temperature, and water color), 
chlorophyll-a and pheophytin-a, nutrients (organic plus 
ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, phospho-
rus, and orthophosphate), biochemical oxygen demand, and 
fecal coliform bacteria counts.

The FDEP periodically monitored 10 sites in Mosquito 
Lagoon from 1970 to 1998. Most of these sites were sampled 
to determine water-quality conditions and the quality of the 
bottom sediments. Major constituent groups that were ana-
lyzed included physical properties (alkalinity, dissolved oxy-
gen concentration, pH, salinity, specific conductance, water 
color, and turbidity), nutrients (ammonia nitrogen, organic 
nitrogen, nitrate, nitrite, and orthophosphate), chlorophyll-a, 
fecal coliform bacteria, chloride, suspended solids, and trace 
elements (chromium, copper, iron, lead, manganese, mercury, 
nickel, selenium, silver, thallium, and zinc).

The Marine Resources Council coordinated citizen 
volunteer sampling at 22 sites in Mosquito Lagoon from 1991 
to 2003. Water samples were collected on a weekly basis to 
determine values of physical properties (dissolved oxygen 
concentration, pH, salinity, and water temperature). The pur-
pose of this sampling program was to provide the regulating 
agencies with data of known quality to determine long-term 
and seasonal variations in constituent values. This program 
provides data from remote areas of the estuary, and augments 
the data collected by other agencies (Marine Resources 
Council of East Florida, 2003).

NASA monitored seven sites in Mosquito Lagoon from 1984 
to 2002. One site was sampled as part of the Indian River Water 
Quality Monitoring Network from 1996-2003 and was previ-
ously sampled by Brevard County. At this site, physical properties 
(water color, specific conductance, pH, salinity, dissolved oxygen, 
turbidity) were measured and water samples were analyzed by 
the SJRWMD laboratory to determine concentrations of nutrients 
(nitrite plus nitrate nitrogen, total phosphorus, organic plus ammo-
nia nitrogen, and orthophosphate), chlorophyll-a, organic carbon, 
pheophytin a, suspended sediment, and silica and fecal coliform 
counts in the water. The remaining six sites were sampled to assess 
the water quality of the southern part of Mosquito Lagoon. The 
length of monitoring varied among these sites. One site was sam-
pled from 1984 to 2002, and five sites were sampled from 1991 to 
1993. More constituents were measured at these sites compared to 
the site sampled as part of the Indian River Water Quality Monitor-
ing Network. Physical properties (alkalinity, dissolved oxygen, 
pH, salinity, and turbidity) were measured and water samples were 
analyzed at several contract laboratories to determine concentra-
tions of nutrients, chlorophyll-a, major ions, pesticides, suspended 
solids, trace elements, and fecal coliform bacteria counts.

The NPS monitored 19 sites in Mosquito Lagoon from 1991 
to 1993 to determine the quality of the water, bottom sediment, 
and suspended sediments and constituents present in fish tissues. 
Physical properties (dissolved oxygen, oxidation-reduction poten-
tial, and water color) were measured and samples were analyzed 
to determine concentrations of nutrients, chlorophyll-a, major 
ions, pesticides and other trace organics, trace elements, and fecal 
coliform counts.
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The USGS monitoring activities in Mosquito Lagoon 
were limited to measuring physical properties (dissolved 
oxygen concentration, pH, specific conductance, and water 
temperature) in Haulover Canal. Specific conductance and 
water temperature were continuously monitored at this loca-
tion from 1998 to 2003. Short-term continuous monitoring 
of dissolved oxygen concentration was done in 1998-99.

As evidenced herein, most of the monitoring efforts of 
Mosquito Lagoon have focused on assessing conditions in 
the water column. Less than 6 percent of the sites monitored 
were sampled to assess contaminants in the fish inhabit-
ing the water, pigments in the periphyton, or to determine 
the quality of the bottom sediments, dry deposition, or 
suspended sediments.

Ground-Water Quality Monitoring

The FDEP, SJRWMD, and USGS monitored 55 wells 
to determine ground-water quality in the Mosquito Lagoon 
Basin (figs. 5a-b). Fifty-three wells were located in the 
northern part of the basin, and two were located in the south-
ern part. The USGS monitored ground-water quality from 
1954 to 1987 in 43 wells, which ranged from 14 to 992 ft 
deep, where well depth was reported. Water samples were 
collected and analyzed to determine physical properties (acid 
neutralizing capacity, pH, specific conductance, turbidity, 
and water color), nutrients (ammonia, nitrite plus nitrate 
nitrogen, organic plus ammonia nitrogen, orthophosphate, 
and phosphorus), major ions (chloride, fluoride, magnesium, 
potassium, sodium, and sulfate), pesticides, trace elements, 
and volatile organic compounds. The SJRWMD monitored 
ground-water quality from 1987 to 2004 in 12 wells, which 
ranged from 30 to 998 ft deep. The water samples were col-
lected and analyzed for physical properties (alkalinity, pH, 
and specific conductance), nutrients (ammonia, nitrite plus 
nitrate nitrogen, organic plus ammonia nitrogen, orthophos-
phate, and phosphorus), major ions (calcium, chloride, fluo-
ride, magnesium, potassium, sodium, and sulfate), organic 
carbon, trace elements, and turbidity. The FDEP monitored 
ground-water quality in 1993 and 1996 in four wells. These 
wells also were sampled by the SJRWMD from 1987 to 

2004. These wells ranged from 30 to 60 ft deep, and water 
samples were collected and analyzed for physical properties 
(dissolved oxygen, pH, and specific conductance), nutrients 
(ammonia, organic plus ammonia nitrogen, orthophosphate, 
and total phosphorus), major ions (calcium, chloride, fluo-
ride, magnesium, potassium, sodium, and sulfate), organic 
carbon, and turbidity.

Atmospheric Deposition Monitoring

The quality of atmospheric deposition was monitored at 
four sites (A1 to A4) in the vicinity of the Mosquito Lagoon 
Basin (fig. 1) by the NADP/NTN, NADP/MDN, and SJRWMD 
from 1983 to 2007 (table 4). Data spanning the longest period 
of record (1983-2007) were available at site A4, which is about 
10 mi south of Mosquito Lagoon. This site was sampled as part 
of the NADP/NTN. Wet deposition samples were collected 
weekly at this site (provided a sufficient volume of water was 
available) and analyzed to determine physical properties (pH 
and specific conductance) and concentrations of major ions 
(calcium, magnesium, sodium, potassium, chloride, and sul-
fate), nitrate, and ammonium. Data collection at the other three 
sites began in 2003. Sites A1 and A2, located in the northern 
part of the basin near the town of Ponce Inlet, were moni-
tored by the Indian River Water Quality Monitoring Network. 
Site A1 was monitored in 2003, and site A2 was monitored 
from 2003 to 2007. Wet deposition samples generally were 
collected weekly at sites A1 and A2. Dry deposition samples 
generally were collected monthly at site A2. Samples from 
both sites were analyzed to determine physical properties (pH 
and specific conductance), alkalinity values, and concentra-
tions of major ions (calcium, chloride, magnesium, potassium, 
sodium, and sulfate) and nutrients (ammonium nitrogen, nitrate 
nitrogen, total organic plus ammonia nitrogen, orthophosphate, 
and total phosphorus). Trace elements (aluminum, arsenic, 
barium, cadmium, chromium, copper, iron, lead, manganese, 
nickel, selenium, silver, strontium, and zinc) generally only 
were monitored at site A2. Site A3, located about 30 mi south-
west of Mosquito Lagoon, was monitored by the NADP/MDN 
from 2003 to 2007 to determine the mercury concentration in 
wet deposition.

Table 4. Atmospheric deposition monitoring sites in the vicinity of the Mosquito Lagoon Basin, 1983-2007.

[Site locations are shown in figure 1. SJRWMD, St. Johns River Water Management District; NADP, National Atmospheric 
Deposition Program; MDN, Mercury Deposition Network; NTN, National Trends Network; USCG, U.S. Coast Guard]

Site 
identifier

Site description Latitude Longitude
Agency 

conducting 
monitoring

A1 Ponce Inlet USCG Station 29° 03′ 53′′ 80° 54′ 54′′ SJRWMD

A2 Ponce Inlet USCG Station (northwest 
corner of property) 29° 03′ 55′′ 80° 54′ 58′′ SJRWMD

A3 Orange County, Florida 28° 35′ 33′′ 81° 11′ 25′′ NADP/MDN
A4 Kennedy Space Center 28° 32′ 34′′ 80° 38′ 38′′ NADP/NTN
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Figure 5a. Surface-water and ground-water sites sampled in the northern part of the Mosquito Lagoon Basin. 
Surface-water sites were sampled during 1999-2003. Ground water sites were sampled during 1954-2004.
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Figure 5b. Surface-water and ground-water sites sampled in the southern part of the Mosquito Lagoon Basin. 
Surface-water sites were sampled during 1999-2003. Ground water sites were sampled during 1954-2004.
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Water-Quality and Atmospheric 
Deposition Conditions in the Mosquito 
Lagoon Basin

The subsequent sections describe surface- and 
ground-water quality conditions in the Mosquito Lagoon 
Basin. Also summarized herein is atmospheric deposition, 
which may be a substantial source of some contaminants to 
the Mosquito Lagoon Basin.

Surface-Water Quality

Water-quality conditions were assessed at 61 sites in 
Mosquito Lagoon from 1999 to 2003 (figs. 5a-b and table 5). 
The sites were monitored by the FDACS, Indian River Lagoon 
Water Quality Monitoring Network, Marine Resources 
Council, NASA, Volusia County, and the USGS. The major 
constituent groups that were measured include physical prop-
erties, fecal coliform and enterococcus group bacteria counts, 
and concentrations of nutrients and suspended solids. These 
constituent groups were not measured at all sites, and the total 
number of constituents measured at an individual site varied 
from about 5 to 45 constituents. The constituents measured at 
each site are listed in table 5. The surface-water data collec-
tion procedures used by the various agencies are described 
by Rantz (1982), Gately (1991), Steward and Higman (1991), 
U.S. Geological Survey (1997-2006), National Atmospheric 
Deposition Program (1999), and Marine Resources Council of 
East Florida (2004).

Knowledge of the quality of the data collected is 
important to properly interpret water-quality data, and docu-
mentation of the data quality often is conducted as part of 
water-quality assessments (Fitzgerald, 1997; Menheer and 
Brigham, 1997; Mueller, 1998; Martin and others, 1999). 
Most of the data used to determine water-quality conditions in 
Mosquito Lagoon from 1999-2003 were reported to be quality 
assured by the agency which collected the data (Gately, 1991; 
Sigua and others, 1996; Browning, 2000; Wagner and oth-
ers, 2006; Marine Resources Council, 2007). The precision 
and bias of the data compiled were not reassessed due to the 
limited timeframe of the study.

Salinity, Dissolved Oxygen, and Water pH

Many estuarine resources are affected by the salinity 
of water, such as aquatic plants, benthic organisms, and fish 
(Alber and Flory, 2002; Pierson and others, 2002). Salin-
ity values, dissolved oxygen, and water pH were measured 
at 61 sites in Mosquito Lagoon from 1999 to 2003 (figs. 5a-b 
and table 5). Most of these sites were located in the northern part 
of the lagoon, north of the town of Oak Hill. Reported salinity 
values in Mosquito Lagoon ranged from 0.4 to 47 ppt during 
this 5-year sampling period. The minimum reported value likely 

was an error since 99 percent of the reported values were greater 
than 22 ppt and a substantial amount of freshwater would be 
required to dilute Mosquito Lagoon water to less than 1 ppt 
salinity. Salinity values in Mosquito Lagoon had no statisti-
cally significant spatial variability. Spatial differences in salinity 
within the estuary were examined using only sites 2, 19, 45, and 
59 (figs. 5a-b) due to the voluminous amount of data. These four 
sites were previously identified by Sigua and others (1996) as 
having differing water quality. There was no significant differ-
ence in salinity among these sites (p-value = 0.8186). Data from 
all 61 sites sampled from 1999 to 2003 were pooled to determine 
the general seasonal variation in concentrations in the lagoon. 
The seasonal distribution of salinity values may deviate from this 
general pattern in any given year due to differences in hydrologic 
conditions. In general, salinity values were significantly greater 
from April to June compared to all other times of the year and 
were significantly lower from October to December (fig. 6). The 
greater values from April to June likely were due to low precipi-
tation combined with increased evaporation before the onset of 
the wet season. The lower values from October to December cor-
respond to the end of the wet season in central Florida, and likely 
reflect dilution from increased precipitation.

Salinity variations resulting from Atlantic Ocean tides 
appeared to be small compared to the observed seasonal 
variations. Salinity data collected over a tidal cycle were 
available at sites 6, 19, 45, and 59 (figs. 5a-b and table 5). 
Tidal cycle data were collected once a month from January to 
June 1999. Data for the other physical properties discussed in 
this report were not available over a tidal cycle. Variations in 
salinity values associated with tides were examined at site 6, 
which was closest to the Ponce de Leon Inlet and where any 
tidal influence was expected to be the greatest. The maxi-
mum variation in salinity values associated with a tidal cycle 
ranged from 0.4 to 1.2 ppt, which was small compared to the 
general seasonal variations in values (fig. 6).

Dissolved oxygen concentrations varied spatially and 
seasonally in Mosquito Lagoon. Reported concentrations 
ranged from 1 to 14.8 mg/L; however, most concentrations 
(80 percent) ranged from 3.7 to 8.2 mg/L. About 15 percent 
of the reported concentrations were less than the 4.0-mg/L 
criterion set by the State of Florida for class II surface waters 
(Florida Department of Environmental Protection, 2004). 
Spatial variations in dissolved oxygen concentrations were 
tested with the same four sites used to assess spatial variations 
in salinity values, and data from all 61 sites sampled from 
1999 to 2003 were pooled to determine the general seasonal 
variation. Dissolved oxygen concentrations were significantly 
greater at sites 2 and 59 compared to sites 19 and 45 (fig. 7). 
There also was a significant seasonal variation in concentra-
tions. Concentrations were significantly greater from January 
to March and significantly lower from July to September, 
compared to other times of the year (fig. 8). These seasonal 
variations likely were due to variations in the solubility of 
oxygen in water (which is higher in cold water), because sea-
sonal variations in concentrations corresponded with periods 
of low- and high-water temperatures in the lagoon.
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Table 5. Surface-water sites in the Mosquito Lagoon Basin monitored by various Federal, State, and local agencies and a private 
agency from 1999-2003

[Site locations shown in figures 5a and 5b. FDACS, Florida Department of Agriculture and Consumer Services; ICWW, Intracoastal Waterway; NASA, National 
Aeronautics and Space Administration; SJRWMD, St. Johns River Water Management District; USGS, U.S. Geological Survey]

Site 
no.

Site 
description

Latitude Longitude
Agency 

collecting 
data

Period 
of record

Approximate 
frequency 
of sample 
collection

Constituents/properties sampled  
and remarks

1 Ponce Inlet, 
center channel 28˚ 56′ 27″ 80˚ 50′ 04″ Volusia 

County
1999-
2003

Monthly 
(1999), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen (only monitored from 2000-03), 
chlorophyll-a, chlorophyll-b, chlorophyll-c, dissolved 
oxygen, enterococcus group bacteria, fecal coliform bac-
teria, fixed solids, organic plus ammonia nitrogen, nitrite 
plus nitrate nitrogen, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, specific con-
ductance, water temperature, total coliform bacteria, total 
suspended solids, water color, turbidity, wind direction, 
wind velocity

2

Mosquito 
Lagoon, at 
ICWW chan-
nel marker 26

29˚ 02′ 40″ 80˚ 54′ 20″
SJRWMD, 
Volusia 
County

1988-
2001, 
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus group 
bacteria, fecal coliform bacteria, fixed solids, organic 
plus ammonia nitrogen, nitrite plus nitrate nitrogen, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tempera-
ture, total coliform bacteria, total suspended solids, water 
color, turbidity, wind direction, wind velocity

3

Mosquito 
Lagoon, at 
ICWW chan-
nel marker 32 

29˚ 02′ 02″ 80˚ 54′ 26″

Marine 
Resources 
Council, 
SJRWMD,
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus group 
bacteria, fecal coliform bacteria, fixed solids, organic 
plus ammonia nitrogen, nitrite plus nitrate nitrogen, 
organic carbon, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, silica, specific 
conductance, water temperature, total coliform bacteria, 
total suspended solids, water color, turbidity, volatile 
suspended solids, wind direction, wind velocity. The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values.

4

Mosquito La-
goon, south of 
south cause-
way, near 
stormwater 

29˚ 01′ 18″ 80˚ 55′ 07″

Marine 
Resources 
Council, 
SJRWMD,
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus group 
bacteria, fecal coliform bacteria, fixed solids, organic 
plus ammonia nitrogen, nitrite plus nitrate nitrogen, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tem-
perature, total coliform bacteria, total suspended solids, 
water color, turbidity, wind direction, wind velocity. The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values.

5

Mosquito 
Lagoon, at 
ICWW chan-
nel marker 45 

29˚ 00′ 53″ 80˚ 54′ 45″

Marine 
Resources 
Council 
SJRWMD, 
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus group 
bacteria, fecal coliform bacteria, fixed solids, organic 
plus ammonia nitrogen, nitrite plus nitrate nitrogen, 
organic carbon, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, silica, specific 
conductance, water temperature, total coliform bacteria, 
total suspended solids, water color, turbidity, volatile 
suspended solids, wind direction, wind velocity. The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values, and 
two to five samples were collected per month (1998-99).



Water-Quality and Atmospheric Deposition Conditions in the Mosquito Lagoon Basin  17

Site 
no.

Site 
description

Latitude Longitude
Agency 

collecting 
data

Period 
of record

Approximate 
frequency 
of sample 
collection

Constituents/properties sampled  
and remarks

6

Mosquito La-
goon, south of 
ICWW chan-
nel marker 47 

29˚ 00′ 29″ 80˚ 54′ 34″

Marine 
Resources 
Council, 
SJRWMD,
Volusia 
County

1988-
2003

Monthly, 
two times 
per month 
(1997-98), 
quarterly

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, chloro-
phyll-c, dissolved oxygen, enterococcus group bacteria, 
fecal coliform bacteria, fixed solids, organic plus am-
monia nitrogen nitrogen, nitrite plus nitrate nitrogen, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tempera-
ture, total coliform bacteria, total suspended solids, water 
color, turbidity, wind direction, wind velocity. Monthly 
sampling by the SJRWMD (1988-96, 1999-2003) and 
quarterly sampling by Volusia County (1999-2003). The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values.

7

Mosquito 
Lagoon, at 
ICWW chan-
nel marker 50 

28˚ 59′ 35″ 80˚ 54′ 10″

Marine 
Resources 
Council, 
SJRWMD,
Volusia 
County,

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-03)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, chloro-
phyll-c, dissolved oxygen, enterococcus group bacteria, 
fecal coliform bacteria, fixed solids, organic plus am-
monia nitrogen nitrogen, nitrite plus nitrate nitrogen, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tem-
perature, total coliform bacteria, total suspended solids, 
water color, turbidity, wind direction, wind velocity. The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values.

8

Mosquito 
Lagoon, at 
ICWW 
channel 
marker 52 

28˚ 59′ 13″ 80˚ 53′ 58″

Marine 
Resources 
Council, 
SJRWMD, 
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-03)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, chloro-
phyll-c, dissolved oxygen, enterococcus group bacteria, 
fecal coliform bacteria, fixed solids, organic plus am-
monia nitrogen nitrogen, nitrite plus nitrate nitrogen, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tem-
perature, total coliform bacteria, total suspended solids, 
water color, turbidity, wind direction, wind velocity. The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values.

9 Mouth of Potts 
Creek 28˚ 59′ 07″ 80˚ 53′ 22″ FDACS 1998-

2004
1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

10 Lease 727 28˚ 58′ 20″ 80˚ 53′ 09″ FDACS 1988-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

11
Mosquito 
Lagoon, at 
ICWW CM 57

28˚ 58′ 18″ 80˚ 53′ 22″
SJRWMD,
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-03)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, chloro-
phyll-c, dissolved oxygen, enterococcus group bacteria, 
fecal coliform bacteria, fixed solids, organic plus am-
monia nitrogen nitrogen, nitrite plus nitrate nitrogen, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tempera-
ture, total coliform bacteria, total suspended solids, water 
color, turbidity, wind direction, wind velocity

12

Mosquito 
Lagoon, just 
W. of Three 
Sisters Islands

28˚ 58′ 09″ 80˚ 52′ 41″

Marine 
Resources 
Council, 
SJRWMD, 
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, entercoccus group 
bacteria, fecal coliform group bacteria, fixed solids, 
organic plus ammonia nitrogen nitrogen, nitrite plus 
nitrate nitrogen, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, specific 
conductance, water temperature, total coliform bacte-
ria, total suspended solids, water color, turbidity, wind 
direction, wind velocity. The Marine Resources Coun-
cil sampled monthly (1991-92) to determine dissolved 
oxygen concentrations and salinity, secchi disk depth, 
pH, and water temperature values.

Table 5. Surface-water sites in the Mosquito Lagoon Basin monitored by various Federal, State, and local agencies and a private 
agency from 1999-2003.—Continued
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Site 
no.

Site 
description

Latitude Longitude
Agency 

collecting 
data

Period 
of record

Approximate 
frequency 
of sample 
collection

Constituents/properties sampled  
and remarks

13 East of Three 
Sisters Island 28˚ 58′ 07″ 80˚ 52′ 25″ FDACS 1995-

2004
1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

14 ICW marker 60 28˚ 57′ 24″ 80˚ 52′ 55″ FDACS 1993-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

15 North area of 
Cedar Creek 28˚ 57′ 22″ 80˚ 51′ 07″ FDACS 1988-

2003
1-2 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

16
Mosquito 
Lagoon, at 
ICWW CM 60

28˚ 57′ 22″ 80˚ 52′ 56″

Marine 
Resources 
Council, 
SJRWMD,
Volusia 
County 

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus 
group bacteria, fecal coliform bacteria, fixed solids, 
organic plus ammonia nitrogen nitrogen, nitrite plus 
nitrate nitrogen, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, specific 
conductance, water temperature, total coliform bacte-
ria, total suspended solids, water color, turbidity, wind 
direction, wind velocity. The Marine Resources Coun-
cil sampled monthly (1991-92) to determine dissolved 
oxygen concentrations and salinity, secchi disk depth, 
pH, and water temperature values.

17
North end of 
Government  
Cut

28˚ 57′ 16″ 80˚ 52′ 07″ FDACS 1990-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

18
North of 
station 62 at 
power lines

28˚ 57′ 11″ 80˚ 50′ 39″ FDACS 1990-
2004

1-2 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity 

19

Mosquito 
Lagoon, just 
E. of Cedar 
Island

28˚ 57′ 09″ 80˚ 50′ 41″

Marine 
Resources 
Council, 
SJRWMD,
Volusia 
County

1988-
2003

Monthly, 
two times 
per month 
(1997-98), 
quarterly

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus group 
bacteria, fecal coliform bacteria, fixed solids, organic plus 
ammonia nitrogen nitrogen, nitrite plus nitrate nitrogen, 
organic carbon, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, silica, specific 
conductance, water temperature, total coliform bacteria, 
total suspended solids, water color, turbidity, volatile 
suspended solids, wind direction, wind velocity. Monthly 
sampling by the SJRWMD (1988-96, 1999-2003), and 
quarterly sampling by Volusia County (1999-2001, 
2003). The Marine Resources Council sampled monthly 
(1991-92) to determine dissolved oxygen concentrations 
and salinity, secchi disk depth, pH, and water temperature 
values.

20 Eastern mouth 
of Cedar Creek 28˚ 57′ 08″ 80˚ 50′ 50″ FDACS 1990-

2004
1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

21

Condissolved 
oxygenmini-
ums north of 
J.B.’s

28˚ 57′ 02″ 80˚ 50′ 32″ FDACS 1990-
2004

1-2 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity 

22

Mosquito 
Lagoon, at 
Shipyard Ca-
nal and Cedar 
Creek

28˚ 56′ 46″ 80˚ 51′ 20″

Marine 
Resources 
Council, 
SJRWMD, 
Volusia 
County

1988-
2003

Monthly 
(1988-99), 
quarterly 
(2000-01, 
2003)

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, 
chlorophyll-c, dissolved oxygen, enterococcus group 
bacteria, fecal coliform bacteria, fixed solids, organic plus 
ammonia nitrogen nitrogen, nitrite plus nitrate nitrogen, 
pH, pheophytin-a, phosphorus, orthophosphate, salinity, 
secchi disk depth, specific conductance, water tem-
perature, total coliform bacteria, total suspended solids, 
water color, turbidity, wind direction, wind velocity. The 
Marine Resources Council sampled monthly (1991-92) to 
determine dissolved oxygen concentrations and salinity, 
secchi disk depth, pH, and water temperature values.

Table 5. Surface-water sites in the Mosquito Lagoon Basin monitored by various Federal, State, and local agencies and a private 
agency from 1999-2003.—Continued
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Site 
no.

Site 
description

Latitude Longitude
Agency 

collecting 
data

Period 
of record

Approximate 
frequency 
of sample 
collection

Constituents/properties sampled  
and remarks

23

Southern 
mouth of 
Cedar Creek 
and Govern-
ment Cut

28˚ 56′ 46″ 80˚ 51′ 22″ FDACS 1990-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

24
Turner’s Flats, 
east of Gov-
ernment Cut

28˚ 56′ 43″ 80˚ 50′ 33″ FDACS 1991-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

25 South of J.B.’s 
Restaurant 28˚ 56′ 43′ 80˚ 50′ 17″ FDACS 1990-

2004
1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

26
Last water-
front house 
south of J.B.’s

28˚ 56′ 27″ 80˚ 50′ 04″ FDACS 1995-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

27

East of ICW 
marker 65, 
east side of 
island in Blue 
Hole Cut

28˚ 56′ 26″ 80˚ 51′ 57″ FDACS 1995-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

28 ICW marker 
65 28˚ 56′ 25″ 80˚ 52′ 05″ FDACS 1992-

2004
1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

29 Lease 1102 28˚ 56′ 22″ 80˚ 50′ 42″ FDACS 1990-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

30 Turtle Mound, 
west shore 28˚ 55′ 48″ 80˚ 49′ 44″ FDACS 1995-

2004
1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

31
In ICW, at 
Boston Whaler 
plant

28˚ 55′ 29″ 80˚ 51′ 47″ FDACS 1992-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

32

West side of 
leases 1121, 
1124, 1125, 
1126

28˚ 55′ 17″ 80˚ 49′ 52″ FDACS 1990-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

33
Second cut 
southeast of 
Turtle Mound 

28˚ 55′ 14″ 80˚ 49′ 30″ FDACS 1990-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

34
Northeast 
docks in 
Eldora

28˚ 54′ 42″ 80˚ 49′ 09″ FDACS 1990-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

35 ICW marker 
71 28˚ 54′ 35″ 80˚ 51′ 25″ FDACS 1995-

2004
1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

36

MO8560, End 
of East Ariel 
Street, Oak 
Hill

28˚ 54′ 12″ 80˚ 51′ 15″
Marine 
Resources 
Council

1999-
2003

2-5 times 
per month

Dissolved oxygen, pH, salinity, secchi disk depth, water 
temperature

37 Lease 1085, 
Slippery Creek 28˚ 54′ 09″ 80˚ 50′ 02″ FDACS 1990-

2004
1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

38
Southernmost 
house in 
Eldora

28˚ 54′ 09″ 80˚ 49′ 05″ FDACS 1995-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

39
In ICW, be-
tween markers 
73 and 75

28˚ 54′ 02″ 80˚ 51′ 08″ FDACS 1990-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

40
Castle Wind 
Cut, SE of 
Eldora

28˚ 53′ 41″
28.8947

80˚ 48′ 42″
-80.81167 FDACS 1996-

2004
1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

Table 5. Surface-water sites in the Mosquito Lagoon Basin monitored by various Federal, State, and local agencies and a private 
agency from 1999-2003.—Continued
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Site 
no.

Site 
description

Latitude Longitude
Agency 

collecting 
data

Period 
of record

Approximate 
frequency 
of sample 
collection

Constituents/properties sampled  
and remarks

41

North of ICW 
marker 2, at 
south end 
of concrete 
bulkhead

28˚ 53′ 35″ 80˚ 50′ 53″ FDACS 1995-
2004

1-7 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

42
Between spoil 
islands, NE of 
ICW marker 2

28˚ 53′ 31″ 80˚ 50′ 44″ FDACS 1990-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

43
Dead Mans 
Cove, SE of 
station 120

28˚ 53′ 02″ 80˚ 48′ 35″ FDACS 1995-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

44

Southwest of 
ICW marker 
7, Lopez 
lighthouse

28˚ 52′ 45″ 80˚ 50′ 24″ FDACS 1995-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

45
Mosquito 
Lagoon at 
ICWW CM 7

28˚ 52′ 41″ 80˚ 50′ 22″

Marine 
Resources 
Council, 
SJRWMD

1988-
2003 Monthly

Ammonia nitrogen, chlorophyll-a, chlorophyll-b, chloro-
phyll-c, dissolved oxygen, enterococcus group bacteria, 
fecal coliform bacteria, organic plus ammonia nitrogen 
nitrogen, nitrite plus nitrate nitrogen, organic carbon, pH, 
pheophytin-a, total phosphorus, orthophosphate, salinity, 
secchi disk depth, silica, specific conductance, water tem-
perature, total coliform bacteria, total suspended solids, 
water color, turbidity, volatile suspended solids, wind 
direction, wind velocity. The Marine Resources Council 
sampled monthly (1991-92) to determine dissolved 
oxygen concentrations and salinity, secchi disk depth, pH, 
and water temperature values.

46

Dissolved 
oxygenuble 
outfall west of 
ICW marker 9

28˚ 52′ 21″ 80˚ 50′ 20″ FDACS 1995-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

47
Between spoil 
islands, NE of 
ICW marker 10

28˚ 52′ 05″ 80˚ 49′ 44″ FDACS 1995-
2004

1-5 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

48

West of ICW 
marker 10, 
NW of high 
density leases

28˚ 51′ 56″ 80˚ 49′ 57″ FDACS 1995-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

49

West of ICW 
marker 17, 
Mosquito 
Lagoon

28˚ 50′ 19″ 80˚ 49′ 03″ FDACS 1995-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

50
ICW marker 
29, Mosquito 
Lagoon

28˚ 49′ 40″ 80˚ 46′ 52″ FDACS 1990-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

51
ICW marker 
21, Mosquito 
Lagoon

28˚ 49′ 10″ 80˚ 47′ 58″ FDACS 1995-
2004

5-12 times 
per year

Dissolved oxygen, fecal coliform bacteria, pH, salin-
ity, water temperature, turbidity, wind direction, wind 
velocity

52 28˚ 47′ 30″ 80˚ 46′ 56″ FDACS 1995-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

53

East of ICW 
marker 21, 
Mosquito 
Lagoon

28˚ 47′ 30″ 80˚ 46′ 56″ FDACS 1990-
2004

1-6 times 
per month

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

54 28˚ 45′ 52″ 80˚ 45′ 57″ FDACS 1990-
2004

2-14 times 
per year

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

Table 5. Surface-water sites in the Mosquito Lagoon Basin monitored by various Federal, State, and local agencies and a private 
agency from 1999-2003.—Continued
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Site 
no.

Site 
description

Latitude Longitude
Agency 

collecting 
data

Period 
of record

Approximate 
frequency 
of sample 
collection

Constituents/properties sampled  
and remarks

55 28˚ 44′ 42″ 80˚ 44′ 44″ FDACS 1990-
2004

2-14 times 
per year

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

56 Haulover 
Canal 28˚ 44′ 10″ 80˚ 45′ 18″ USGS 1995-

2003 Daily Discharge, water temperature, specific conductance, dis-
solved oxygen, wind speed, wind direction

57 28˚ 43′ 56″ 80˚ 44′ 09″ FDACS 1990-
2004

2-12 times 
per year

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

58 28˚ 43′ 14″ 80˚ 43′ 32″ FDACS 1990-
2004

2-12 times 
per year

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

59

Midway 
between 
shores, south 
of Haulover 
Canal

28˚ 43′ 00″ 80˚ 43′ 00″

Brevard 
County,
NASA,
SJRWMD

1987-
2003

5-13 times 
per year

5-day biochemical oxygen demand, chlorophyll-a, chlo-
rophyll-b, chlorophyll-c, dissolved oxygen, fecal coliform 
bacteria, organic plus ammonia nitrogen nitrogen, nitrate 
nitrogen, nitrite plus nitrate nitrogen, nitrite nitrogen, 
organic carbon, pH, pheophytin-a, total phosphorus, 
orthophosphate, salinity, secchi disk depth, silica, specific 
conductance, water temperature, total suspended solids, 
water color, turbidity, volatile suspended solids, wind 
direction, wind velocity

60 28˚ 41′ 14″ 80˚ 40′ 29″ NASA 1984-
2002

1-7 times 
per year

Aluminum, antimony, arsenic, beryllium, biochemical 
oxygen demand, bismuth, boron, cadmium, calcium, 
chemical oxygen demand, chloride, chlorophyll-a, 
chromium, copper, dissolved oxygen, grease and oil, iron, 
lead, magnesium, manganese, mercury, molybdenum, 
nickel, ammonia nitrogen, organic plus ammonia nitrogen 
nitrogen, nitrate, nitrite plus nitrate nitrogen, nitrite, 
organic carbon, pH, total phosphorus, orthophosphate, 
potassium, salinity, silica, silver, sodium, specific conduc-
tance, sulfate, water temperature, total dissolved solids, 
total suspended solids, water color, turbidity, zinc1

61 28˚ 41′ 00″ 80˚ 41′ 6″ FDACS 1996-
2004

2-12 times 
per year

Dissolved oxygen, fecal coliform bacteria, pH, salinity, 
water temperature, turbidity, wind direction, wind velocity

1About 40 constituents were measured periodically at site 60. Fluoride was analyzed in 1984. Tin and titanium were analyzed in 1986. Barium was analyzed 
during 1984-86. About 30 trace organic compounds were analyzed during 1991-92, including 2,4,5-TP; 2,4-D; 4,4-DDD; 4,4-DDE; 4,4-DDT; aldrin; alkalin-
ity; alpha benzene hexachloride; beta benzene hexachloride; chlordane; delta benzene hexachloride; dieldrin; endosulfan I; endosulfan II; endosulfan sulfate; 
endrin; endrin aldehyde; gamma benzene hexachloride (lindane); heptachlor; heptachlor epoxide; methoxychlor; PCB 1016; PCB 1221; PCB 1232; PCB 1242; 
PCB 1248; PCB 1254; PCB 1260; phenolic compounds; and toxaphene. Fecal coliform and total coliform bacteria were analyzed during 1991-93. Mercury 
and water color were analyzed during 1993-2002. Chloride was analyzed in 1984 and during 2000-02. Sodium was analyzed during 2000-02. Bismuth was 
analyzed in 2002.

The water in Mosquito Lagoon generally was slightly 
alkaline with reported pH values ranging from 6.7 to 9.0 at all 
61 sites in 1999-2003. Of the reported values, 99 percent were 
greater than 7.2. Similar to other physical properties, water pH 
values also varied both spatially and seasonally in the lagoon. 
Spatial variations in water pH values were tested at the same 
four sites used to assess spatial variations in salinity values 
and dissolved oxygen concentrations, and data from all 61 
sites sampled from 1999 to 2003 were pooled to determine the 
general seasonal variation. Water pH values were significantly 
greater at site 59 in the southern part of the lagoon compared to 
the others (fig. 9). Values were significantly greater from Janu-
ary to March compared to other times of the year (fig. 10).

Major Ions

Major ion (calcium, magnesium, sodium, potassium, 
sulfate, and chloride) concentrations were analyzed less 
frequently in Mosquito Lagoon compared to the physi-
cal properties. Sufficient data were available at one site in 
2000-02 (fig. 5b and table 5, site 60) to determine the ion 
balance. Chloride and sodium dominated the ion balance in 
the water, as expected. Reported chloride concentrations at 
this site ranged from 15,000 to 23,000 mg/L in 2000-02, and 
sodium concentrations ranged from 500 to 14,000 mg/L. All 
but one of the reported sodium concentrations were greater 
than 8,000 mg/L, which suggested the minimum reported 
concentration of 500 mg/L may be an error.

Table 5. Surface-water sites in the Mosquito Lagoon Basin monitored by various Federal, State, and local agencies and a private 
agency from 1999-2003.—Continued
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Figure 6. General seasonal distribution of salinity in Mosquito Lagoon, 1999-2003, based on 61 sampling sites. 
Median values with the same letter were not statistically different.
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based on 61 sampling sites. Median values with the same letter were not statistically different.

Figure 9. Water pH at four surface-water sites in Mosquito Lagoon, 1999-2003. Median values with the same 
letter were not statistically different.
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Figure 10. Generalized seasonal distribution of water pH in Mosquito Lagoon, 1999-2003, based on 61 sampling sites. 
Median values with the same letter were not statistically different.

The microbial reduction of sulfate is believed to be the 
primary mechanism by which inorganic mercury is converted 
to methylmercury in the environment (Gilmour and others, 
1992). Methylmercury is more toxic to aquatic organisms than 
inorganic mercury, and may concentrate in aquatic organisms 
because it is eliminated from their bodies at a slower rate 
compared to inorganic mercury.

The limited data indicated that sulfate generally was 
present in the water from Mosquito Lagoon at concentra-
tions greater than 1,000 mg/L which varied seasonally. Sulfate 
concentrations were reported at six sites in Mosquito Lagoon 
(fig. 11 and table 6, sites P2-P6 and P8) from 1984 to 2003. 
The most extensive data were available at site P8, which was 
sampled from 1984 to 2002. Data at sites P2 to P6 were more 
limited and extended from 1991 to 1993. The reported sul-
fate concentrations in Mosquito Lagoon ranged from 1,195 to 
23,900 mg/L, and generally did not vary significantly among 
the sites. The maximum concentration was about 3 times greater 
than the second highest concentration, which suggests the maxi-
mum value of 23,900 mg/L may be an error. The interquartile 
range in sulfate concentrations was small (560 mg/L) compared 
to the range in values which suggested seasonal variations in 
concentrations were limited. Subsequent analyses of the data 
from 1991 to 93 showed concentrations were significantly lower 
from July to September compared to all other times of the year. 
The lower concentrations from July to September likely resulted 
from dilution with wet season precipitation.

Bacteria
Enterococci bacteria are the recommended indicator 

organism to determine the suitability of marine waters for 
recreation (U.S. Environmental Protection Agency, 1986). The 
U.S. Environmental Protection Agency (1986) recommends 
that enterococci counts should not exceed a geometric mean of 
35 CFU/100 mL based on at least five samples collected over 
a 30-day period, or that the count of a single sample should 
not exceed 158 CFU/100 mL, in waters moderately used for 
recreation. Enterococci counts were typically monitored on 
a monthly basis at 13 sites (sites 1-8, 11, 12, 16, 19, and 22) 
sampled by Volusia County in the northern part of Mosquito 
Lagoon from 1999 to 2003 (fig. 5a). Entercocci bacteria were 
reported in 80 percent of the samples, and counts ranged 
from less than 5 to 1,685 CFU/100 mL. Ninety percent of 
the reported values, however, were equal to or less than 
90 CFU/100 mL. There was no significant difference among 
sites (p-value=0.1120) or by season (p-value = 0.2255).

The occurrence and distribution of fecal coliform bacteria 
in Mosquito Lagoon were assessed using only data collected 
by the FDACS at sites 9-10, 13-15, 17-18, 20-21, 23-35, 37-44, 
46-55, and 57-58 (figs. 5a-b and table 5) to avoid possibly 
weighting results in the northern part of the basin to data with 
higher reporting limits. Fecal coliform bacteria counts were 
measured at most sites sampled by the FDACS and Volusia 
County from 1999 to 2003 (figs. 5a-b and table 5). Fecal coli-
form bacteria counts by Volusia County were reported at a limit 
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of 5 colonies/100 mL, and counts by FDACS were reported at 
a lower limit (1 MPN/100 mL). Data with low reporting limits 
were preferable for analyses and interpretation because prelimi-
nary analyses of the data indicated that 70 percent of the fecal 
coliform counts were between 1 and 5 MPN/100 mL. Exclusion 
of data collected by Volusia County likely resulted in little loss 
of information because data from the FDACS represented about 
90 percent of the fecal coliform bacteria data from 1999 to 
2003. To determine seasonal variations, data collected from all 
sites sampled by the FDACS were pooled.

Fecal coliform bacteria counts in Mosquito Lagoon 
generally were less than 21 MPN/100 mL and varied seasonally 
and spatially among the areas classified for shellfishing. Bacteria 
counts ranged from 1 to 920 MPN/100 mL during 1999-2003. 
High counts did not occur frequently. Ninety percent of the 
reported counts were equal to or less than 21 MPN/100 mL. 
Bacteria counts were significantly greater from September 
to October and December to February compared to all other 
months, and counts were significantly lower from April to June 
compared to other times of the year. The period from September 
to October represents the end of the wet season. Higher bacteria 
counts during this period may have resulted from runoff from 
the land surface. The December to February period typically 
is drier compared to the September to October period. Higher 
bacteria counts during this period correspond to a period when 
total suspended solids concentrations typically are greater in 
Mosquito Lagoon, which suggests high bacteria counts may 
be associated with the resuspension of bottom materials. Some 
fecal bacteria survive longer in sediments compared to the water 
column (Howell and others, 1996), and high bacteria counts in a 
United Kingdom estuary have been attributed to the resuspension 

of bottom sediments (Obiri-Danso and Jones, 2000). Bacteria 
counts also were significantly greater in the areas of the lagoon 
classified as “conditionally restricted” compared to all other 
areas, and counts were significantly less in areas classified 
as “approved” (figs. 2, 12). No data were available from the 
FDACS in areas of the estuary classified as “prohibited.”

There were significant variations in fecal coliform bacteria 
counts among sites within areas classified as “conditionally 
restricted” and “conditionally approved,” and there were no sig-
nificant variations in bacteria counts among sites in the “approved” 
areas (p-value = 0.054). Six sites (sites 9, 18, 21, 25, 39, and 46) 
were sampled by the FDACS in “conditionally restricted” areas 
(fig. 5a). Bacteria counts at these sites were significantly greater 
at site 18 compared to all other sites, except site 25, and bacte-
ria counts were significantly less at site 46. Twenty-seven sites 
(fig. 5a, sites 10, 13-15, 17, 20, 23-24, 26-35, 37-38, 40-44, 
and 47-48) were sampled by the FDACS in the “conditionally 
approved” areas. Nineteen of these sites were located in CAZ1 
areas, and the remaining sites were located within CAZ2. Bacte-
ria counts among these sites generally were significantly greater 
at sites within CAZ1 compared to sites within CAZ2. Bacteria 
counts were greater at sites 10, 13, 14, 20, 27-28, 31, 35 and 41, 
which were located within CAZ1, compared to all other sites 
within the “conditionally approved” areas. These nine sites 
were located near “conditionally restricted” areas and along the 
Intracoastal Waterway. Bacteria counts were significantly lower 
at sites 30, 32-34, 37-38, 40, 43, and 47 compared to the other 
sites in “conditionally approved” areas. Most of these sites were 
located in CAZ2, except sites 30 and 47 which were located 
within CAZ1. Sites 30 and 47, however, were located near areas 
classified as CAZ2.

Table 6. Sites in the Mosquito Lagoon Basin with major ion, pesticide, polychlorinated biphenyl, or trace element data, 1978-2002.

[Sites listed with major ion data were those with sufficient information to determine the ion balance or describe sulfate concentrations; ICWW, Intracoastal Waterway; CM, 
channel marker; NASA, National Aeronautics and Space Administration; NPS, National Park Service; PCBS, polychlorinated biphenyls. Site locations shown in figure 11]

Site
identifier

Description
Monitoring 

agency 
Period of 

record
Data  

monitored
Latitude Longitude

P1 Mosquito Lagoon near ICWW CM 60 FDEP 1984-2002 Trace elements 28° 57′ 21′′ 80° 52′ 53′′
P2 Mosquito Lagoon at ICWW CM 13A NASA, NPS 1991-93 Major ions, PCBs, and trace elements 28° 56′ 34′′ 80° 52′ 10′′

1991-92 Pesticides

P3 Mosquito Lagoon NASA, NPS 1991-93 Major ions, PCBs, and trace elements 28° 54′ 10′′ 80° 49′ 72′′

1991-92 Pesticides

P4 Mosquito Lagoon NASA, NPS 1991-93 Major ions, PCBs, and trace elements 28° 55′ 05′′ 80° 51′ 39′′

1991-92 Pesticides

P5 Mosquito Lagoon NASA, NPS 1991-93 Major ions, PCBs, and trace elements 28° 54′ 10′′ 80° 49′ 07′′

1991-92 Pesticides

P6 Mosquito Lagoon NASA, NPS 1991-93 Major ions, PCBs, and trace elements 28° 52′ 01′′ 80° 50′ 04′′

1991-92 Pesticides

P7 Mosquito Lagoon at ICWW CM 41 FDEP 1978 Trace elements 28° 44′ 48′′ 80° 44′ 55′′
P8 Mosquito Lagoon NASA, NPS 1984-2002 Major ions and PCBs; see footnote 1 28° 41′ 14′′ 80° 40′ 29′′

1 Trace elements were monitored in 1984, 1986-95, 1997, 1999-2002. Pesticides were monitored from 1991-92. Sufficient data to determine the ion balance 
was collected at this site from 2000-2002.
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Nutrients
Nitrite plus nitrate nitrogen (hereinafter referred to as 

nitrate), organic plus ammonia nitrogen, total phosphorus, 
and orthophosphate concentrations were reported at 16 sites 
(figs. 5a-b, sites 1-8, 11, 12, 16, 19, 22, 45, 59, and 60) in 
Mosquito Lagoon from 1999-2003. Measurement of organic 
plus ammonia nitrogen, however, ceased at 12 of the 16 sites 
(figs. 5a-b, sites 1-5, 7, 8, 11, 12, 16, 22,  and 60) in 2001 based 
on the compiled data. There were fewer data for ammonia nitro-
gen concentrations from 1999 to 2003 compared to the other 
nitrogen species. One site (fig. 5b, site 60) was sampled over the 
entire 5-year period to determine ammonia nitrogen concentra-
tions, and 13 sites (fig. 5a, sites 1-8, 11, 12, 16, 19, and 22) were 
sampled in 2003 to determine ammonia nitrogen concentrations.

Most of the nitrogen in Mosquito Lagoon was in the form of 
organic nitrogen from 1999 to 2003. Sources of organic nitrogen 
include organic materials eroded from the land surface and trans-
ported to the estuary, such as plant detritus and animal wastes, 
or the production of algae and other aquatic plants in the lagoon. 
Reported nitrate and ammonia nitrogen concentrations generally 
were near method reporting limits. Nitrate nitrogen concentra-
tions ranged from less than 0.01 to 2.8 mg/L; however, 90 percent 
of the reported values were less than 0.02 mg/L. Ammonia 
nitrogen concentrations ranged from less than 0.01 to 0.11 mg/L, 
and 90 percent of the values were less than 0.05 mg/L. Organic 
plus ammonia nitrogen concentrations generally were greater 
than the other nitrogen species, and ranged from less than 0.56 
to 38 mg/L; however, 90 percent of the concentrations were less 
than 1.43 mg/L. Organic plus ammonia nitrogen concentrations 
were significantly lower near the Ponce de Leon Inlet (site 1) 
compared to the other sites (fig. 13), and were significantly 
greater at sites in the southern part of the lagoon (figs. 5a and 13). 

Lower concentrations near the Ponce de Leon Inlet may result 
from the dilution by the Atlantic Ocean water, and higher con-
centrations in the southern part of the lagoon may be related to 
the resuspension of organic matter associated with the bottom 
sediments. There was a significant seasonal variation in organic 
plus ammonia nitrogen concentrations in Mosquito Lagoon, with 
concentrations being significantly greater from July to September 
(the wet season) compared to other times of the year (fig. 14). 
Increased concentrations from July to September correspond 
to the periods when total suspended solids and chlorophyll-a 
concentrations are elevated in the lagoon, which suggest seasonal 
variations in organic plus ammonia nitrogen concentrations may 
be related to the resuspension of organic materials associated with 
bottom sediments or plant material associated with algal blooms.

Total phosphorus concentrations in Mosquito Lagoon 
generally were low. Concentrations ranged from less than 0.04 
to 0.55 mg/L, and 90 percent of the concentrations were less 
than 0.08 mg/L. Concentrations were significantly greater near 
the Ponce de Leon Inlet (site 1) in comparison to the other sites, 
and concentrations at site 59 were significantly lower than the 
other sites (fig. 15). Greater concentrations near the Ponce de 
Leon Inlet may result from an undocumented source of contam-
ination, such as OSDS leachate, or possibly the suspended sedi-
ments near the Ponce de Leon Inlet have a greater phosphorus 
content compared to the rest of the estuary. There was no sig-
nificant difference in reported total phosphorus concentrations 
from the remaining sites in the lagoon. The data also showed 
a significant seasonal variation in concentrations. Concentra-
tions were significantly greater from April to December than 
from January to March (fig. 16). These seasonal variations may 
be caused by runoff from the land surface or the dieoff of drift 
algae in the lagoon which contributes recycled nutrients to the 
water column (Badylak and Phlips, 2004).

173
A

1,385
B

520
C

596
C

APPROVED CONDITIONALLY
APPROVED

FE
CA

L 
CO

LI
FO

RM
, I

N
 M

OS
T 

PR
OB

AB
LE

N
UM

BE
R 

PE
R 

10
0 

M
IL

LI
LI

TE
RS

CONDITIONALLY
RESTRICTED

10 1

10 2

2

3

4
5
6
7
8

2

3

4
5
6
7
8

10 0

EXPLANATION
Number of values
Letter indicates whether concentrations
in each area were significantly different
at the 0.05 significance level. Boxes
denoted with the same letter indicates
concentrations were not significantly
different
75th percentile
median

25th percentile
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Department of Agriculture, 1999-2003. Median values with the same letter were not statistically different.
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Figure 13. Total organic plus ammonia nitrogen concentrations in Mosquito Lagoon by site, 1999-2003. Sites are 
arranged in order from north to south. Median values with the same letter were not statistically different.
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Figure 15. Total phosphorus concentration in Mosquito Lagoon by site, 1999-2003. Sites are arranged in order 
from north to south. Median values with the same letter were not statistically different.

Figure 16. Generalized seasonal distribution of total phosphorus concentrations in Mosquito Lagoon, 1999-2003. 
Median values with the same letter were not statistically different.
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Figure 17. Water color values in Mosquito Lagoon by site, 1999-2003. Sites are arranged in order from north to south. 
Median values with the same letter were not statistically different.

data (figs. 5a-b, sites 1-8, 11, 12, 16, 19, 22, 45, 59, and 60); 
however, chlorophyll-a concentrations were not reported at 
site 60. Monitoring of chlorophyll-a concentrations was dis-
continued at many sites in 2002, with those data only reported 
at sites 6, 19, 45, and 59 in 2003.

Humic substances leached from soils or wetlands likely 
resulted in the water from Mosquito Lagoon containing some 
color. Water color values ranged from less than 10 to 175 Pt-Co 
units during 1999-2003; however, 90 percent of the values were 
less than 21 Pt-Co units. Water color values were significantly 
greater at four sites (figs. 5a and 17, sites 7, 8, 11, and 12) near 
Edgewater compared to most of the other sites. The seasonal 
distribution of values indicated humic substances, possibly 
originating from soil or wetland leachate, were the likely source 
of colored materials in the estuary. Humic substances are high 
molecular weight, yellow-color organic acids that are refractory 
end products in the degradation of plant and microbial organic 
matter (McKnight and others, 1985), and account for 30 to 
80 percent of the dissolved organic carbon in water (Thurman 
and Malcolm, 1983). Leachate from soils and wetlands may 
contain high concentrations of humic substances (Beck and oth-
ers, 1974), which may be transported to surface water bodies by 
runoff. Urban and others (1989) reported high dissolved organic 
matter concentrations and water color values from drainage of 
a wetland in north-central Minnesota. The seasonal distribution 
of water color values in Mosquito Lagoon was consistent with 
a runoff source. Water color values in the estuary were signifi-
cantly greater during October to December (end of wet season) 
compared to other times of the year (fig. 18).

Computed Redfield ratios indicated phytoplankton growth 
in Mosquito Lagoon generally was limited by the availability 
of phosphorus. The Redfield ratio is the molar ratio of total 
nitrogen to total phosphorus concentration in the water. Red-
field ratios greater than 7 generally indicate that phosphorus 
is the limiting nutrient for phytoplankton growth. Ratios were 
computed at all sites with sufficient data. Ratios in Mosquito 
Lagoon ranged from 1.1 to 55.1 during 1999-2003. About 
96 percent of the computed ratios were 7 or greater, which indi-
cated that phytoplankton growth in Mosquito Lagoon generally 
was limited by the availability of phosphorus.

Water Color, Suspended Solids, and 
Chlorophyll-a

The survival and growth of seagrasses in an estuary are 
primarily dependent upon available nutrients and light for photo-
synthesis. Reduced light transmission through the water column 
is one of the major factors implicated in the loss of seagrass 
coverage in Mosquito Lagoon and the rest of the Indian River 
Lagoon (Steward and others, 2003). Dissolved and particulate 
components in the water, including organic matter, suspended 
sediment, and algae, all reduce light penetration into the water 
column (Dennison and others, 1993; Rey and Rutledge, 2006).

Monitoring to determine the concentrations of some 
of the substances which affect light attenuation was done in 
Mosquito Lagoon from 1999 to 2003. Water color values and 
concentrations of suspended sediment and chlorophyll-a gen-
erally were reported at the same 16 sites which had nutrient 
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Total suspended solids concentrations in Mosquito Lagoon 
were significantly greater at sites 6, 19, 45, and 59 during 
1999-2003, in comparison to the other sites (fig. 19). Concen-
trations during this period ranged from less than 5 to 113 mg/L 
(outlying value not shown). Concentrations near the maximum 
value did not occur often, and 90 percent of the concentrations 
were less than 61 mg/L. Total suspended solids concentrations 
generally varied seasonally. Reported concentrations were sig-
nificantly greater during April to December compared to other 
times of the year (fig. 20). Increased total suspended solids 
concentrations in the southern part of the lagoon may be due to 
wind resuspension of the bottom sediments. The potential for 
wind resuspension of sediments was not assessed, but was stud-
ied in the Indian River Lagoon by Sun and Sheng (2001). The 
time scale associated with sediment suspension was determined 
to be on the order of minutes to hours.

Chlorophyll-a concentrations did not vary significantly 
among the sites analyzed in Mosquito Lagoon (p-value = 
0.86) but did show significant seasonal variations. Reported 
concentrations ranged from less than 1 to 902 µg/L; however, 
90 percent of the values were less than 10 µg/L. Concentrations 
were significantly greater from July to September than at other 
times of the year (fig. 21). The July to September period corre-
sponds to when total phosphorus concentrations generally were 
high and water temperatures were very warm, which may have 
provided optimal concentrations for phytoplankton growth. Data 
on algal taxa were not compiled as part of this report but have 

been assessed in previous studies. Diatoms were identified as 
the most dominant algae taxa in Mosquito Lagoon, in terms of 
biovolume, from 1997 to 1999 (Badylak and Phlips, 2004). The 
structure of the phytoplankton community in Mosquito Lagoon 
and the rest of the Indian River Lagoon, however, varies from 
year to year, which likely is due to a combination of factors 
including rainfall variation (Badylak and Phlips, 2004).

The effect of tripton, water color, and chlorophyll-a 
concentrations on light attenuation in the Indian River Lagoon 
was examined by Christian and Sheng (2003). Tripton (defined 
as non-algal particulate matter) and total inorganic solids had 
the largest effect, accounting for 59 to 78 percent of the light 
attenuation. There also was a positive correlation between 
tripton concentrations and the daily average wind speed.

Pesticides and Polychlorinated Biphenyls (PCBs)

Data were reported for about 20 pesticides or pesticide 
degradates (table 3) from six sites (fig. 11, sites P2-P6 and P8) 
in Mosquito Lagoon. The data primarily described organochlo-
rine insecticide concentrations in water during 1991-92. No data 
were located on pesticide concentrations in the bottom sedi-
ments or fish. The analyzed pesticides or degradates typically 
were not detected in Mosquito Lagoon at reporting levels which 
generally ranged from 0.002 to 0.1 µg/L. The only reported 
detection was for alpha hexachlorobenzene (1.24 µg/L) at site 
P8 in February 1991 and February 1992.
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Figure 18. Generalized seasonal variations in water color values in Mosquito Lagoon, 1999-2003.
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Figure 19. Total suspended solids concentrations in Mosquito Lagoon by site, 1999-2003. Sites are arranged in 
order from north to south. Median values with the same letter were not statistically different.
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Figure 20. Generalized seasonal variations in total suspended solids concentrations in Mosquito Lagoon,  
1999-2003. Median values with the same letter were not statistically different.



Water-Quality and Atmospheric Deposition Conditions in the Mosquito Lagoon Basin  33

JAN - MAR OCT - DECAPR - JUN JUL - SEP

CH
LO

RO
PH

YL
L-

CO
N

CE
N

TR
AT

IO
N

,
IN

 M
IL

LI
GR

AM
S 

PE
R 

LI
TE

R
a

130
B

134
B

114
B 124

C

20
19
18
17
16
15
14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

114
B

EXPLANATION
Number of values
Letter indicates whether
concentrations from each
seasonal period were signi-
ficantly different at the 0.05
significance level

75th percentile

median

25th percentile

Range in
reporting
limits

DATE

Figure 21. Generalized seasonal variations in chlorophyll-a concentrations in Mosquito Lagoon, 1999-2003. Median 
values with the same letter were not statistically different.

Table 7. Range in selected trace element concentrations in water  
from Mosquito Lagoon, 1978-2002.

[BRLs, below reporting limits]

 Trace element
Range in 

concentrations,
micrograms per liter

Range in 
reporting limits, 

micrograms per liter
Arsenic               BRLs to 241 3.6 - 500
Cadmium               BRLs to 7.1 0.1 - 100
Chromium               BRLs to 258    1 - 100
Copper               BRLs to 1,200    2 - 100
Nickel               BRLs to 580  1 - 60
Zinc               BRLs to 310       5 - 1,000

Data on PCB concentrations in fish were compiled from 
sites P2-P6 and P-8 in Mosquito Lagoon (fig. 11). These data 
were collected by the NPS during 1991-92. All reported con-
centrations were less than the reporting limit of 0.1 mg/kg wet 
weight. It was not specified as to which fish species, or part of 
the fish, was analyzed (for example, the whole fish or only the 
edible tissue), or whether one single fish was analyzed or if 
several fish were composited for analysis.

Trace Elements
Water column trace element data were compiled for eight 

sites (P1-P8) in Mosquito Lagoon from 1978 to 2002 (fig. 11). 
Most of these data were collected in the early 1990s, except 
for site P8, which was sampled at least annually from 1991 to 
2002. Arsenic, cadmium, chromium, copper, nickel, and zinc 
were detected periodically (1978-2002) in water from Mos-
quito Lagoon (table 7). Mercury was not detected at reporting 
levels from 0.1 to 1 µg/L. Median chromium (11.0 µg/L) and 
cadmium (0.29 µg/L) concentrations were greatest at site P3.
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Ground-Water Quality

Ground-water quality conditions in the Mosquito Lagoon 
Basin were analyzed using data collected from the surficial 
aquifer system and Upper Floridan aquifer. Information on 
the aquifer that the ground-water samples represent and the 
well depth is necessary to interpret ground-water-quality data. 
Concentrations of anthropogenic contaminants in ground 
water typically vary among the aquifers underlying a region, 
and concentrations generally are higher in water from shallow 
aquifers because these are less protected by relatively imper-
meable materials (Lapham and others, 2005). Natural features 
of an aquifer, such as hydrogeology, mineral composition, and 
oxidation-reduction conditions, affect water-quality constitu-
ent concentrations in an aquifer (Lapham and others, 2005). 
For example, concentrations of total dissolved solids, which 
represent the amount of inorganic constituents dissolved in the 
water, were significantly greater in the Upper Floridan aquifer 
in central Florida compared to the surficial aquifer system 
(Adamski and Knowles, 2001). The high dissolved solids con-
centrations likely were due to the dissolution of the carbonate 
minerals, which form the Upper Floridan aquifer (Sprinkle, 
1989). The surficial aquifer system primarily is composed 
of quartz sand, which is not very soluble in natural waters 
(Stumm and Morgan, 1981).

Information on the aquifer that the wells tapped was not 
included in the data compiled for this study. Published maps 
showing the depth to the top of the Floridan aquifer system 
(Rutledge, 1985), depth to the top of the middle semiconfin-
ing unit (O’Reilly and others, 2002), and the thickness of 
the middle semiconfining unit (O’Reilly and others, 2002) 
were used to identify the aquifer that each of the wells tapped 
(table 8). It was assumed that all 25 wells at 100 ft deep or less 
represented water from the surficial aquifer system because in 
the northern part of the basin, the top of the Floridan aquifer 
system is about 100 ft below NGVD 29. Twenty-three wells 
ranged from 110 to 360 ft deep and likely tapped the Upper 
Floridan aquifer. Depth information was not available for 
wells 17, 37, 39, and 40; however, field notes indicated these 
were flowing wells which likely discharged from the Upper 
Floridan Aquifer. Water from well number 1 at a depth of 
600 ft likely represented the middle semiconfining unit, and 
water from wells 10 and 12 represented a mixture of water 
from the Upper Floridan aquifer, middle semiconfining unit, 
and possibly the Lower Floridan aquifer because these two 
wells have long (about 850 ft) open intervals.

About 100 constituents were analyzed in well water 
samples from 1954 to 2004. The major constituent groups 
included physical properties, nutrients, major ions, trace ele-
ments, pesticides, pesticide degradates, PCBs, organic carbon, 
and volatile organic compounds. A complete listing of the 
constituents analyzed in ground water in the Mosquito Lagoon 
Basin is given in table 9.

Geochemical Composition
Ground water commonly is classified by the general 

type, such as calcium bicarbonate water or sodium chloride 
water. The water type is determined by the cation and anion 
that constitutes more than one-half of the cations and anions in 
the water. For example, in calcium bicarbonate water, calcium 
and bicarbonate constitute more than 50 percent of the cations 
and anions present. Waters in which no one cation or anion 
dominates the ion balance are referred to as a mixed type. The 
water type likely varies at different points in aquifers in coastal 
areas due to the predominant source of the recharge water 
(precipitation or Atlantic Ocean water), the minerals present 
in the aquifer, the duration that the water is in contact with the 
aquifer matrix, and the flow patterns within the aquifers. A 
trilinear diagram (fig. 22) is a common graphical method used 
to depict the inorganic composition of natural waters. The two 
triangles in the diagram display the anions and cations present, 
and the diamond-shaped diagram between the triangles shows 
the composition of the water with respect to both anions and 
cations. Each apex of the triangles in the diagram represents a 
100-percent composition of one of the three constituents.

The water type varied between and at different points in 
the surficial aquifer system and Upper Floridan aquifer within 
the Mosquito Lagoon Basin. Sufficient data were available 
from three wells that tap the surficial aquifer system (wells 
51-53) and four wells that tap the Upper Floridan aqui-
fer (wells 11, 21, 25, and 45) to determine the water types 
(figs. 5a-b and table 8). The surficial aquifer system wells used 
in this analysis ranged from 20 to 60 ft deep, and the Upper 
Floridan aquifer wells ranged from 150 to 210 ft deep. There 
were sufficient data from some wells to determine the water 
type on more than one sampling date. Only the most recent 
data were used from these wells to avoid weighting the results 
to a particular well. Surficial aquifer system wells (numbers 
52 and 53) contained calcium bicarbonate type water, which 
indicates the water in these wells was fresh. Water in the 
three shallowest Upper Floridan aquifer wells (150 to 180 ft 
deep) was a mixed type and probably were not deep enough 
to encounter the saltwater interface. McGurk and others 
(1998) estimated that water containing more than 5,000 mg/L 
chloride was located between 200 and 600 ft below NGVD 29 
in the northern part of the Mosquito Lagoon Basin. One well 
tapping the Upper Floridan aquifer (well 11, 210 ft deep) 
contained sodium chloride type water.

Salinity and Nutrient Content
The quality of ground-water discharge affects the salinity 

and nutrient content of coastal ecosystems. These condi-
tions subsequently affect the plant species composition and 
productivity of these systems. For example, plants tolerant 
of more saline conditions colonized the most brackish areas 
of a salt marsh in Massachusetts (Barlow, 2003), and plant 
species more commonly associated with freshwater condi-
tions were located in areas which received continuous fresh 
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Table 8. Wells monitored to determine water-quality conditions in the Mosquito Lagoon Basin.

[Locations shown in figures 5a and 5b. LFA, Lower Floridan aquifer; MSCU, middle semiconfining unit; SAS, surficial aquifer system; and UFA, Upper  
Floridan aquifer]

Well 
number

Well identifier Latitude Longitude
Depth to bottom 

of casing 
(feet)

Depth to 
bottom of well 

(feet)

Hydrogeologic  
unit

1 V-0294 29° 03′ 25′′ 80° 56′ 34′′ 600 MSCU
2 290310080542101 29° 03′ 10′′ 80° 54′ 21′′ 12 15 SAS
3 290155080560301 29° 01′ 55′′ 80° 56′ 03′′ 13 16 SAS
4 290152080553401 29° 01′ 52′′ 80° 55′ 34′′ 110 115 UFA
5 290147080534701 29° 01′ 47′′ 80° 53′ 47′′ 20 26 SAS
6 290141080540501 29° 01′ 41′′ 80° 54′ 05′′ 90 130 UFA
7 290134080554201 29° 01′ 34′′ 80° 55′ 42′′ 15 18 SAS
8 290129080551101 29° 01′ 29′′ 80° 55′ 11′′ 100 SAS
9 290126080551101 29° 01′ 26′′ 80° 55′ 11′′ 100 SAS

10 290106080552501 29° 01′ 06′′ 80° 55′ 25′′ 134 992 UFA-MSCU/LFA
11 V-0508 29° 01′ 04′′ 80° 55′ 19′′ 170 210 UFA
12 V-0180 29° 01′ 03′′ 80° 55′ 19′′ 130 998 UFA-MSCU/LFA
13 290025080544801 29° 00′ 25′′ 80° 54′ 48′′ 93 123 UFA
14 290010080543901 29° 00′ 10′′ 80° 54′ 39′′ 100 143 UFA
15 290006080544101 29° 00′ 06′′ 80° 54′ 41′′ 36 39 SAS
16 285938080542101 28° 59′ 38′′ 80° 54′ 21′′ 360 UFA
17 285921080541001 28° 59′ 21′′ 80° 54′ 10′′ UFA
18 285916080520301 28° 59′ 16′′ 80° 52′ 03′′ 17 20 SAS
19 285915080563801 28° 59′ 15′′ 80° 56′ 38′′ 90 110 UFA
20 285904080554601 28° 59′ 04′′ 80° 55′ 46′′ 158 UFA
21 V-0399 28° 59′ 04′′ 80° 55′ 46′′ 158 UFA
22 285902080551101 28° 59′ 02′′ 80° 55′ 11′′ 13 18 SAS
23 285858080555701 28° 58′ 58′′ 80° 55′ 57′′ 180 UFA
24 285852080561401 28° 58′ 52′′ 80° 56′ 14′′ 180 UFA
25 V-0438 28° 58′ 52′′ 80° 56′ 14′′ 180 UFA
26 V-0436 28° 58′ 46′′ 80° 56′ 32′′ 90 200 UFA
27 V-0435 28° 58′ 32′′ 80° 57′ 18′′ 100 174 UFA
28 285825080535601 28° 58′ 25′′ 80° 53′ 56′′ 25 29 SAS
29 285742080533201 28° 57′ 42′′ 80° 53′ 32′′ 22 25 SAS
30 285715080504001 28° 57′ 15′′ 80° 50′ 40′′ 10 14 SAS
31 285704080502801 28° 57′ 04′′ 80° 50′ 28′′ 26 29 SAS
32 285647080522801 28° 56′ 47′′ 80° 52′ 28′′ 145 UFA
33 285645080523501 28° 56′ 45′′ 80° 52′ 35′′ 133 UFA
34 285625080521801 28° 56′ 25′′ 80° 52′ 18′′ 115 UFA
35 285625080525202 28° 56′ 25′′ 80° 52′ 52′′ 69 SAS
36 285625080525201 28° 56′ 25′′ 80° 52′ 52′′ 32 32 SAS
37 285612080520701 28° 56′ 12′′ 80° 52′ 07′′ UFA
38 285545080493201 28° 55′ 45′′ 80° 49′ 32′′ SAS
39 285503080514103 28° 55′ 03′′ 80° 51′ 41′′ UFA
40 285502080514102 28° 55′ 02′′ 80° 51′ 41′′ UFA
41 285502080514101 28° 55′ 02′′ 80° 51′ 41′′ 126 UFA
42 285447080520201 28° 54′ 47′′ 80° 52′ 02′′ 33 36 SAS
43 285403080490001 28° 54′ 03′′ 80° 48′ 60′′ SAS
44 285403080514390 28° 54′ 03′′ 80° 51′ 43′′ 150 UFA
45 V-0419 28° 54′ 03′′ 80° 51′ 43′′ 150 UFA
46 V-0561 28° 53′ 46′′ 80° 51′ 19′′ 140 UFA
47 V-0560 28° 53′ 43′′ 80° 51′ 20′′ 130 UFA
48 285330080513701 28° 53′ 30′′ 80° 51′ 37′′ 24 SAS
49 285248080503501 28° 52′ 48′′ 80° 50′ 35′′ 116 UFA
50 V-1036 28° 51′ 33′′ 80° 51′ 04′′ 50 60 SAS
51 V-1035 28° 51′ 33′′ 80° 51′ 04′′ 20 30 SAS
52 285129080510501 28° 51′ 29′′ 80° 51′ 05′′ 60 60 SAS
53 285129080510502 28° 51′ 29′′ 80° 51′ 05′′ 30 30 SAS
54 285037080504801 28° 50′ 37′′ 80° 50′ 48′′ 29 32 SAS
55 284522080461401 28° 45′ 22′′ 80° 46′ 14′′ 20 SAS



36  Assessment of Water-Quality Monitoring and a Proposed Water-Quality Monitoring Network...

Table 9. Constituents analyzed in ground water in the Mosquito Lagoon Basin. 

Physical properties Nutrients
Acid neutralizing capacity Nitrogen
Alkalinity Ammonia nitrogen
Bicarbonate Organic plus ammonia nitrogen
Carbonate Nitrate nitrogen
Dissolved oxygen Nitrite plus nitrate nitrogen,
Hardness Nitrite nitrogen
Noncarbonate hardness Organic nitrogen
pH Phosphorus
Specific conductance Orthophosphate phosphorus
Temperature, water Pesticides, pesticide degradates, and other  

trace organic compoundsTotal dissolved solids
True color 2,4,5-T
Turbidity 2,4,5-TP

Major inorganic 2,4-D

constituents Aldrin
Calcium Chlordane (technical)
Chloride Dichlorprop
Fluoride Dieldrin
Magnesium Endosulfan I
Potassium Endrin
Silica Endrin aldehyde
Silicon Gamma benzene hexachloride (lindane)
Sodium Heptachlor
Sulfate Heptachlor epoxide

Volatile organic Mirex

compounds p,p′ DDD
1,1,1-trichloroethane p,p′ DDE
1,1,2,2-tetrachloroethane P,p′ DDT
1,1,2-trichloroethane p,p′-ethyl-DDD
1,1-dichloroethane p,p′-methoxychlor
1,1-dichloroethene PCBS
1,2-dichloroethane Polychlorinated naphthalenes
1,2-dichloropropane Toxaphene
1,3-dichloropropene Trace elements
2-chloroethyl vinyl ether Aluminum
Benzene Arsenic
Bromodichloromethane Barium
Bromomethane Cadmium
Chlorobenzene Chromium
Chloroethane Copper
Dibromochloromethane Iron
Dichlorodifluoromethane Lead
Dichloromethane Manganese
Ethylbenzene Mercury
Tetrachloroethene Nickel
Tetrachloromethane Selenium
trans-1,2-dichloroethene Silver
Tribromomethane Strontium
Trichloroethene Vinyl chloride
Trichlorofluoromethane Other constituents
Trichloromethane Carbon dioxide
Toluene Organic carbon
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Figure 22. Trilinear diagrams showing water samples collected from wells in the Mosquito Lagoon Basin, 1987-2003. 
Site identifiers correspond to table 8.

ground-water seepage. Fresh ground water also may transport 
excess nutrients associated with human activities to estuaries 
as has been observed near the Nauset Marsh estuary in Mas-
sachusetts, where ground water is directly discharged from 
several seeps along the shoreline (Barlow, 2003). Houses and 
businesses in the vicinity of the Nauset Marsh are serviced by 
OSDS. Some of the seeps discharged water with high nitrate 
concentrations, and the highest concentrations occurred in 
areas where the housing density was greatest.

Chloride concentrations often are used as an indicator of 
the salinity of an aquifer. Concentrations were reported from 
22 wells that tap the surficial aquifer system, 28 wells that tap 
the Upper Floridan aquifer, and 2 wells that may extend into 
the Lower Floridan aquifer. Chloride concentrations in water 
from wells in the Mosquito Lagoon Basin were significantly 

greater in the Upper Floridan aquifer than in the surficial aqui-
fer system (p-value = 0.012) and varied considerably within 
each aquifer based on data compiled from 1954 to 2004. The 
median concentration was 465 mg/L in the Upper Floridan 
aquifer compared to 83 mg/L in the surficial aquifer system. 
Higher concentrations in the Upper Floridan aquifer likely 
resulted from relict seawater that entered the aquifer during 
a higher stand of sea level in the geologic past or upwelling 
of saline water from deeper strata. Chloride concentrations in 
the surficial aquifer system and Upper Floridan aquifer varied 
considerably within the aquifers. Concentrations ranged from 
11 to 21,000 mg/L in the surficial aquifer system. The highest 
concentrations (11,000-21,000 mg/L) were reported in wells 
30 and 31, which are less than 30 ft deep and located on the 
eastern shore of Mosquito Lagoon (figs. 5a and 23 and table 8). 
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Figure 23. Chloride concentrations in wells from the Mosquito Lagoon Basin, 1954-2004.
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Chloride concentrations in water from wells in the Floridan 
aquifer system ranged from 35 to 19,000 mg/L. The highest 
concentrations in water ranged from 9,000 to 19,000 mg/L at 
wells 10 and 12 (about 1,000 ft deep) that may penetrate the 
Lower Floridan aquifer (figs. 5a and 23 and table 8). Chloride 
concentrations were lower in the Upper Floridan aquifer than 
in the Lower Floridan aquifer, ranging from 35 to 5,400 mg/L. 
The Floridan aquifer system is chemically stratified and 
chloride concentrations often are higher with increased depths 
in the aquifer (Sprinkle, 1989; O’Reilly and others, 2002). 
Chloride concentrations were greater than 250 mg/L (the sec-
ondary drinking water regulation set by the U.S. Environmental 
Protection Agency) in more than 50 percent of the Upper Flori-
dan aquifer wells and about 20 percent of the surficial aquifer 
system wells.

Nitrate, ammonia, organic plus ammonia nitrogen, 
and orthophosphate concentration data were reported from 
13 wells in the Mosquito Lagoon Basin. Wells 2, 3, 35, 36, 
38, 43, and 51- 53 represented water from the surficial aquifer 
system, and wells 11, 20, 27, and 44 represented water from 
the Upper Floridan aquifer (fig. 5a and table 8). All wells 
were located in the northern part of the basin. Reported well 
depths (when available) for the surficial aquifer system wells 
ranged from 15 to 69 ft deep, and reported well depths for the 
Upper Floridan aquifer wells ranged from 150 to 210 ft deep. 
Ammonia, nitrite plus nitrate nitrogen, organic plus ammonia 
nitrogen, and orthophosphate concentrations were analyzed in 
the surficial aquifer system wells. In the Upper Floridan aqui-
fer, four wells were sampled to determine nitrate concentra-
tions and one well was sampled to determine orthophosphate 
concentrations. Ranges in nutrient concentrations are listed in 
table 10. The limited data suggested nitrate concentrations in 
the basin may be higher in the surficial aquifer system than in 
the Upper Floridan aquifer.

Organic Compounds and Trace Elements

The presence of volatile organic compounds (VOCs), 
pesticides, pesticide degradates, PCBs and related compounds, 
and trace elements (table 9) in water from wells also indicate 
anthropogenic contamination of the ground water. Limited 
monitoring was done to determine the presence of these con-
stituents in ground water in the Mosquito Lagoon Basin based 
on the compiled data. Concentrations of VOCs were reported 
from one well that taps the Upper Floridan aquifer in the basin 
(fig. 5a and table 8, well 20). This Upper Floridan aquifer well 
was 158 ft deep and was sampled in 1983. VOCs generally were 
not reported in water analyzed with a reporting limit of 3 µg/L. 
One compound, dichloromethane, was detected at a concentra-
tion of 4 µg/L. Wells 20 and 44 at depths of 158 and 150 ft, 
respectively (fig. 5a and table 8), were periodically sampled to 
determine concentrations of pesticides and other trace organic 
compounds from 1976 to 1983. These data primarily described 
organochlorine insecticide concentrations in water but also 
included information on PCBs and polychlorinated naph-
thalenes (a precursor to PCBs). These compounds were not 
detected at reporting limits ranging from 0.01 to 1 µg/L.

Monitoring of trace elements in the ground water also 
was limited. Concentrations of aluminum, arsenic, barium, 
cadmium, chromium, copper, lead, mercury, nickel, sele-
nium, silver, and zinc were periodically reported in water 
from a cluster of surficial aquifer system wells 51-53 and 
Upper Floridan aquifer wells 20 and 44 (fig. 5a and table 8). 
Trace-element concentration data from the Upper Floridan 
aquifer wells were collected from 1976 to 1983, and data from 
the surficial aquifer system wells were collected from 1991 
to 1994. Summary statistics are presented in table 11. All 
reported arsenic, cadmium, chromium, mercury, and selenium 
concentrations were less than the maximum contaminant 
level set by the U.S. Environmental Protection Agency (2003) 
for drinking water of 10, 5, 100, 2, and 50 µg/L, respec-
tively. Lead concentrations were less than the action level of 
1,300 µg/L set by the U.S. Environmental Protection Agency 
(2003) for drinking water.

Atmospheric Deposition Conditions

Atmospheric deposition may be a substantial source of 
some contaminants to the Mosquito Lagoon Basin. Atmo-
spheric deposition contributes a substantial amount of nitrogen 
to some estuaries in the Nation. For example, about one-third 
of the nitrogen load to Chesapeake Bay originated from atmo-
spheric deposition to the land surface (U.S. Environmental 
Protection Agency, 2007), and atmospheric deposition may be 
a substantial source of trace elements to this estuary (Scudlark 
and others, 1994). Sources of nitrogen and trace element emis-
sions include fossil fuel combustion, fertilizer applications, 
animal excreta, soils, and waste incineration.

Table 10. Range in selected nutrient concentrations in ground 
water from the Mosquito Lagoon Basin, 1976-2004.

[SAS, surficial aquifer system; UFA, Upper Floridan aquifer; <, less than]

Constituent
Number  
of wells 

with data
Aquifer

Range in  
concentrations, 

in milligrams 
per liter

Nitrite plus nitrate nitrogen 9 SAS <0.02 to 0.87
Nitrite plus nitrate nitrogen 4 UFA .01 to .43
Organic plus ammonia 
nitrogen 9 SAS <.2 to 1.6

Ammonia nitrogen 9 SAS .04 to .94
Orthophosphate phosphorus 9 SAS <.017 to 1.3
Orthophosphate phosphorus 1 UFA .03
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and concentrations at site A2 ranged from 0.03 to 1.04 mg/L 
during 2003-07. Ammonia nitrogen concentrations at site A4 
ranged from below the method reporting limit (0.02 mg/L) to 
2.68 mg/L during 1983-2004, and concentrations at site A2 
ranged from below the method detection limit (0.01 mg/L) to 
1.56 mg/L during 2003-07.

Nitrate nitrogen concentrations in wet deposition at 
sites A2 and A4 were substantially lower from October to 
December compared to other times of the year. Data from 
site A4 indicated ammonia nitrogen concentrations were 
substantially greater from January to June than from July 
to December.

Table 11. Summary statistics of trace element concentrations in water from wells in the Mosquito 
Lagoon Basin, 1976-94.

[Concentrations in micrograms per liter; SAS, surficial aquifer system; UFA, Upper Floridan aquifer; MRL, method 
reporting limit]

Trace element Aquifer
Number of 
samples

Minimum Median Maximum

Aluminum SAS 6 21 75 1,800

Arsenic SAS 3 1 1 3

Arsenic UFA 4 <1 1 1

Barium SAS 9 7.5 13.0 54

Barium UFA 3 <MRL1 <MRL1 <MRL1

Cadmium SAS 5 0.2 1 1

Cadmium UFA 1 <MRL2 <MRL2 <MRL2

Chromium SAS 5 5 5 5

Chromium UFA 4 <MRL3 10.5 30

Copper SAS 5 5 10 10

Copper UFA 1 90 90 90

Lead SAS 7 1 1 4

Lead UFA 2 <MRL4 <MRL4 <MRL4

Mercury SAS 5 .1 0.1 0.2

Mercury UFA 4 <MRL5 <.5 .5 

Nickel SAS 5 10 10 20

Selenium SAS 5 1 1 2

Selenium UFA 4 <1 <1 <1

Silver SAS 5 <MRL6 1 1

Silver UFA 1 <MRL2 <MRL2 <MRL2

Zinc SAS 8 4 7 12

Zinc UFA 1 30 30 30

1Method reporting limit less than 100 micrograms per liter during 1976-83.

2Method reporting limit less than 1 microgram per liter in 1983.

3Method reporting limit ranged from 1 to 20 micrograms per liter.

4Method reporting limit ranged from 1 to 2 micrograms per liter during 1976-83.

5Method reporting limit ranged from 0.1 to 0.5 microgram per liter during 1976-83.

6Method reporting limit at 0.4 microgram per liter in 1983.

Nitrate and ammonia nitrogen were present in most wet 
deposition samples in the Mosquito Lagoon Basin. Nitrate 
nitrogen was present in 96 percent of the wet deposition sam-
ples at site A4 (fig. 1, table 4) and in 100 percent of the wet 
deposition samples at site A2 from 2003 to 2007. Ammonia 
nitrogen was present in 77 percent of the wet deposition 
samples at site A4 and in 95 percent of the samples at site 
A2. Nitrate and ammonia nitrogen concentrations varied sub-
stantially in the weekly wet deposition samples collected at 
these sites. Nitrate nitrogen concentrations in the weekly wet 
deposition samples at site A4 ranged from below the method 
reporting limit (0.001 mg/L) to 3.10 mg/L during 1983-2004, 
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Nitrate nitrogen also was present in all dry deposition 
samples at site A2 in 2003-07. Nitrate nitrogen concentrations 
in dry deposition at this site ranged from 0.39 to 2.50 mg/L. 
Ammonia nitrogen was present in about 60 percent of the 
dry deposition samples in 2003-05, and concentrations 
ranged from below the method detection limit (0.01 mg/L) 
to 0.16 mg/L. Ammonia nitrogen concentrations in the dry 
deposition were not reported at this site in 2006 and 2007.

Most of the nitrogen present in the wet deposition was 
deposited in the Mosquito Lagoon Basin in the form of nitrate. 
The amount of total nitrogen deposited at site A4 ranged from 
1.3 lbs/acre in 1986 to 3.9 lbs/acre in 2004, and was, on aver-
age, 2.3 lbs/acre (based on data from 1984-2005). This cor-
responded to an average annual basin-wide loading of 90 tons, 
assuming the atmospheric loading across the basin was 
similar to that at site A4. Nitrate was the predominant form of 
nitrogen deposited in the basin, and accounted for more than 
85 percent of the total wet deposition of nitrogen, on average.

Mercury was detected in all wet deposition samples col-
lected at site A3 (fig. 1, table 4). Concentrations in the wet 
deposition varied substantially. The average concentration was 
11.8 ng/L, and concentrations ranged from 2.2 to 47.1 ng/L in 
2003-07. About 2.76 oz of mercury, on average, was deposited 
in the Mosquito Lagoon Basin each year (2003-07), assum-
ing the concentration of mercury in wet deposition at site A3 
is similar to that deposited in the Mosquito Lagoon Basin. 
Part of the deposited mercury likely is sequestered in the soils 
within the basin, especially organic and clay soils (Gabriel 
and Williamson, 2004). Mercury associated with the soils, 
however, may be transported to Mosquito Lagoon in runoff 
(Gabriel and Williamson, 2004).

Assessment of Surface- and Ground-Water 
Resources

Urban development is the predominant factor that may 
affect the quality of water resources in the Mosquito Lagoon 
Basin, and the collection of additional data would help to 
improve the understanding of the impact of increased urban 
land use on the surface- and ground-water resources. The 
populations of some towns in the basin have increased about 
50 percent from 1990-2004, and population growth in these 
areas is expected to continue increasing (Walters and others, 
2001). Increased nutrient, pesticide, trace element, and VOC 
concentrations in surface and ground waters may result from 
urban development in the basin. National assessments of 
water-quality conditions have measured increased nutrient and 
pesticide concentrations in surface and ground waters from 
urban areas compared to undeveloped areas (U.S. Geological 
Survey, 1999; Gilliom and others, 2006). The occurrence of 
VOCs in ground water also has been related to urban land use 
and the presence of OSDS (Zogorski and others, 2006), and 
increased concentrations of copper, lead, mercury, and zinc in 
stream-bottom sediments have been associated with urban land 
use (Callender and Rice, 2000; Rice, 1999).

The pesticide monitoring conducted in the Mosquito 
Lagoon Basin based on compiled data likely is not representa-
tive of currently used compounds. Most pesticides analyzed in 
the surface and ground waters of the basin were organochlo-
rine insecticides. These pesticides were used heavily during 
the 1950s and 1960s (Gilliom and others, 2006), and generally 
not used during 1990-2006. Agricultural use of most of these 
insecticides was banned in the 1970s, and the remaining urban 
uses were cancelled during the 1980s. Of the 28 pesticides 
or pesticide degradates measured in the surface and ground 
waters in the Mosquito Lagoon Basin, only five compounds 
(2,4-D, dichlorprop, endosulfan, lindane, and methoxychlor) 
were in use from 1990 to 2004.

Organochlorine insecticides, however, still persist in the 
environment and may be present in Mosquito Lagoon Basin 
despite their decreased usage because many of these com-
pounds are resistant to degradation (Wong and others, 2000; 
Gilliom and others, 2006). These compounds are hydrophobic 
and would not be expected to be present in the water column, 
which was sampled in Mosquito Lagoon and in ground 
water from the basin. Concentrations of these insecticides 
also generally are higher in aquatic biota and bottom sedi-
ments compared to the water column because these organic 
compounds preferentially accumulate in these matrices 
(Wong and others, 2000). Only data on PCBs in fish tissue 
were compiled as part of the data analysis; data on pesticides 
in bottom sediments or in fish tissue were not compiled. Moni-
toring the bottom sediments or aquatic biota of the Mosquito 
Lagoon Basin for organochlorine insecticides and PCBs 
instead of the water column would better define the presence 
and distribution of these trace organic compounds in the basin.

VOCs may be present in shallow ground water in the 
Mosquito Lagoon Basin, especially in areas with urban land 
use or septic systems. Nationally, VOC occurrence in ground 
water has been related to several factors including urban land 
use, septic systems, and dissolved oxygen concentrations in 
the water (Zogorski and others, 2006). Data from one well 
sampled in 1983 suggested most VOCs were not present in 
water at reporting limits of 3 µg/L. VOCs present in ground 
water likely would not have been detected by analytical meth-
ods using reporting limits of 3 µg/L. National assessments of 
VOCs in ground water conducted using low-level methods 
have shown that 90 percent of the total VOC concentrations in 
samples were less than 1 µg/L (Zogorski and others, 2006).

The data on trace element concentrations in ground and 
surface waters of the Mosquito Lagoon Basin likely do not 
represent an adequate baseline for subsequent assessments. Data 
were available from three Upper Floridan aquifer wells and a 
cluster of three surficial aquifer system wells located near Oak 
Hill. Data from these few wells likely do not represent condi-
tions throughout the surficial aquifer system and Upper Floridan 
aquifer in the basin. The reported trace element data also may be 
affected by contamination because they were collected during 
1976-94, a period generally preceding documentation of trace 
element sample contamination from improperly decontaminated 
sampling equipment, preservation reagants, or the filtration 
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process (Windom and others, 1991; Taylor and Shiller, 1995; 
Ivahnenko and others, 2001). No information was available 
regarding the sampling and analytical methods used to collect 
these data to confirm adequate sampling techniques were used.

Additional data collection is needed to determine the 
quality of water from a drainage canal, which discharges 
untreated water into Mosquito Lagoon near Oak Hill (fig. 5b), 
and to improve understanding of spatial variations in water 
quality in the southern part of the lagoon. The potential 
effect of the canal on Mosquito Lagoon water quality pre-
viously was identified as an issue of concern by the NPS 
(Walters and others, 2001). The quality of the canal water is 
unknown because no data were available for analysis. Water-
quality data compiled for this study showed statistically 
significant differences in several constituent concentrations 
in the southern part of the lagoon, which is managed by the 
NPS. Thirteen of the 61 sites sampled in Mosquito Lagoon 
from 1999 to 2003 were located in the southern part of the 
lagoon, and most of these 13 sites primarily were sampled to 
determine bacteria counts. To better define the spatial distribu-
tion of water-quality constituents in Mosquito Lagoon, addi-
tional nutrient, suspended sediment, and organic carbon data at 
surface-water sites south of Oak Hill are needed.

Additional monitoring is needed to determine the effects 
that OSDS and other land-use practices have on the quality 
of the ground-water resources in the Mosquito Lagoon Basin 
and CANA. Few ground-water quality data were available in 
the part of the basin which encompasses CANA. Only three 
surficial aquifer system wells near Oak Hill (fig. 5b and table 8, 
wells 51-53) were sampled to determine nutrient concentrations 
in the vicinity of property managed by the NPS during 2000-04.

Some surface-water-quality monitoring networks, such 
as the USGS National Water-Quality Assessment Program 
(Gilliom and others, 1995), include monitoring of major ions. 
The complete suite of major ions generally was not monitored 
in Mosquito Lagoon from 1999 to 2003; however, additional 
monitoring of major ion concentrations probably is not war-
ranted because the distribution of estuarine vegetation and 
organisms is more affected by the salinity values, which regu-
late the osmotic pressure within aquatic organisms, rather than 
the concentrations of individual ions.

Development of a Water-Quality 
Monitoring Network

A proposed surface- and ground-water-quality monitor-
ing network was developed for CANA to supplement exist-
ing data coverage in the Mosquito Lagoon Basin. The goals 
were to: (1) assess the effects of increasing urban land use 
on the quality of Mosquito Lagoon, (2) assess unmonitored 
areas which may adversely affect the quality of Mosquito 
Lagoon, and (3) increase the spatial coverage of monitoring 
in the lagoon, particularly in the southern part where spatial 
variations in water quality occurred.

The proposed surface-water-quality network consists of 
two components—a synoptic site monitoring network and a 
fixed-station network. The synoptic site monitoring network 
will provide comprehensive data on the quality of Mosquito 
Lagoon from a larger number of sites compared to the fixed-
station network. Information from the synoptic site monitor-
ing network will form the basis for future adjustments to the 
proposed fixed-station monitoring network. The fixed-station 
monitoring network is intended to document any substantial 
spatial or temporal variations in Mosquito Lagoon water 
quality, including long-term temporal trends in water quality.

The synoptic site monitoring network consists of 
28 sites in Mosquito Lagoon (fig. 24, table 12). These sites 
were selected randomly using an iterating grid approach as 
described by Scott (1990). This approach was used to ensure 
the network included sites in the northern part of Mosquito 
Lagoon, which has the greatest density of urban land use. 
Preliminary attempts at synoptic site selection using simpler 
random selection approaches resulted in few sampling sites in 
the northern part of the estuary. The nonselection of sites in 
this area using the simpler random selection approaches likely 
was an artifact of the uneven distribution of open-water areas 
due to the large amount of islands. This resulted in poten-
tial sampling sites in the northern part of Mosquito Lagoon 
having little or no probability of being selected. Field recon-
naissance should be done of all potential water-quality sites 
prior to sampling.

The fixed-station monitoring network includes eight sites 
(fig. 24, table 13). Most of these sites, except for site F4, were 
previously sampled. Site F4 is located near the outlet of the 
canal in Oak Hill and would characterize the quality of water 
discharging into Mosquito Lagoon. Sites F1 to F3 and F5 to 
F8 would be sampled to further characterize the distribution 
of selected constituents in Mosquito Lagoon. Sites F1 to F3 
correspond to sites formerly sampled by Volusia County near 
Intracoastal Waterway channel markers 13A and 22. Site F7 
would be sampled to characterize conditions near Haulover 
Canal, and is co-located with site 55 (fig. 5a and table 5), 
which is currently (2006) being sampled by the FDACS to 
determine bacteria counts. The highest priority is to sample 
sites F1 to F3 to characterize conditions in the canal draining 
Oak Hill and to expand the water-quality characterization of 
Mosquito Lagoon within the rapidly urbanizing Oak Hill area.

Sampling the fixed-station monitoring sites for a wide 
suite of inorganic and organic constituents on a monthly basis 
will help document season variations in concentrations. The 
suite of constituents suggested for analysis of water-quality 
samples (tables 14-16) was selected to: (1) characterize the 
basic water chemistry; (2) determine compliance with the 
State of Florida class II water-quality criteria; and (3) monitor 
constituents indicative of urban land use, such as pesticides 
used in urban areas and other organic compounds indicative 
of human activities. An analysis of bottom sediments often 
is used to determine the occurrence and distribution of trace 
elements in surface-water systems rather than water samples 
because trace elements accumulate onto fine-grained par-
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ticles and organic matter in surface-water bodies (Shelton and 
Capel, 1994). Analysis of trace elements in water samples was 
included in the proposed network for CANA because these 
constituents are listed in the State of Florida water-quality cri-
teria for class II surface water bodies. Sampling fixed-station 
sites on a monthly basis will help characterize any seasonal 
variations in concentrations which likely occur. Sampling 
synoptic monitoring sites once during the winter (Jan. - Mar.) 
and summer (July - Sept.) will help characterize water quality 
over a wide range of hydrologic conditions. Analysis of pesti-
cides and other trace organic compound concentrations should 
consider using low-level methods such as those described 
by Zaugg and others (1995), Lindley and others (1996), 
Sandstrom and others (2001), Zaugg and others (2002), and 
Madsen and others (2003). Reporting limits for these meth-
ods range from about 0.01 to 0.08 µg/L. Analytical methods, 

Table 12. Synoptic monitoring sites for the proposed 
water-quality monitoring network for Canaveral 
National Seashore.

Site identifier Latitude Longitude

S1 29° 04′ 15′′ 80° 55′ 26′′

S2 29° 03′ 36′′ 80° 54′ 57′′

S3 29° 01′ 15′′ 80° 53′ 59′′

S4 28° 59′ 58′′  80° 53′ 29′′

S5 28° 59′ 45′′ 80° 53′ 59′′

S6 28° 59′ 07′′ 80° 53′ 44′′

S7 28° 56′ 58′′ 80° 51′ 18′′

S8 28° 56′ 45′′ 80° 52′ 17′′

S9 28° 55′ 28′′ 80° 49′ 51′′

S10 28° 54′ 24′′ 80° 49′ 22′′

S11 28° 53′ 20′′ 80° 50′ 35′′

S12 28° 53′ 20′′ 80° 49′ 22′′

S13 28° 51′ 50′′ 80° 49′ 51′′

S14 28° 50′ 20′′ 80° 46′ 13′′

S15 28° 50′ 20′′ 80° 47′ 40′′

S16 28° 49′ 41′′ 80° 46′ 42′′

S17 28° 49′ 03′′ 80° 47′ 40′′

S18 28° 47′ 58′′ 80° 44′ 46′′

S19 28° 47′ 59′′ 80° 46′ 13′′

S20 28° 45′ 24′′ 80° 45′ 30′′

S21 28° 44′ 46′′ 80° 42′ 20′′

S22 28° 44′ 46′′ 80° 44′ 46′′

S23 28° 43′ 41′′ 80° 42′ 06′′

S24 28° 43′ 41′′ 80° 43′ 33′′

S25 28° 42′ 24′′ 80° 40′ 24′′

S26 28° 41′ 20′′ 80° 41′ 23′′

S27 28° 40′ 41′′ 80° 40′ 10′′

S28 28° 40′ 03′′ 80° 38′ 43′′

using low reporting limits, will allow for early detection of 
any potential contaminants. Suggested analytes in the surface-
water-quality monitoring network include pesticides which are 
currently used in urban areas, such as fipronil and the pyre-
throid pesticides, cis-permethrin, cyfluthrin, and cypermethrin 
(Kreidich and others, 2005). Any pesticides or other trace 
organics analyzed in water samples as part of this network will 
need continued reassessment due to ongoing changes in the 
use of individual compounds.

The proposed ground-water-quality network will docu-
ment water-quality conditions in the surficial aquifer system 
and Upper Floridan aquifer in the Mosquito Lagoon Basin, 
including the effect that urban land use has had on water 
quality, and will determine compliance with State of Florida 
ground-water-quality criteria. Monitoring should emphasize 
the southern two-thirds of the basin where few data were 
available. About 20 wells are needed initially for sampling 
as part of this new monitoring effort—with one-half of these 
wells located in the surficial aquifer system and the remain-
ing wells in the Upper Floridan aquifer. Wells may be either 
existing or newly constructed. Sufficient information should 
be available from existing wells to determine: (1) the hydro-
geologic unit represented by the measured water, (2) whether 
the well was installed to monitor a known contaminant source, 
and (3) the well construction. About one-half of the wells 
sampled to determine water-quality conditions in the surficial 
aquifer system and Upper Floridan aquifer should be located 
in undeveloped parts of the basin to determine background 
conditions, and the remainder should be located in developed 
parts, especially urban-residential areas with OSDS, to quan-
tify the effect urban development has on ground-water quality. 
Consideration should be given to selecting or constructing wells 
in the upper parts of the surficial aquifer system and Upper 

Table 13. Fixed station monitoring sites for the proposed water-
quality monitoring network for Canaveral National Seashore.

[ICWW, intracoastal waterway; CM, channel marker]

Site 
identifier

Description Latitude Longitude

F1 Mosquito Lagoon near ICWW, 
CM 7 28° 52′ 62′′ 80° 50′ 22′′

F2 Mosquito Lagoon at ICWW, 
CM 13A 28° 51′ 20′′ 80° 49′ 20′′

F3 Mosquito Lagoon east of  
CM 13A 28° 51′ 19′′ 80° 48′ 42′′

F4 Outlet of Oak Hill  
drainage canal 28° 51′ 01′′ 80° 49′ 35′′

F5 Mosquito Lagoon at ICWW, 
CM 22 28° 50′ 06′′ 80° 47′ 60′′

F6 Mosquito Lagoon east of CM 31 28° 44′ 42′′ 80° 44′ 44′′

F7 Mosquito Lagoon 28° 46′ 45′′ 80° 46′ 26′′

F8 Mosquito Lagoon 28° 42′ 32′′ 80° 41′ 49′′
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Table 14. Trace elements, physical properties, nutrients, and other constituents suggested for 
analysis in water samples for the proposed water-quality monitoring network for Canaveral 
National Seashore. 

Trace elements Physical properties

Aluminum Salinity

Antimony Specific conductance

Arsenic Water temperature

Barium Water pH

Cadmium Dissolved oxygen concentration

Chromium Turbidity

Cobalt Nutrients
Copper Unfiltered phosphorus

Lead Filtered orthophosphate

Manganese Unfiltered organic plus ammonia nitrogen

Mercury Filtered ammonia nitrogen

Molybdenum Filtered nitrite plus nitrate nitrogen

Nickel Other
Selenium Suspended sediment

Silver Organic carbon

Uranium, natural Water color

Zinc Fecal coliform bacteria

Enterococcus group bacteria

Floridan aquifer, to provide an early warning of any possible 
ground-water contamination. Sampling wells annually will help 
determine trends in water quality conditions. It is suggested to 
analyze the same constituents as in the surface-water samples 
(tables 14-16) and volatile organic compounds (table 17). Simi-
lar to the fixed-station and synoptic sites, analysis of pesti-
cides or other trace organics in well water samples will need 
continued reassessment as a result of the initial findings when 
the network is implemented and due to ongoing changes in the 
use of individual compounds.

Collecting quality-control samples, including field blank 
samples, field replicate samples, and field matrix spikes (for 
pesticide and other trace organic constituents), will help docu-
ment the quality of data collected as part of the surface- and 
ground-water-quality monitoring networks. Knowledge of 
the quality of the data collected is necessary for proper data 
interpretations. Results from field blank samples can be used 
to identify potential contaminant sources and the magnitude 
of contamination, and results from field replicate samples can 
be used to quantify the variability in concentrations associ-
ated with sampling processing, handling, and analysis. Field 
matrix spike results can be used to assess the loss or gain of 
analytes due to the water-matrix characteristics, field process-
ing or handling, or laboratory analytical procedures. Consid-
eration should be given to collecting a field blank and field 
replicate sample during each sampling event for the synoptic, 
fixed-station, and ground-water-quality monitoring networks. 

Consideration also should be given to collecting field matrix 
spike samples quarterly for the proposed surface-water-quality 
monitoring network, and annually for the proposed surficial 
aquifer system and Upper Floridan aquifer ground-water-qual-
ity monitoring network. Standard procedures for collecting 
and processing quality-control samples are described in the 
USGS National Water-Quality Field Manual (U.S. Geological 
Survey, 1997-2006).

Mosquito Lagoon and the canal that drains part of Oak 
Hill needs to be assessed to determine the occurrence and 
distribution of organochlorine pesticides and PCBs. These 
compounds likely reside in the aquatic biota or bottom sedi-
ments. Sampling the bottom sediments of the lagoon and 
canal, as well as selected aquatic biota inhabiting these waters, 
will help to determine whether these constituents are pres-
ent. Bottom sediment and aquatic biota samples are needed at 
sites F1-F8 (fig. 24, table 13), with samples collected accord-
ing to USGS protocol (Crawford and Luoma, 1993; Shelton 
and Capel, 1994). Appropriate taxa for aquatic biota samples 
are organisms which are: (1) abundant within studied waters; 
(2) sufficiently sedentary to reflect concentrations in the 
study area but not so sensitive to be killed by low levels of 
contaminants; and (3) sufficiently long lived to integrate the 
effects of environmental exposure for several months. Bivalves 
and bottom feeding fish were used to assess the occurrence 
and distribution of trace hydrophobic organic contaminants 
in the USGS National Water-Quality Assessment Program 
(Wong and others, 2000).
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Table 15. Pesticides suggested for analysis in water samples for the proposed water-
quality monitoring network for Canaveral National Seashore.

[Def, defoliant; Fum, fumigant; F, fungicide; H, herbicide; I, insecticide; M, pesticide metabolite; N, 
nematocide 

Pesticide Type Pesticide Type

1-Naphthol M Fipronil sulfide M

2-chloro-2,6-diethylacetanilde M Fipronil sulfone M

2-ethyl-6-methylanline M Desulfinylfipronil M

3,4-dichloroaniline M Fipronil I

4-chloro-2-methylphenol M Fonofos I

Acetochlor H Hexazinone H

Alachlor H Iprodione M

2,6-diethylaniline M Isofenphos I

Atrazine H Malaoxon M

Azinphos-methyl H Malathion I

Azinphos-methyl, oxygen analog M Metalaxyl F

Benfluralin H Methidathion I

Carbaryl I Parathion-methyl I

Chlorpyrifos I Metolachlor H

Chlorpyrifos, oxygen analog M Metribuzin H

Cis-permethrin I Myclobutanil F

Cyfluthrin I Paraoxon-methyl M

Cypermethrin I Pendimethalin H

Dacthal H Phorate I

2-chloro-4-isopropylamino-6-amino-
s-triazine M Phorate oxygen analog M

Diazinon I Phosmet I

Diazinon, oxygen analog M Phosmet oxon M

Dichlorvos Fum Prometon H

Dicrotophos I Prometryn H

Dieldrin I Propyzamide H

Dimethoate I Simazine H

Ethion I Tebuthiuron H

Ethion monoxon M Terbufos I

Fenamiphos N Terbufos oxygen analog sulfone M

Fenamiphos sulfone M Terbuthylazine H

Fenamiphos sulfoxide M Tribufos Def

Desulfinylfipronil amide M Trifluralin H
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Table 16. Organic compounds, indicative of domestic and industrial waste, suggested for  
analysis in water samples for the proposed water-quality monitoring network for Canaveral  
National Seashore.

Constituent Constituent

Acetophenone Isophorone

Acetyl hexamethyl tetrahydronaphthalene (AHTN) Isopropylbenzene (cumene)

Anthracene Isoquinoline

Anthraquinone d-Limonene

Benzo[a]pyrene Menthol

Benzophenone Metalaxyl

5-Methyl-1H-benzotriazole Metalachlor

Bisphenol A Naphthalene

Bromacil 2,6-Dimethylnaphthalene

Bromoform 1-Methylnaphthalene

3-tert-Butyl-4-hydroxy anisole (BHA) 2-Methylnaphthalene

Caffeine p-Nonylphenol (total)

Camphor 4-Nonylphenol diethoxylates

Carbaryl 4-n-Octylphenol

Carbazole 4-tert-Octylphenol

Chlorpyrifos 4-Octylphenol diethoxylate (OPEO2)

Cholesterol 4-Octylphenol monoethoxylate (OPEO1)

Triethyl citrate (ethyl citrate) Phenanthrene

Tetrachloroethylene Phenol

2-beta Coprostanol Pentachlorophenol

Cotinine Tributyl phosphate

p-Cresol Triphenyl phosphate

p-Cumylphenol Tris(2-butoxyethyl) phosphate

Decafluorobiphenyl Tris(2-chloroethyl)phosphate

Diazinon Tris(dichlorisopropyl)phosphate

1,4-dichlorobenzene Prometon

N,N-diethyl-meta-toluamide (DEET) Pyrene

Fluoranthene Methyl salicylate

Hexadydrohexamethylcyclopentabenzopyran (HHCB) beta-Sitosterol

Indole beta-stigmastanol

3-Methyl-1(H)-indole (Skatole) Triclosan

Isoborneol
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Table 17. Volatile organic compounds suggested for analysis in ground-water-quality samples for the  
proposed water-quality monitoring network for Canaveral National Seashore.

Constituent Constituent Constituent

Acetone 1,4-Dichlorobenzene Methyl methacrylate
Acrylonitrile trans-1,4-Dichloro-2-butene 4-Methyl-2-pentanone
Benzene 1,1-Dichloroethane Naphthalene
Bromobenzene 1,2-Dichloroethane tert-Pentyl methyl ether
Bromochloromethane 1,1-Dichloroethylene n-Propylbenzene
Bromodichloromethane cis-1,2-Dichloroethylene Styrene
Bromoethene trans-1,2-Dichloroethylene 1,1,1,2-Tetrachloroethane
1,4-Bromofluorobenzene Dichlorodifluoromethane 1,1,2,2-Tetrachloroethane
Bromoform Dichloromethane Tetrahydrofuran
Bromomethane 1,2-Dichloropropane Tetrachloroethylene
2-Butanone 1,3-Dichloropropane Tetrachloromethane
Butylbenzene 2,2-Dichloropropane 1,2,3,4-Tetramethylbenzene
sec-Butylbenzene 1,1-Dichloropropene 1,2,3,5-Tetramethylbenzene
tert-Butylbenzene cis-1,3-Dichloropropene Toluene
tert-Butyl methyl ether trans-1,3-Dichloropropene 1,2,3-Trichlorobenzene
Carbon disulfide Diethyl ether 1,2,4-Trichlorobenzene
Chlorobenzene Diisopropyl ether 1,1,1-Trichloroethane
Chloroform Ethylbenzene 1,1,2-Trichloroethane
Chloroethane Ethyl methacrylate Trichloroethylene
Chloromethane Ethyl tert-butyl ether Trichlorofluoromethane
3-Chloropropene o-Ethyl toluene 1,1,2-Trichlorotrifluoroethane
2-Chlorotoluene Hexachlorobutadiene 1,2,3-Trimethylbenzene
4-Chlorotoluene Hexachloroethane 1,2,4-Trimethylbenzene
1,2-Dibromo-3-chloropropane 2-Hexanone 1,3,5-Trimethylbenzene
1,2-Dibromoethane Isopropylbenzene Vinyl chloride
Dibromomethane 4-Isopropyl-1-methylbenzene o-Xylene
Dibromochloromethane Methyl acrylate m- and p-Xylene
1,2-Dichlorobenzene Methyl acrylonitrile

1,3-Dichlorobenzene Methyl iodide

Summary

The Mosquito Lagoon Basin encompasses 124 mi2 in east-
central Florida. Mosquito Lagoon, the northernmost lagoon in 
the Indian River Lagoon system, comprises a large percentage 
of the basin. Canaveral National Seashore (CANA), a national 
park, comprises the southern two-thirds of the basin. Increas-
ing urban land use is a major issue in the basin. From 1994 to 
2004, the human population increased about 36 percent.

Knowledge of water-quality conditions in the basin is 
necessary for CANA staff to manage the waters of the park, 
effectively participate in state and local water management 
planning, and seek the highest level of protection for the water 
resources of the park. Surface- and ground-water quality data 
from the Mosquito Lagoon Basin were compiled and analyzed 

to describe historical and current monitoring in the basin, and 
summarize surface- and ground-water quality conditions with 
an emphasis on identifying those areas that require additional 
monitoring. A surface- and ground-water-quality network 
designed to meet CANA’s goals was developed.

Water-quality data compiled for this report were obtained 
from the U.S. Environmental Protection Agency’s STORET 
data system, U.S. Geological Survey (USGS) National Water 
Information System, or from the agency collecting the data. 
Data were analyzed to describe recent conditions in the 
Mosquito Lagoon Basin, when sufficient data were available. 
Most surface-water quality data analyzed were from 1999 to 
2003. The entire period of record was analyzed for pesticide, 
polychlorinated biphenyl, and trace element data in surface 
water and all ground-water-quality data (1954-2004) because 
these data were not collected as frequently.
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Most water-quality monitoring in the Mosquito Lagoon 
Basin has focused on assessing conditions in the lagoon. About 
two-thirds of the sites with data compiled for this report were 
sampled to determine conditions in Mosquito Lagoon. No data 
were located for the small tributaries or canals which discharge 
to the lagoon. The agencies who have sampled Mosquito 
Lagoon include: (1) Brevard County, (2) Florida Department of 
Agriculture and Consumer Services, (3) Florida Department of 
Environmental Protection (FDEP), Marine Resources Council 
of East Florida, (4) NASA, (5) St. Johns River Water Manage-
ment District (SJRWMD), (6) USGS, and (7) Volusia County. 
Ground-water-quality conditions in the basin have been assessed 
by the FDEP, SJRWMD, and USGS. The quality of atmospheric 
deposition in the vicinity of the basin has been measured by the 
National Atmospheric Deposition Program/National Trends 
Network, National Atmospheric Deposition Program/Mercury 
Deposition Network, and SJRWMD.

There were significant spatial and seasonal variations in 
water-quality constituent values in Mosquito Lagoon. Dissolved 
oxygen concentrations were significantly lower at sites in the 
southern part of the lagoon compared to the other areas. Fecal 
coliform bacteria counts varied among the shellfish harvesting 
areas. There were no significant spatial variations in enterococ-
cus group bacteria counts; however, these were only analyzed 
in the northern part of the lagoon. Total nitrogen and total 
suspended solids concentrations were significantly greater in 
the southern part of the estuary compared to other areas. Total 
phosphorus concentrations were significantly greater near the 
Ponce de Leon inlet (northern part of the study area) compared 
to the other sites. There were significant seasonal variations in 
many of the constituent values as well.

Trace organic, trace element, and ground-water-quality 
data were limited in the Mosquito Lagoon Basin. Available 
pesticide data were limited to organochlorine insecticide and 
degradate concentrations in water from Mosquito Lagoon and 
selected wells. Most of these compounds were not used from 
1990-2002. Additionally, these compounds are hydrophobic and 
would be expected to preferentially accumulate in aquatic biota 
and bottom sediments compared to the water column. Ground-
water-quality data were compiled from 55 wells in the basin. 
Most of these wells had not been recently sampled. Three of the 
55 wells had chloride or nutrient data from 1999 to 2004.

A surface- and ground-water-quality monitoring network 
was designed for CANA. Surface-water monitoring included a 
synoptic and fixed-station network. The fixed-station monitor-
ing network would include monitoring at eight sites, including a 
canal draining Oak Hill and sampling sites in the southern part 
of Mosquito Lagoon where spatial variations in water-quality 
constituents were quantified. Ground-water quality monitoring 
was proposed at about 20 wells in the surficial aquifer system 
and Upper Floridan aquifer. Wells in each of these aquifers 
would be further distributed between developed and undevel-
oped parts of the basin. A wide range of constituents should 
be considered for sampling, including physical properties, 
nutrients, suspended sediment, and constituents associated with 
increased urban development such as pesticides, other trace 
organic compounds associated with domestic and industrial 
waste, and trace elements.
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