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Multiply By To obtain

inch(in.) 254 centimeter
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degree Fahrenheit (°F) @) degree Celsius (°C)

O Temperature: °C = (temp °F-32)/1.8

Chemical concentration and water temperature are given only in metric units. Chemical concentration in water
isgiven in milligrams per liter (mg/L) or micrograms per liter (ug/L).
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FOREWORD

The mission of the U.S. Geologica Survey (USGS) is to assess the quantity and quality of the earth
resources of the Nation and to provide information that will assist resource managers and policymakers at Federal,
State, and local levelsin making sound decisions. Assessment of water-quality conditionsand trendsis an important
part of this overall mission.

One of the greatest challenges faced by water-resources scientists is acquiring reliable information that
will guide the use and protection of the Nation’s water resources. That challenge is being addressed by Federa
State, interstate, and local water-resource agencies and by many academic institutions. These organizatigns are c
lecting water-quality data for a host of purposes that include: compliance with permits and water-supply standards
development of remediation plans for a specific contamination problem; operational decisions on industrial, waste-
water, or water-supply facilities; and research on factors that affect water quality. An additional need for water-qual-
ity information is to provide a basis on which regional and national-level policy decisions can be basefd. Wise
decisions must be based on sound information. As a society we need to know whether certain types of watgr-qualit
problems are isolated or ubiquitous, whether there are significant differences in conditions among regions| whethe
the conditions are changing over time, and why these conditions change from place to place and over fime. Th
information can be used to help determine the efficacy of existing water-quality policies and to help analys|s deter-
mine the need for and likely consequences of new policies.

To address these needs, the Congress appropriated funds in 1986 for the USGS to begin a pilo{ prograt
in seven project areas to develop and refine the National Water-Quality Assessment (NAWQA) Program. jn 1991,
the USGS began full implementation of the program. The NAWQA Program builds upon an existing base df water-
quality studies of the USGS, as well as those of other Federal, State, and local agencies. The objectiyes of tt
NAWQA Program are to:
» Describe current water-quality conditions for a large part of the Nation’s freshwater
streams, rivers, and aquifers.

» Describe how water quality is changing over time.

* Improve understanding of the primary natural and human factors that affect water-
quality conditions.

This information will help support the development and evaluation of management, regulatony, and

monitoring decisions by other Federal, State, and local agencies to protect, use, and enhance water resources.
The goals of the NAWQA Program are being achieved through ongoing and proposed investigatiops of 60
of the Nation’s most important river basins and aquifer systems, which are referred to as study units. These stud
units are distributed throughout the Nation and cover a diversity of hydrogeologic settings. More than twp-thirds
of the Nation’s freshwater use occurs within the 60 study units and more than two-thirds of the people s¢rved by
public water-supply systems live within their boundaries.
National synthesis of data analysis, based on aggregation of comparable information obtained {from the
study units, is a major component of the program. This effort focuses on selected water-quality topics using nation
ally consistent information. Comparative studies will explain differences and similarities in observed water{quality
conditions among study area and will identify changes and trends and their causes. The first topics addfessed |
the national synthesis are pesticides, nutrients, volatile organic compounds, and aquatic biology. Discugsions o
these and other water-quality topics will be published in periodic summaries of the quality of the Nation’s|ground
and surface water as the information becomes available.

This report is an element of the comprehensive body of information developed as part of the NAWQA Pro-
gram. The program depends heavily on the advice, cooperation, and information from many Federal, State, intel
state, Tribal, and local agencies and the public. The assistance and suggestions of all are greatly appreciated.

Robert M. Hirsch
Chief Hydrologist




Analysis of Nutrients in the Surface Waters of the
Georgia—Florida Coastal Plain Study Unit, 1970-91

By Lisa K. Ham and Hilda H. Hatzell

Abstract the Suwannee River basin, perhaps due to waste-
_ _ ~water discharges. For all sites within the Withla-
During the early phase of the Georgia—Floridacoochee, Aucilla, and St. Marys River basins,
National Water Quality Assessment study, existingmedian concentrations of nitrate, ammonia, and
information on nutrients was compiled and ana- total phosphorus were below the USEPA guide-
lyzed in order to evaluate the nutrient concentra-|jines.
tions within the 61,545 square mile study unit. Nutrient data at each monitoring site within
Evaluation of the nutrient concentrations collectedbach major basin were aggregated for comparisons
at surface-water sites between October 1, 1970, of median nutrient concentrations among major
and September 30, 1991, utilized the environmeryasins. The Ochlockonee and Hillsborough River
tal characteristics of land resource provinces, lan)asins had the highest median nutrient concentra-
use, and nonpoint and point-source discharges tjons, the Aucilla River basin had the lowest.
within the study unit. Long-term trends were  Median concentrations of nitrate and ammonia
investigated to determine the temporal distributioramong all major basins were below USEPA guide-
of nutrient concentrations. In order to determine gines. The median total-phosphorus concentrations
level of concern for nutrient concentrations, the for the fo”owing river basins exceeded the USEPA
U.S. Environmental Protection Agency (USEPA) guideline—Hillsborough, St. Johns, Suwannee,
guidelines were used—(1) for nitrate concentra- Qchlockonee, Satilla, Altamaha, and Ogeechee.
tions, the maximum contaminant level in public- - Although nutrient concentrations within the
drinking water supplies (10 mg/L); (2) for ammo- sty dy unit were low, long-term increasing trends
nia concentrations, the chronic exposure of aquatigere found in all four nutrients. All 18 study-unit
organisms to un-ionized ammonia (2.1 mg/L);  wide nitrate trends had increasing slopes ranging
(3) for total-phosphorus concentrations, the rec- from less than 0.01 to 0.07 (mg/L)/yr. The range in
ommended concentration in flowing water to dis-g|ope for the 13 ammonia trends was -0.03 to

courage excessive growth of aquatic plants 0.01 (mg/L)/yr with 6 increasing trends in the
(0.1 mg/L); and (4) for kjeldahl concentrations, northern part of the study unit. Of the 17 total-
however, no guidelines were available. phosphorus trends found in the study unit, 10 were

For sites within the 10 major river basins, found at sites where the median concentration
median nutrient concentrations were generally exceeded the USEPA guideline. At these 10 sites,
below USEPA guidelines, except for total-phos- 4 sites had increasing trends with slopes ranging
phorus concentrations where 45 percent of the from less than 0.01 to 0.07 (mg/L)/yr, 5 sites had
medians exceeded the guideline. The only mediadecreasing trends with slopes ranging from -0.01
ammonia concentration that exceeded the guideto -0.24 (mg/L)/yr, and one site showed a seasonal
line occurred at the Swift Creek site (3.4 mg/L), inconcentration trend.

Abstract 1



Median nutrient concentrations were signifi- ronmental context with particular emphasis on nutri-
cantly different among the four land resource prov-  entsin surface waters in the GAFL study unit.
inces—Southern Piedmont, Southern Coastal Plain, Nutrients, such as nitrogen and phosphorus, in sur-
Coastal Flatwoods, and Central Florida Ridge. As acewater may bein solution or adsorbed to sediments.
result, nutrient concentrations among basins with Species of nitrogen discussed in thisreport are nitrate,
similar nutrient inputs but located within different @mmonia, and organic nitrogen plus ammonia
land resource provinces are not expected to be thEd€danl). Total phosphorusis the only species of
same due to differences in the combination of fac-IOhOSIOhOIrUSInCI uded in this report. Nitrate is very

tors such as soil permeability, runoff rates, and soluble in water, and although ammonia may occur in
P Y, ' solution to some extent, the ammonium ion often is

Streqm chqnngl slopgs..This conceptis an importa%und to sediment (Jordan and Stamer, 1991). Nitrate
consideration in designing a surface-water quality .an he the oxidized end product of nitrogenous fertil-
network within the study area. For the most part, thgzer and human and animal wastes, and most of the
Coastal Flatwoods showed the lowest median nutrrganic nitrogen is probably derived from degraded
ent concentrations and the Southern Coastal Plairplant and animal material (Jordan and Stamer, 1991).
had the highest median nutrient concentrations. Phosphorusisacommon element in igneous rock and
Lower median nitrate concentrations in surfacetsaso fairly abundant in sediments, but concentrations
water basins were associated with the forest/wet- present in solution in natural water generally are not
land land-use category and higher median concerflior€ than afew tenths of amilligram per liter (Hem,

trations of nitrate and ammonia with the urban ~ 1985)- Sources of phosphorusin the GAFL study unit

category when land-use percentages were classifiéfF Ude: discharges from wastewater-treatment facili-

. X . ies, liv k ions, minin iviti ricul-
into four land-use categories (agriculture, for- es, livestock operations, g activities, agricu

. tural ff, fertilizer st d the breakd d
est/wetland, mixed, and urban). These results werg o TUNOT, TEMIZEr SI0rage, and the breakdown an

. . ) &osion of phosphorus-bearing minerals in sediments.
reasonable based on expected high nutrient inputs Nutrientsin surface water, although present natu-
from urban areas and low inputs from forested an(;iaIIy can increase because of human activity. Nutrient
wetland areas. However, the lack of association concentrations are rel atively low in areas considered

between high nutrient concentrations and the pristine, such as forests and wetlands. Generally,

agricultural land-use category was not expected elevated levels of nutrients can be attributed to point
since high nutrient inputs are generally needed forsources or nonpoint sources, usually associated with
agriculture production. land use practices, and to tributary flow with higher
nutrient concentrations. Conversely, wetlands can
decrease nutrient concentrations by decreasing the
INTRODUCTION sediment and contaminant load in the water that filters
The GAFL study unit is 61,545 mi?in areaand throggh the wetlan_d (Carter, 1986). Also, ‘?'ecfea% in
7 ) . . nutrient concentrations can be aresult of dilution from
encompasses 10 magjor river basins (fig. 1). The envi-

ronmental setting of the GAFL study unit has been the int(?racti on of surf_ace water Wit.h ground Watq or
described in areport entitled Environmental setting and from tributary flow Wl.th lower nutrient concentrati gns
implications for water quality in the Georgia—Florida Inorder to determinealevel of concern for nutrient
Coastal Plairby Berndt and others(1995) andincludes ~ concentrations, the USEPA guidelines and standards
adescription of theimportant environmental influences ~ Were used asapoint of reference. The MCL for nitrate
on water quality in the study unit. A report entitled concentrations in public-drinking water suppliesis
Sampling design and procedures for fixed surface- 10 mg/L, which isthe USEPA standard (U.S. Environ-
water sites in the Georgia—Florida Coastal Plain study mental Protection Agency, 1986). The USEPA also has
unit, 1993by Hatzell and others (1995) describes the recommended upper concentration limits for ammonia
surface-water sampling network in the context of these ~ concentrations in surface water based on chronic and
environmental influences and lays the groundwork for acute exposure of aquatic organisms to un-ionized
adesign to evaluate data gathered during the study. ammonia (U.S. Environmental Protection Agency,
This report examines historical datain the same envi- 1986). Within the ranges of pH (6.5-9.0) and

2 Analysis of Nutrients in the Surface Waters of the Georgia—Florida Coastal Plain Study Unit, 1970-91



temperature (0-30°C) for most natural surface waters,
total ammonia concentrations greater than about

2.1 mg/L exceed the guideline for chronic concentra-
tion. At high pH (about 9.0) and temperature (about
30°C), the guideline can be exceeded by total ammonia
concentrations aslow as 0.07 mg/L. Thereare no
USEPA or state guidelinesfor kjeldahl concentrations.
To discourage excessive growth of aguatic plantsin
flowing waters that do not discharge directly into lakes
or impoundments, the USEPA (1986) recommended
upper concentration limit for total-phosphorus concen-
trationsis 0.1 mg/L as phosphorus. The median total-
phosphorus concentration in U.S. rivers (1974-81) was
0.13 mg/L (Smith and others, 1987). The median total-
phosphorus concentrations in Florida streams was
0.11 mg/L (Friedemann and Hand, 1989).

Purpose and Scope

The purpose of this report is to describe and
evaluate historical surface-water nutrient concentra-
tions within the GAFL study unit. Nutrient concentra-
tions are analyzed and presented in relation to land
resource provinces, land-use categories, nonpoint and
point sources, major hydrologic basins, changesin
nutrient concentrations along the river (river miles),
and long-term trends. However, the data used in this
report were not specifically collected for this type of
analysis, but were compiled from surface-water sam-
pling networksthat were designed to meet various state
and local needs.

For purposes of analysisin thisreport, the study
unit is divided into 10 mgjor river basins and noncon-
tributing coastal areas (fig. 1). The major river basins
included are the: Altamaha, Hillsborough, Withla-
coochee, Ochlockonee, Ogeechee, St. John, St. Mary,
Satilla, Suwannee, and Aucilla. Water-quality data
collected between October 1, 1970, and September 30,
1991, were used in this report. Ground-water nutrient
information for the GAFL study unit isaddressed in a
separate USGS report (Berndt, 1995).

Description of the Study Unit

Riversin the study unit can generally be described
as either aluvial, blackwater, or springfed, although
some rivers are combinations of these types. Alluvial
riverstypically originate in upland areas and carry sed-
iment and inorganic nutrientsto coastal soundsor bays.

Inanatural system, the primary source of nutrients for
organismsin aluvial riversis detritus from vegetation
that is washed from the floodplain. Nutrients may be
bound up with suspended organic matter and clay
particles of sediment load of aluvia rivers (Clewell,
1991). Low-gradient rivers which drain coastal plains
and typically contain water that is dark-colored are
referred to asblackwater rivers. Blackwater rivershave
acidic water with a comparatively high content of nat-
urally occurring organic compounds. Fallen leaves and
other detrital remains accumulate in blackwater rivers
(Clewell, 1991). springfed rivers are most common in
karst areas in north-central Florida and south-central
Georgia.

Land resource provinces provide a useful subdivi-
sion of the study unit to examine the effects of general-
ized soilson observed water quality (Berndt and others,
1995). Theland resource provinces present in the study
unit include the Coasta Flatwoods, the Southern
Coastal Plain, the Central Florida Ridge, the Southern
Piedmont, and the Sand Hills (fig. 2).

Land uses within the study unit include: forest,
agriculture (citrus and row crops, orchards, and hay),
wetland, urban, rangeland, and mining (fig. 2). Nearly
half of the study unit is covered by forest (47.9 per-
cent); much of thisis planted by the paper industry for
silviculture. Agricultural land, which occurs primarily
within the Southern Coastal Plain and the Central Flor-
ida Ridge, accounts for 27.8 percent. Much of the wet-
lands, 15.8 percent study-unit wide, are located along
the coastal areas, the Okefenokee Swamp in southeast-
ern Georgia, and along major riversin the study unit.
Major urban areas account for 4.4 percent of land use
in the study unit and aside from Atlanta, Ga., are
located mainly along the Atlantic Coast and in Orlando
and Tampa, Florida. The remaining land uses relate to
the actual land cover—water with 2.7 percent and bar-
ren areas with 1.4 percent. Figure 2 is a composite of
1972 land use (Anderson and others, 1976) with 1990
urban land use (Hitt, 1994) superimposed over it.

Wastewater discharges within the study unit in
1990 were estimated at nearly 1,215 Mgal/d (Marella
and Fanning, 1995). Surface-water disposal includes
effluent discharges in bays, rivers, streams, ditches, and
wetlands. The amount of water released to ground- and
surface-waters from these discharges is affected by
runoff, evaporation, and evapotranspiration.

Introduction 3
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Figure 1. Location of major basins and surface-water quality sites.



340

33¢

32°

31°—

300 —

85° 84° 83° 82° 81°

EXPLANATION
LAND USE

i T T l :
o Southern Piedmont
. Wh Sand Hills
e _ Southem Coastal Plain
o G N Central Florida
Coastal Flatwoods e RN N ,

o bl

® / & R :
A 5 5 RS > X \ h
T T T T W T4 N
100 KILOMETERS % . - ;.
. I |

Figure 2. Land use and land resource provinces within the study unit.

Analysis of Nutrients in the Surface Waters of the Georgia—Florida Coastal Plain Study Unit, 1970-91



Methods of Analysis

Nitrate nitrogen, ammonia nitrogen, and kjeldahl
nitrogen will be referred to as nitrate, anmonia, and
kjeldahl, respectively, throughout the remainder of this
report. Nutrient concentrations were modified by
aggregating datafor related parameters which were not
statistically different between samples when replicate
sampleswere analyzed (Mueller and others, 1995). For
example, the term ammonia refers to the aggregate of
total and dissolved ammonia. Theterm nitraterefersto
the aggregate of total nitrite-plus-nitrate, dissolved
nitrite-plus-nitrate, total nitrate, and dissolved nitrate.
Since kjeldahl is a measurement of ammonia and
organic nitrogen, theamount of organic nitrogen can be
derived from the figures used in this report by subtract-
ing the ammonia concentrations from the kjeldahl con-
centrations; however, analysis of organic nitrogen is
not included in this report.

River basins are used as a major theme throughout
this report. Mgjor river basins were obtained using the
accounting hydrologic code. The hydrologic-unit code
(huc) consists of four groups. For example, the huc of
03110204 is divided into aregional (03), a subregion
(11), an accounting unit (02), and a cataloging unit
(04). Major basinsfor thisreport are the: Hillsborough
(huc 03100205), Withlacoochee (huc 03100208),

St. Johns (huc 03080101-03), Suwannee (huc 03110201-
06), Aucilla (huc 03110103), Ochlockonee (huc
03120002-03), St. Marys huc 03070204), Satilla (huc
03070201-02), Altamaha (huc 03070101-07), Ogeechee
(huc 03060201-03). Coastal areas were excluded in the
data analysis of major basins because coastal areasin
Georgiadiffer hydrologically from the coastal areasin
Florida. However, sitesin coastal areas were included
in dataanalysis of all other sections of this report. For
river mile analyses, within each major basin, siteswere
selected on the basis of location, number of samples,
and drainage area (the most downstream site was
selected if too many sites existed on the same tribu-
tary). Generally, the length of each major river was
divided into three segments from the headwatersto the
mouth—upper, middle, and lower.

Throughout the report the Kruskal-Wallis
(Chi-square approximation) test was performed to
determine if median nutrient concentrations were

0.05. The results of the pairwise comparisons are
interpreted such that any two boxplots that are the
same color are not significantly different statistically
whereas any two boxplots that are not the same color
are statistically different (see fig. 3 for example). If two
colors are shown for one boxplot, the mean rank was
not significantly different from other mean ranks iden-
tified by either one of those colors.

To distinguish nutrient concentrations of concern
from concentrations that are not of concern the USEPA
(1986) guidelines and standards were used as a point of
reference. Gray shading was used to highlight areas in
the boxplot diagram above the USEPA guideline or
standard and white areas in the diagram represent con-
centrations below the guideline. According to USEPA
(1986), the MCL for nitrate in public-drinking water is
10 mg/L; therefore, gray shading was used for concen-
trations greater than 10 mg/L and the white area is for
concentrations less than 10 mg/L. Even when concen-
trations are below the guideline or standard, evaluation
of the differences among data groups is informative.

Florida land resource areas (Caldwell and Johnson,
1982) and Georgia soil provinces (Perkins and Shaffer,
1977) were combined and generalized to produce the
study unit land resource provinces. A monitoring
station within a river basin was included in the analysis
of the land resource provinces if at least 90 percent of
the basin was within a single land resource province.
Additionally, more than 90 water-quality samples per
basin were required for inclusion in data analysis to
exclude data from short-term sampling programs. Data
from 59 basins met the criteria and were composited to
represent the 4 land resource provinces.

Using the intersection of USGS digital land-use
data from 1972 (Anderson and others, 1976) with indi-
vidual site locations within basins provided the percent
agriculture, percent forest, percent urban, and percent
wetland for each basin. The following algorithm was
used to create land-use categories in each basin: agri-
cultural if percent agriculture was greater than 40 and
percent urban was less than 10; forest if percent agri-
culture was less than 20 and percent urban was less
than 10 and percent forest plus percent wetland was
greater than 60; urban if percent agriculture was less
than 15 and percent urban was greater than 20; mixed

significantly different between groups at an alpha leveif the basin was not already considered agriculture,
of 0.05. In addition, the Tukey studentized range test forest, or urban. Forested and wetland categories were
on the mean of the ranks by group concentrations wasombined and will be referred to as forested/wetland

used in pairwise comparisons to determine which

for the remainder of this report. From the initial group

groups were significantly different at an alpha level ofof 144 basins, 62 basins were selected for land-use data
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analysis because the basins were independent of one
another (non-nested) and were considered to be repre-
sentative of the predominant land use. One site was
dropped from the 62 basins because the areais asmall
forested basin that has alarge phosphate mine effecting
the nutrient concentrations. The median concentrations
for land-use categories were calculated for each site
using samples collected over time, resulting in one sta-
tistic for each nutrient per site. Median concentrations
for each land-use category were calculated from the
median concentrations for each site.

Nonpoint sources of discharge (animal wastes, fer-
tilizer application, atmospheric deposition, and septic-
tank discharges) have been compiled and normalized
by county size to estimate the amount of nitrogen and
phosphorusinputsintons per square mile applied tothe
land (Berndt, 1995). Population data were obtained
fromthe U.S. Census Bureau and identify census block
centroids with greater than 1,000 persons for 1990
(U.S. Bureau of Census, 1991a,b). Point-source data
from NPDES provided average domestic (municipal)
wastewater discharges per day for 1990 (Marellaand
Fanning, 1995).

Long-term trends were determined for each site
using the program ESTREND. A hierarchical system
was used to report flow-adjusted concentration trends
and unadjusted concentration trends for each site.

If both a flow-adjusted concentration and a concen-
tration trend existed for a particular site then only the
flow-adjusted concentration trend was reported.

In addition to thesetrends, seasonal trends arereported.
A minimum of eight years of continuous nutrient and
discharge data were required for the selection of a site.

The Seasonal Kendall test was used to test for
concentration and flow-adjusted concentration trends.
For data sets with less than 15 percent censored data
(valuesless than the reporting limit), all censored val-
ues are assigned one half of their reporting limit. For
data sets with more than 15 percent censored data, all
values that are less than the reporting limit are consid-
ered tied. The Seasonal Kendall test isanonparametric
test for monotonic trends in water quality and is a gen-
eralization of the Mann-Kendall test. The null hypoth-
esisfor the Mann-Kendall test is that the probability
distribution of the random variable has not changed
over time (Schertz and others, 1991).The Seasonal
Kendall test statistic is cal culated asasummation of the
Mann-Kendall test statistics for each month (Hirsch
and others, 1982). For data sets with less than 15
percent censored data, flow-adjusted and concentration

trends were cal culated. The model used for calculating
the flow-adjusted trends was the LOWESS smooth fit
to log transformed concentration and flow (Cleveland,
1979). For data sets with greater than 15 percent
censored data, only concentration trends were
calculated.

According to Schertz and others (1991), the rate of
change over time (trend slope) is computed by the
method described by Sen (1968). The trend slope,
expressed as change in original units per year, isthe
median slope of all pairwise comparisons (each pair-
wise difference is divided by the number of years
separating the pair of observations). The trend slopeis
also expressed as a percent of the mean water-quality
concentration by dividing the dope (in original units
per year) by the mean and multiplying by 100. For
water-quality constituentsthat are log transformed, the
slope, expressed as changein original units per year, is
computed as:

Slope=(¢’-1) C (@)

where b isthe Seasonal Kendall slope estimate in
log units and C is the mean concentration.

Therate of change in percent per year for log
transformed constituents is computed as:

Slope = (¢’ - 1) 100 (2

where b is the Seasonal Kendall slope estimate in
log units.

Equations 1 and 2 provide an exponential rather than a
linear estimate of the rate of change in water-quality
constituent. Hence, values for the trend measured for
the log-transformed data represent only the amount of
changefor 1 year.

A trend wasconsidered to be significant at an alpha
level of 0.05. A trend was considered increasing if the
slope was positive, considered decreasing if the slope
was hegative, and no trend existed if the p value
(probability of incorrectly rejecting the null hypo-
thesis) was greater than 0.05. Seasons are defined as.
winter (January through March), spring (April through
June), summer (July through September), and fall
(October through December). These seasonal defini-
tions were selected based on weather patterns over the
entire study unit.
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Available Surface-Water Nutrient Data basin had the largest number of NWIS samples for
kjeldahl (1,926 samples). The smallest number of
NWIS samples were obtained from the Ogeechee River

from USEPA's STORET data base for water years  pagin for nitrate (742 samples), kjeldahl (183 samples),
(October 1-September 30) 1981 through 1990, and 5 monia (702 samples), and total phosphorus
from USGS’s NWIS data base for water years 1970 (741 samples).

through 1991. STORET data includes data collected by

Federal, State, and local agencies. NWIS data includes

data collected by USGS personnel only. NWIS data Acknowledgments

only were used for data analysis because the number of

samples from NWIS data were adequate for data anal- As authors, we would like to acknowledge the

ysis and NWIS data has known sampling and analyticafollowing people for their efforts in working on this

techniques. report: the late Clyde Asbury, a hydrologist from the
The Altamaha River basin had the largest numbetUSGS, for his knowledge and insight in developing the

of NWIS samples for nitrate (5,235 samples), ammonidoundation on which this report was written; the col-

(5,167 samples), and total phosphorus (5,051 samplegium of G.A. Irwin, G.L. Giese, and D.J. Wangsness

(table 1). The Hillsborough/ Withlacoochee River from the USGS and Mary Paulic from FDEP for their

suggestions for improving the report; the

Table 1. Summary of STORET and NWIS nutrient data editorial staff of Teresa L. Embry and

Twila D. Wilson; and Agustin A.

Sepulveda for generating map coverages.

In 1992, historical nutrient data were retrieved

(see f'\i’gaj‘;rfsf‘f;rc‘a“on gu;nber of Samplses . OMedian Values A special thanks to Ronald S. Spencer for
: TORET  NWI TORET  NWI : :
of major basins) (1981-90) (1971-91)  (1981-90) (1o71-01y  creating all of the figures.
Nitrate nitrogen
Altamaha 7,099 5235 0.47 0.38
Hillsborough/Withlacoochee 1,194 2,445 0.21 0.08 FACTORS INFLUENCING
Ochlockonee 1,034 1,008 0.21 0.40
Ogesches M 2 0.08 0.0 NUTRIENT CONCENTRATIONS
St. Johns 16,794 1,705 0.07 0.03
St. Marys/Satilla 368 966 0.02 0.06 Factors that were analyzed to examine
Suwannee/Aucilla 1,982 2,716 0.15 0.19

their relationship with water quality

Kjeldahl nitrogen include: basin size, land resource prov-

Altamaha 1,902 1,057 0.40 0.40 : _ : :
Hillsborough/Withlacoochee 2,382 1,926 0.60 0.90 INCes, ,Iand_ use categories, and pOI,nt and
Ochlockonee 662 417 0.63 0.60 nonpoint discharges. No relationship was
Ogeechee 564 183 0.45 050 in si i -
il 9,480 108 110 100 found petween basin size and nl_Jtrlent con
St Marys/Satilla 818 306 0.79 071 centrations. There was some evidence that
Suwannee/Aucilla 3,342 1,106 100 0.78 smaller basins (less than 200°ntended
Ammonia nitrogen to have higher nutrient concentrations;
Altamaha 9,756 5,167 0.07 0.06 however, because of the small number of
Hillsborough/Withlacoochee 2,482 2,433 0.12 0.03 ; ; ; H
Ochlockones 5204 s 0.10 007 basins larger than 200 fna relationship _
Ogeechee 1,896 702 0.05 0.04 could not be established. Therefore, basin
St. Johns 19,086 1,699 0.12 0.04 i i i
: , ize was n f rin the analysi
St. Marys/Satilla 3,094 940 0.05 0.04 Size was not used as atactorin the analysis
Suwanneg/Aucilla 6,494 2,664 0.07 0.05 of nutrient concentrations.
Total phosphorus Point sources are locations at which
Altamaha 7,201 5,051 0.10 0.09 pollutants are released at a managed rate
Hillsborough/Withlacoochee o0 2,292 - 0.11 (Wanielista, 1976). Nonpoint sources are
Ochlockonee €0 969 -- 0.22 . ..
Ogeechee s 741 - 0.07 locations or land uses not requiring an
g- I\lﬂohnsS/Sd_” 6198 1,822 0.05 g-gg NPDES permit and from which pollutants
aA G @ 2,646 . 0.21 are usually dispersed, anq are released at
an unmanaged rate (Wanielista, 1976).
@ Theretrieval of STORET data could be incomplete. Both p0|m and nonpomt sources may

degrade water quality. In this report, point
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sources of discharge are defined as domestic waste-
water discharges. Nonpoint sources include animal
wastes, fertilizers applied to the land, and septic-tank
discharges. Population density influences nonpoint
source discharges.

Land Resource Provinces

Land resource provinces areregional areas created
by generalizing soil properties over large areas. Soil
properties are formed by the following environmental
factors acting over time: parent material, climate, liv-
ing organisms, and topography (Brady, 1984). These
environmental factors also influence the hydrologic
characteristics of land areas. Thus, soilsand hydrology
are often closely associated and can interact to influ-
ence nutrient concentrations in water. Specific soil and
hydrologic characteristics that affect water quality
include soil permeability, solubility of mineralsin the
s0il, time of contact of soilswith the water, runoff rate,
and the stream-channel slope.

The land resource provinces represent various
combinations of the environmental factors expressed
over regional areas. The purpose of evaluating nutrient
concentrations by land resource province was to
determinewhether regional areas such asland resource
provinces should be afactor in surface-water site selec-
tion and nutrient data analysis for the study unit.

For instance, when comparing nutrient concentrations
between two surface-water sites, each in adifferent
land resource province, differences in nutrient concen-
trations might be related to differences in the environ-
mental factors that influence the two provinces. Within
the study unit, 59 basinswereincluded for dataanalysis
of the relationship between nutrient concentrations and
land resource provinces (see methods section of this
report).

The land resource provinces present in the study
unit include: the Coastal Flatwoods, the Southern
Coastal Plain, the Central Florida Ridge, the Southern
Piedmont, and the Sand Hills (fig. 2). The Sand Hillsis
not included in this data analysis due to lack of river
basins with available nutrient data. The Coastal Flat-
woods consists of nearly level plains, marshes, and bar-
rier islands, along with a set of low terraces. The soils
inthisareaare frequently poorly drained; streams have
dissolved organic matter (blackwater), low gradients,
wideflood plains, and originatein or flow through wet-

lands. The Southern Coastal Plain consists of broad
interstream areas with gentle and deeply-incised val-
leys. Large areas of these soilsin the study unit arein
forests, with lumber and some pul pwood production
(Soil Conservation Service, 1975). The Central Florida
Ridge is characterized by hills, ridges, terraces, and
many lakes, and is marked by the characteristics of
karst topography, such as, numerous sinks, sinkhole
lakes, sinking streams, and springs (Caldwell and
Johnson, 1982). In spite of abundant rainfall, some
parts of the area have very few streams, with most of
the precipitation recharging ground water. The soilsin
this province are characterized by low water-holding
capacity and high permeability (Soil Conservation
Service, 1975). The Southern Piedmont is an area char-
acterized by mountain ridges with steep slopes, some
foothills, and narrow valleys.

A general association exists between land resource
provinces and land use (fig. 2). For example, the South-
ern Coastal Plain and the Central FloridaRidgetend to
be dominated by agriculture. The Coastal Flatwoodsis
dominated by forestsand wetlandsin the central part of
the study area and by agriculture in the southern part.
The Sand Hillsis mostly forest whereas the Southern
Piedmont is a mixture of forest, agriculture, and urban
settings. This association of land uses with land
resource provinces occurs because the soil-forming
environmental factors areimportant in both. However,
as factors influencing water quality, land resource
provinces are not synonymouswith land uses. Theland
resource provinces are influenced by the soil and
hydrologic properties. In contrast, land uses are influ-
enced by the soils and hydrology, as well as other con-
ditions, such as economics and traditions, conventions,
and lifestyles of the people in the area.

Median nitrate concentrations among land
resource provinces were less than 0.50 mg/L, which is
far below the USEPA's MCL of 10 mg/L (U.S. Envi-
ronmental Protection Agency, 1986). Pairwise compar-
isons of mean ranks showed that nitrate concentrations
in land resource provinces were significantly different
(at an alpha level of 0.05), indicating that land resource
provinces are a contributing factor in explaining differ-
ences in nitrate concentrations (fig. 3). The highest
median nitrate concentration occurred in the Southern
Piedmont (0.44 mg/L). The lowest median nitrate
concentration occurred in the Coastal Flatwoods
(0.09 mg/L).
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Median kjeldahl concentrations among land
resource provinceswerelow. All pairwise comparisons
of mean ranks resulted in significantly different
kjeldahl concentrations among the land resource prov-
inces indicating that land resource provinces are a
contributing factor in explaining differencesin kjeldahl
concentrations (fig. 4). The highest median kjeldahl
concentration occurred in the Central Florida Ridge
(1.15 mg/L) where the organic nitrogen component in
the kjeldahl concentration is an influencing factor. The
lowest median kjeldahl concentration occurred in the
Southern Piedmont (0.32 mg/L).

Median ammonia concentrations among land
resource provinceswerelessthan 2.1 mg/L, whichisthe
USEPA maximum concentration for chronic exposureto
aguatic organisms (U.S. Environmental Protection
Agency, 1986). Pairwise comparisons of mean ranks
showed no significant difference in ammonia concentra-
tions between the Coastal Flatwoods and the Central
Florida Ridge; however, a significant difference was
found between the Southern Piedmont, the Southern
Coadtal Plain, and a group consisting of the Coastal
Flatwoods and the Central Florida Ridge (fig. 5). This
indicates that for comparisons of ammonia concentra-
tions between sites in the Central Florida Ridge and the
Coastal Flatwoods, land resource provinces are not a
contributing factor. Land resource provincesare a
contributing factor for comparisons among sitesin the
Southern Piedmont, Southern Coastal Plain, and the
Central FloridaRidge and Coastal Flatwoodsgroup. The
highest median ammonia concentration occurred in the
Southern Coastal Plain (0.07 mg/L). Siteslocated in
Coastal Flatwoods and Central Florida Ridge showed
the lowest median ammonia concentration (0.04 mg/L).

Median concentrations of total phosphorus for the
Southern Coastal Plain (0.18 mg/L) and Central Florida
Ridge (0.13 mg/L) were greater than 0.1 mg/L, which
is the recommended upper concentration limit to con-
trol eutrophication (U.S. Environmental Protection
Agency, 1986). Pairwise comparisons of the mean
ranksresulted in all land resource provinces having sig-
nificantly different total-phosphorus concentrations
indicating that the land resource provinces are a
contributing factor in explaining differencesin total
phosphorus concentrations (fig. 6).

In general, the median nutrient concentrations are
significantly different among land resource provinces.
Thus, the land resource provinces, and environmental
factors that define them, should be considered in the
design of surface-water sampling schemes that cover

large areas. Lower nutrient concentrations were found
in the Southern Piedmont and Coastal Flatwoods than
in the Southern Coastal Plain and Central Florida
Ridge, perhaps dueto higher runoff rates. The Southern
Piedmont is characterized by steep mountain slopes
and the Coastal Flatwoods is characterized by poorly
drained soils, these factors could result in higher runoff
rates. Higher nutrient concentrations were found in the
Southern Coastal Plain and Central Florida Ridge than
the other two land resource provinces. The Southern
Coastal Plain and Central Florida Ridge tend to be
dominated by agriculture. In addition, the topography
of the Southern Coastal Plain and the high soil perme-
ability of the Central FloridaRidge may result in higher
nutrient concentrations.

Land-Use Categories

The purpose for evaluating nutrient concentrations
by land-use category was to determine whether land-
use categories should be afactor in surface-water site
selection and nutrient dataanalysis. For instance, when
comparing nutrient concentrations between two sur-
face-water sites within two different land-use catego-
ries, differences in nutrient concentrations could be
attributed to differencesin the land-use categories.

An agorithm for classifying basins to represent a
particular land use was used because within the study
unit there were only two basins with 100 percent of a
single land use (see methods section of this report).
Forested/wetland areas were considered to be the land-
use category with the lowest level of human activities
whereas the agricultural and urban categories were the
highest.

Agricultura practices, including livestock produc-
tion and fertilizer application, can cause an increase in
nutrient concentrationsin runoff. A large variability in
nutrient concentrations may be aresult of seasonal
application of fertilizersand variationsin surface-water
discharge. The water chemistry of runoff from agricul-
tural land depends on a number of factorsincluding
specific agricultural use, topography, soil type, climate,
and hydrologic conditions (Terrio, 1995). According to
several studies (Dornbush and others, 1974; Uttormark
and others, 1974; Donigian and Crawford, 1976; and
Roseboom and others, 1990), the range of total -phos-
phorus concentrations in agricultural runoff is 0.02 to
3.45 mg/L. These studies also indicated that nutrient
concentrations from feedlot runoff can be orders of
magnitude greater than concentrations from field run-
Off.
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Urban areas are a so nutrient sources, including
sewage effluent, lawn fertilizer, and storm runoff. Most
domestic and industrial wastewaters have relatively
large concentrations of ammonia, nitrate, and total phos-
phorusin comparison to concentrations found in surface
waters (Terrio, 1995). Typical nutrient concentrationsin
wastewater vary according to level of treatment.
Nutrient concentrations in runoff from urban areas are
affected by many factors, including antecedent condi-
tions, loca land use, drainage-system design, climatic
season, and street-cleaning practices. Although runoff
and natural erosion mobilizenutrients, land disturbances
such as construction may exacerbate these processes
(Tornes and Brigham, 1994). According to severa stud-
ies (Uttormark and others, 1974; Donigian and Craw-
ford, 1976; and Manning and others, 1977), the range of
total-phosphorus concentrations found in runoff from
urban areasis 0.2 to 5.0 mg/L.

Median nitrate concentrations among land-use
categoriesin the study area were less than 0.30 mg/L,
which iswell below the USEPA drinking water guide-
line of 10 mg/L for the maximum nitrate concentrations
(U.S. Environmental Protection Agency, 1986). Pair-
wise comparisons of mean ranks showed a significant
difference between forested/wetland basins and urban
basins, mean ranks among other land-use category
pairs were not significantly different (fig. 7). Thisindi-
cates that the urban and the forested/wetland land-use
categoriesare acontributing factor in explaining differ-
encesin nitrate concentrations. The lowest median
nitrate concentration of 0.04 mg/L wasfoundinthefor-
ested/wetland basins; the median nitrate concentration
in urban basins was 0.29 mg/L.

Median kjeldahl concentrations among land-use
categories were less than 1.0 mg/L . Pairwise compari-
sons of the mean ranks of kjeldahl concentrations
resulted in no significant differences among land-use
categories, indicating that these land-use categoriesare
not a contributing factor in explaining differencesin
kjeldahl concentrations (fig. 8).

M edian ammoniaconcentrationswerelessthan 0.20
mg/L, whichiswell below the recommended maximum
concentration of 2.1 mg/L for chronic exposure of agqua-
tic organisms (U.S. Environmental Protection Agency,
1986). Pairwise comparisons of mean ranks of anmmonia
concentrations resulted in no significant difference
among agricultural, forested/wetland, and mixed basins,
but there was a significant difference between the afore-
mentioned land-use categories and urban basins (fig. 9).
Thisindicates that the urban land-use category isa

contributing factor in explaining differencesin ammonia
concentrations. The highest median concentration was
found in urban basins (0.12 mg/L).

M edian total-phosphorus concentrations in urban
(0.35 mg/L) and agricultural (0.11 mg/L) land-use cat-
egorieswere above the recommended upper concentra-
tion limit of 0.1 mg/L (U.S. Environmental Protection
Agency, 1986). Pairwise comparisons of mean ranks
among land-use categories resulted in no significant
difference in total-phosphorus concentrations, indicat-
ing that the land-use categories are not a contributing
factor in explaining differences in total-phosphorus
concentrations (fig. 10).

In general, lower concentrations of nitratesin
surface water are associated with the forest/wetland
category and higher concentrations are associated with
the urban category. In addition, higher anmoniaconcen-
trations are associated with the urban category. These
results are reasonabl e based on expected high inputs
from urban areas and low inputs from forested and wet-
land areas. No other associations between nutrient
concentrations and the land-use categories were found.
However, the lack of a datigtical relation between nutri-
ent concentrations and land-use categories does not
mean that an associ ation does not exist between land use
and nutrient concentrations. The lack of association
between nutrient concentrations and the agricultural
category was not expected since theremoval of nutrients
in runoff from agricultural production has been docu-
mented (L egg and Meisinger, 1982; Taylor and Kilmer,
1980). If acorrelation exists between nutrient concentra-
tionsand agricultural land usein the study unit, then per-
haps a different algorithm for the land-use categoriesis
needed in order to be more representative of land usein
the study area. Other approachesto the lack of associa
tion include using a different statistical technique, such
as multiple regression, or eliminating large basins from
the data set that have a mosaic of land uses.

Nonpoint- and Point-Source Discharges

In any given location, both nonpoint and point-
source discharges may contribute to water-quality
characteristics. Nonpoint sources can include agricul-
tural runoff (including animal wastes), logging opera-
tions, mining, construction runoff, urban runoff,
atmospheric deposition, leachates from septic tanks or
landfills, salt water intrusion, and hydrologic modifi-
cations that ater flow patterns. Nonpoint sources
included in this report (fertilizer application, animal
wastes, atmospheric deposition, and septic-tank

16 Analysis of Nutrients in the Surface Waters of the Georgia—Florida Coastal Plain Study Unit, 1970-91
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Figure 7. Nitrate concentrations among land-use categories.
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discharges) are presented as inputs of nitrogen and
phosphorus (Berndt, 1995). Because point-source
discharges are more readily determined, they are more
easily identified as the source of changesin water qual-
ity. In this report, point-source discharges in Georgia
include only domestic (municipal) wastewater dis-
charges and in Florida include both domestic and
industrial wastewater discharges.

Within the GAFL study unit there were 201 waste-
water treatment facilities with discharges of less than
1.0 Mgal/d; 86 facilities with discharges between 1.0

and 10 Mgal/d; and 11 facilitieswith discharges greater
than 10 Mgal/d (fig. 11). The totals from domestic
wastewater discharges range from 126 Mgal/d in the
AltamahaRiver basinto 3.9 Mgal/dinthe SetillaRiver
basin. Other basins with large wastewater discharges
includethe St. Johns River basin (71.6 Mgal/d) and the
St. Marys River basin (33.7 Mgal/d). River basinswith
minimal amounts of wastewater discharge include the
AucillaRiver basin (4.0 Mgal/d), the Ogeechee River
basin (6.3 Mgal/d), and the Ochlockonee River basin
(8.8 Mgal/d).
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NUTRIENT CONCENTRATIONS WITHIN
MAJOR BASINS

The major basinsin the GAFL study unit include
the: Altamaha, Hillsborough, Withlacoochee, Ochlock-
onee, Ogeechee, St. Johns, St. Marys, Satilla, Suwan-
nee, and AucillaRivers (table 2). Data analysiswas
performed on major basins because they reflect
changes within hydrologic systems. The analysis of
river milesfrom the mouth of theriver indicates where
water quality changesin theriver system and, together
with other spatial data, gives indications as to why
those changes might have occurred. River segments
(upper, middle, and lower) were established to identify
changes locally and basin wide.

When data for each river basin were aggregated
and summarized, the highest median nutrient concen-
trations were found in the Ochlockonee and Hills-
borough River basins. Agricultural runoff, wastewater
treatment plant effluent, and strip mining each affect
the Ochlockonee River and its tributaries (Hand and
others, 1990). Development and construction have
increased nutrient loading in the Hillsborough River
basin (Hand and others, 1990). Overall, the lowest
median nutrient concentrations were found in the
AucillaRiver basin. The Ogeecheeand St. MarysRiver
basins also had low nutrient concentrations.

Median nitrate concentrations among major basins
were less than 1.0 mg/L, which is below the USEPA
MCL of 10 mg/L (U.S. Environmental Protection
Agency, 1986). Pairwise comparisons among river
basinsidentified severa basins where the mean ranks
of the nitrate concentrations were significantly differ-
ent (fig. 12). The highest median nitrate concentrations
occurred in the Ochlockonee River basin (0.46 mg/L)
and the Altamaha River basin (0.38 mg/L). Thereislit-
tle development in the flood plain of the Ochlockonee
River basin and areas near theriver arefrequently tilled
and farmedin row crops (Berndt and others, 1995). The
amount of wastewater discharge entering riverswithin
the Altamaha River basin totals 126 Mgal/d. The low-
est median nitrate concentrations occurred in the With-
lacoocheeRiver basin (0.02 mg/L), the St. MarysRiver
basin (0.04 mg/L), and the Aucilla River basin (0.07
mg/L).

Pairwise comparisons of mean ranksin kjeldahl
concentrations resulted in no significant differencein
concentrations among the Suwannee, Aucilla, Ochlo-
ckonee, St. Marys, and Satilla River basins and no
significant difference in concentrations between the
Altamaha and Ogeechee River basins (fig. 13).

The highest median kjeldahl concentration occurred in
the St. Johns River basin (1.24 mg/L), followed by the
Hillsborough River basin (1.02 mg/L) and the Withla-
coochee River basin (0.90 mg/L). The St. Johns River
and Hillsborough River basins are heavily populated.
Thelowest median kjeldahl concentrations occurred in
the Altamaha River basin (0.40 mg/L) and the
Ogeechee River basin (0.50 mg/L).

M edian ammonia concentrations among major
basinswerelessthan 0.1 mg/L, whichiswell below the
recommended upper concentration limit of 2.1 mg/L
(U.S. Environmental Protection Agency, 1986).
Pairwise comparisons of mean ranks of ammonia con-
centrations among river basinsidentified no significant
differences between the Hillsborough, St. Johns,

St. Marys, Satilla, and Ogeechee River basins(fig. 14).
The highest median concentration occurred in the
Ochlockonee River basin (0.08 mg/L), followed by the
Altamaha River basin (0.06 mg/L). The effluent from
the various wastewater treatment plantsin the Ochlo-
ckonee River basin (8.8 Mgal/d) may contribute to the
higher ammoniavalues. The 126 Mgal/d of wastewater
discharge entering the Altamaha River basin may influ-
ence the ammonia concentrations. The lowest median
ammonia concentrations occurred in the Withla-
coochee and AucillaRiver basins (0.02 mg/L for both).

The highest median total-phosphorus concentra-
tion occurred in the Hillsborough River basin (0.42
mg/L ), followed by the Ochlockonee River basin (0.26
mg/L) and the Suwannee River basin (0.21 mg/L)

(fig. 15). Median total-phosphorus concentrations for
these three basins were greater than the recommended
upper concentration limit of 0.1 mg/L (U.S. Environ-
mental Protection Agency, 1986). Phosphate mining
occurs in both the Hillsborough and Suwannee River
basins, perhaps explaining the high median total-phos-
phorus concentrations (Florida Department of Natural
Resources, 1989). Thelowest median total-phosphorus
concentrations occurred in the Withlacoochee (0.04
mg/L), Aucilla (0.06 mg/L), St. Marys (0.05 mg/L),
and the Ogeechee (0.07 mg/L) River basins.

The remainder of this section isadescription of the
individual major river basins. Reference to land usein
this section appliesto USGS digital land-use data
(Anderson and others, 1976), not the land-use catego-
ries previously described in this report. Because of the
guantity of the information contained on the figures,
thetext includes abrief description of the basin hydrol-
ogy, historical water-quality characteristics, and
general patternsin nutrient concentrations, including
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Table 2. Environmental characteristics of major basins

[SP, Southern Piedmont; SCP, Southern Coastal Plain; CFR, Central Florida Ridge; SH, Sand Hills; CFW, Coastal Flatwoods; NPDES, National Pollutant Discharge
Elimination System; Mgal/d, million gallons per day; mi?, square miles]

QUADRANGLES REPRESENT
CONSTITUENTS INDICATED

LOWEST

Striping indicates that the mean ranks of that
constituents concentration in that basin were not

EEEC -

HIGHEST

Ammonia Nitrogen

Total Phosphorus

HC

Nitrate Nitrogen

Kjeldahl Nitrogen

significantly different from two other mean ranks.

Land resource provinces (in percent) Land use (in percent) Drain-
Median NPDES River age
concen- Basin Agricul Wet 2 volume type area
i SP SCP | CFR CFW | SH - Forest | Urban - .2
trations ture lands Other | (Mgal/d) mi’)
EEI Hillsborough 0.0 0.0 715 28.5 0.0 24.83 3.53 24.53 29.38 17.73 18.1 blackwater 690
BE' Withlacoochee | 0.0 | 00 | 59.1 | 409 | 00 | 3862 | 1917 | 839 | 2481 9.01 114 gﬁicnkggée” 2,059
BE' St. Johns 0.0 0.0 | 434 56.6 0.0 20.51 3590 | 11.26 18.34 13.99 104.4 blackwater 9,168
v
Suwannee 00 | 309 | 262 | 429 | 00 3090 50.03 1.87 16.45 0.75 221 | Dlackwater | g og,
springfed
H} Aucilla 00 | 788 0.0 21.2 0.0 25.13 54.87 2.72 16.56 0.72 4.0 springfed 952
Hﬂ Ochlockonee 00 | 779 0.0 221 | 0.0 30.04 57.64 2.63 8.11 1.58 8.8 alluvial 2,250
1/
EE' St. Marys 0.0 0.0 0.0 | 100.0 0.0 2.98 67.56 2.24 26.35 0.87 337 blackwater 1,480
HEI Satilla 00 | 124 0.0 87.6 0.0 26.12 55.92 1.28 16.32 0.36 3.9 blackwater 3,400
HEI Altamaha 406 | 468 0.0 6.3 6.3 26.04 62.87 5.17 5.17 0.75 126.1 alluvial 14,200
H} Ogeechee 6.4 | 623 0.0 24.9 6.4 35.83 47.54 1.72 13.92 0.99 5.6 blackwater 4,410

V' Includes part of the watershed in Okeefenokee Swamp, which is indeterminate.

2 Includes barren, rangeland, and water.
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Figure 12. Nitrate concentrations among major river basins.
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Figure 13. Kjeldahl concentrations among major river basins.
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extremes and changes in concentrations. Included on concentrations on Blackwater Creek could be wastewa-
the first figure for each major basin are—surface-wateter discharges of 10.9 Mgal/d upstream. Some of the
site locations, color-coded multiple-comparison grouphighest median kjeldahl (1.4 mg/L) and ammonia
medians, wastewater treatment sites, nitrogen and (0.12 mg/L) concentrations were found at site 13, an
phosphorus inputs (Berndt, 1995), and population  area that has a very high population density. Various
density (U.S. Bureau of Census, 1991a,b). The secorsltes in the western part of the basin (sites 7, 8, 12 and
figure for each major basin contains the nutrient con- 13) are ranked higher in ammonia and/or kjeldahl con-
centrations (shown as color-coded boxplots) and theicentrations than nitrate and total phosphorus, indicat-
approximate location, expressed in river miles, from ing that point-source discharges could be influencing
the mouth of the river. The color-coding for both the the water quality rather than nonpoint-source dis-
group medians and the boxplots is the result of the staharges. Higher total-phosphorus concentrations were
tistical tests performed to determine differences in theound on tributaries—Blackwater Creek (site 2), Pem-
median concentration of a nutrient among sites. berton Creek (site 4), and Flint Creek (site 5)—than
anywhere else in the basin.

The river segment from site 3 to the confluence
with Flint Creek has been considered to have generally

The Hillsborough River, with a drainage area of the best water quality within the Hillsborough River
690 m?, is a blackwater river with springfed influences Pasin (Hand and others, 1990). The median concentra-
that originates in the Green Swamp and flows south- tion of nitrate and total phosphorus decreases between

ward for about 55 mi to Hillsborough Bay in the centerSIt€s 3 and 7 on the main stem, a distance of 13 river
of Tampa, Fla. The river basin includes the land miles. The lowest median nitrate concentrations
resource provinces of the Central Florida Ridge and th@¢curred at Flint Creek (sites 5) and Cypress Creek
Coastal Flatwoods (fig. 2). Predominant land use in théSite 8), which enters the middle Hillsborough River.
basin is agriculture, urban, and wetland (table 2). Thel here was no significant difference in mean ranks for

Hillsborough River basin is characterized by very low Kiéldahl and ammonia concentrations for sites on the
stream gradient and poorly defined basin divides main stem of the Hillsborough River (sites 1, 3, 7, and 11).

(Berndt and other, 1995). Nitrate, kjeldahl, and ammonia concentrations
evaluated in this report in the Hillsborough River basin

quality in the Hillsborough River basin is generally fair Wee 10w, whereas total-phosphorus concentrations
with generally poor quality in several tributaries. WaterXceeded USEPA guidelines. In general, the spatial dis-
quality is affected by discharges from wastewater treaffiPution of the higher nutrient concentrations was in
ment plants, phosphate and citrus processing plants,the rjortheast part qf the river basin. Specifically, higher
and runoff from urban, agricultural, rangeland, and nutrient c;oncentratlons_wer_e found on Black_vvater
phosphate- mining areas (Hand and others, 1990). Creek (site 2) where, historically, water quality has
Development and construction have increased sedi- P€€n generally poor.

mentation and nutrient loading in the system (Hand and

others, 1990). Median nitrate and ammonia concentra—‘with|aCoochee River Basin

tions did not exceed USEPA standards and guidelines;

however, median total-phosphorus concentrations were - The Withlacoochee River (the southern stream of
above the USEPA recommended upper concentratioithe two Withlacoochee Rivers included in the study
||m|t (01 mg/L) at all sites in the Hi”SborOUgh River unit) drains 2,059 mi It begins in the Green Swamp
basin. and flows northward approximately 157 mi to the Gulf
In general, higher nutrient concentrations were  of Mexico. The Withlacoochee River basin is in the
found in the northeastern part of the river basin (figs. 16and resource provinces of the Coastal Flatwoods and
and 17). Higher nutrient concentrations were found orCentral Florida Ridge (fig. 2). Land use in the basin is
Blackwater Creek (site 2), located in the upper part oforimarily forest, agriculture, and wetland (table 2).
the basin, than elsewhere in the basin. Water quality idlthough no major cities are located directly on the
Blackwater Creek has been generally poor, historicallyriver, several suburban housing developments are
due to mining and rangeland runoff (Hand and otherslocated within the basin. Many alterations have been
1990). Another potential source of increased nutrient made in the mainstem and tributaries, including a

Hillsborough River Basin

According to Hand and others (1990), water
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complete diversion of theriver near themouthintothe ~ are common and flow is from slightly higher coastal
Cross-FloridaBarge Canal in 1969. Theriver istidally areas to lower marshes and swamps. During the last 50

influenced (Berndt and others, 1995). Streamsin the years, more than 60 percent of the flood plain in the
basin have amix of blackwater characteristics and upper river has been ditched, diked, and drained for
springfed influences. rangeland and agriculture (Fernald and Patton, 1984).
M edian concentrations of nitrate, ammonia, and The St. Johns River basin is heavily populated (fig. 20).
total phosphorus were generally low and were below The land resource provinces included in the St. Johns

the USEPASs upper concentration limit in the Withla- River basin are the Central Florida Ridge and the
coochee River basin (figs. 18 and 19). All median ~ Coastal Flatwoods (fig. 2). Land use within the river
kjeldahl concentrations are less than 2.0 mg/L in the basin includes forest, agriculture, and urban areas
basin. The water quality in the Withlacoochee River (table 2).
basin is generally very good; however, the water qual- The St. Johns River basin is an important resource
ity in the basin is affected by discharges from wastewan Florida and is the subject of numerous environmen-
ter-treatment plants, phosphate and citrus processingtal studies by state and local agencies. However, within
plants, septic tank leachate, and runoff from urban, this section of this report the river is represented by
agricultural, and phosphate-mining areas (Hand and only three sites and will, therefore, have limited inter-
others, 1990). pretation.Of these three sites, one is located on a canal
Nutrient concentrations were low throughout the (site 33), one on a tributary (site 34), and one on the
basin, with median ammonia and total-phosphorus main stem of the St. Johns River (site 35).
concentrations showing little variability. The consis- Water quality has been impacted by development
tently low median total-phosphorus concentrations  and industrial contamination. In the Jacksonville area,
throughout the basin are reflective of the low levels ofthe most industrialized region in Florida, the river
phosphorus input. Median nitrate concentrations wergeceives discharges from: paper mills; wire, chemical,
lower in the upper Withlacoochee River basin, perhapand paper industries; packaging plants; wastewater
due to ground water inputs, and higher in the lower parreatment plants; urban and stormwater runoff; and
of the river basin. runoff from shipyards (Hand and others, 1990). The
Increased nitrate and ammonia concentrations at sitéiree sites in the St. Johns River basin are upstream
19, located in the middle Withlacoochee River basin, from Jacksonville. The median concentrations of
may have been caused by the elevated nutrient concenitrate, ammonia, and total phosphorus for the three
trations from the Little Withlacoochee River (site 18) sites in the St. Johns River basin did not exceed USEPA
and the 10.2 Mgal/d of wastewater discharge. The Littleguidelines, except for the median total-phosphorus
Withlacoochee River is influenced by agriculture, forestconcentration at site 33 (0.27 mg/L) (figs. 20 and 21).
and runoff from residential areas and septic tanks (Hand@he highest median kjeldahl concentration was found
and others, 1990). Increased total-phosphorus concenat site 33 on the Apopka-Beauclair Canal (4.0 mg/L),
trations at site 19 may have been caused by the high leviellowed by the concentration at site 35 on the St. Johns
of phosphorus inputs entering the Withlacoochee RiveRiver (1.03 mg/L).
upstream. High median kjeldahl concentrations found in
the upper part of the Withlacoochee River may be attrib- . .
uted to the Green Swamp. The highest median nitrate SUWannee River Basin
concentrations were found in the lower Withlacoochee

X X ) . . The main stem of the Suwannee River has its head-
Z'i\{srzg?sm at Rainbow Springs (site 25) and Blue RunWaters in the Okefenokee Swamp in Georgia, flows

southward for approximately 245 mi to the Gulf of

Mexico, and has a drainage area of approximately

St. Johns River Basin 9,950 mt (Florida Board of Conservation, 1966). The
waters of the Suwannee River are usually acidic,

The St. Johns River is the longest river within Flor-reflecting the contribution of the Okefenokee and other
ida, draining approximately 9,168 it flows north- ~ swamp drainages, and high in organic content (Whar-
ward for 273 mi, through a number of natural lakes andon and others, 1977). During low-flow periods much
is joined by many creeks and streams before emptyingf the river’s flow is from tributary springs and during
into the Atlantic Ocean east of Jacksonville. Springs high-flow periods some river water discharges into
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Figure 17. Nutrient concentrations along river miles in the Hillsborough River basin.
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Figure 21. Nutrient concentrations along river miles in the St. Johns River basin.

springs. However, the Suwannee River is generally
considered a blackwater river. Within the Suwannee
River basin there is karst topography and naturally
occurring phosphate deposits resulting in relatively
high background phosphorus concentrations. Pre-
dominant land usesin the basin are forest, agriculture,
and wetland (table 2). The land resource provinces
represented in the Suwannee River basin are the South-
ern Coastal Plain, Coastal Flatwoods, and Central Flor-
idaRidge (fig. 2). Magjor tributaries to the Suwannee
River include the Alapaha, Withlacoochee (the north-
ern stream of the two in the study unit), and Santa Fe
Rivers.

Most sections of the Suwannee River have gener-
aly very good water quality, although theriver and its
tributaries receive discharges from wastewater-treat-
ment plants, livestock feedlots, paper mills, and phos-
phate mines (Hand and others, 1990). Discharges from
mining areas are sometimes high in phosphates,

sulfates, organic nitrogen, and fluorides. Water quality
below the confluence with the Withlacoochee River is
generally good and water quality in the upper Suwan-

nee (above the confluence with the Withlacoochee

River) isgenerdly fair to good (Hand and others,

1990). Most sources of contamination arelocated in the
three major tributaries—the Alapaha, Withlacoochee,
and Santa Fe Rivers (Hand and others, 1990). One
source of concern for water quality is increasing devel-
opment along the Suwannee River corridor and the
increase in septic tank fields in the basin. Median
concentrations of nitrate and ammonia for sites in the
Suwannee River basin were below USEPA standards
and guidelines (10 and 2.1 mg/L; respectively), except
for the median ammonia concentration at site 41 on
Swift Creek (figs. 22 and 23). Only 4 of the 15 sites
(sites 36, 37, 43, and 48) did not exceed the USEPA
guideline for total-phosphorus concentrations

(0.1 mg/L).
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Figure 23. Nutrient concentrations along river miles in the Suwannee River basin.
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Swift Creek (site41), inthe middle Suwannee River
basin, has the highest median values for nitrate of 1.8
mg/L (not statistically different from the median concen-
tration of 2.8 mg/L at site 52), for kjeldahl of 4.6 mg/L,
for ammoniaof 3.4 mg/L, and for total phosphorus of
14.5 mg/L among the sitesin the Suwannee River basin.
According to Hand and others (1990), the areaiin the
basin with generally the worst water quality is Swift
Creek. Within the Withlacoochee River subbasin, which
enters the middle Suwannee River, elevated nutrient
concentrations in the New River (site 52) may be attrib-
utable to the wastewater discharges totaling 4.3 Mgal/d
(Marellaand Fanning, 1995). Another site with consis-
tently high nutrient concentrations is site 38 on Hunter
Creek, which islocated in the upper basin. Both Hunter
and Swift Creeks (sites 38 and 41, respectively) are
located in phosphate-mining and phosphate-processing
areas. The higher kjeldahl, ammonia, and total-phospho-
rus concentrations found in the New River (west; site
52), Withlacoochee River (site 54), and Okapilco Creek
(dte 59) may be attributed to wastewater discharges
(figs. 22 and 23).

Pairwise comparisons of the mean ranks of nitrate,
kjeldahl, and ammonia concentrations from sites 36
and 40 in the upper Suwannee River, a distance of 42
river miles, produced no significant differences even
though higher concentrations were seen at Hunter
Creek (site 38). Apparently, flows from the Withla-
coochee and Alapaha Rivers and several springsdilute
nutrient concentrations between sites 40 and 47 on the
Suwannee River.

In summary, nutrient concentrations are low in the
Suwannee River basin; however, total-phosphorus
concentrations at most of the sites within the basin
exceeded USEPA guidelines. Swift Creek (site41) had
the highest nutrient concentrations among all of the
sites.

Aucilla River Basin

The AucillaRiver, about 69 mi long with 2952 mi?
drainage area, originatesin Georgiaand isjoined by a
springfed stream, the Wacissa River, about 4 mi from
the outlet in the Gulf of Mexico (Florida Board of
Conservation, 1966). The AucillaRiver isablackwater
river and is characterized by karst topography. The
AucillaRiver isin the Southern Coastal Plain and
Coastal Flatwoods land resource provinces (fig. 2).
Predominant land useswithin theriver basin are forest,
agriculture, and wetland. Population density isvery
low in theriver basin (table 2).

Water quality inthe AucillaRiver systemis gener-
aly very good (Hand and Paulic, 1992). Silviculture
and cattle access to the Wacissa River are sources of
contamination in the basin (Hand and others, 1990).
For the three sitesin the Aucilla River basin, the
median concentrations of nitrate, ammonia, and total
phosphoruswere below the USEPA guidelines(figs. 24
and 25). Site 62 had the highest median concentrations
for al four nutrients.

Nutrient concentrations vary little in the Aucilla
River basin. Anincreasein the median nitrate and total -
phosphorus concentration occurred on the Aucilla
River between site 61 and site 62, adistance of 15river
miles, perhapsdueto agricultural practices. Thereisno
significant difference between the mean ranks for con-
centrations of nitrate, ammonia, and total phosphorus
on the Wacissa River (site 63) and site 62 in the lower
AucillaRiver.

Ochlockonee River Basin

The Ochlockonee River originates in clay hills of
southwestern Georgia, flows 162 mi to its mouth in
Ochlockonee Bay on the Gulf of Mexico, and drainsan
area approximately 2,250 mi? (Florida Board of Con-
servation, 1966). The Ochlockonee River is classified
as an alluvial river athough some of the color typical
of blackwater riversispresent (Hand and Paulic, 1992).
The land resource provinces represented in the basin
are the Southern Coastal Plain and the Coastal Flat-
woods (fig. 2). Primary land usesin the basin areforest
and agriculture (table 2). The Sopchoppy Riverisa
major tributary of the Ochlockonee River. Thereislit-
tle development in the flood plain, but areas near the
river are frequently tilled and farmed in row crops
(Berndt and others, 1995). No magjor cities are located
directly on the Ochlockonee, but theriver passeswithin
10 mi of Thomasville, Ga., and Tallahassee, Fla. Ero-
sion and sedimentation problems in the basin are prob-
ably aresult of the conversion of foreststo croplandin
southwest Georgia that has been occurring since the
1940's. The rate of conversion accelerated in the mid-
1970's and is expected to continue at accelerated rates.

The lower Ochlockonee River is considered to
have generally good water quality (Hand and others,
1990); inputs of nitrogen and phosphorus are low in
this part of the basin (figs. 26 and 27). A study by Flor-
ida Department of Environmental Regulation (1987)
identified several domestic and industrial discharges in
Georgia that caused nutrient enrichment of the river in
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Florida. The major sources of nutrientsin the Ochlock-
onee River basin are from agricultural runoff, waste-
water discharges, and strip mining (Hand and others,
1990). The median concentrations for the four sitesin
theriver basin werelessthan 1.0 mg/L for all nutrients,
but median total-phosphorus concentrations were
above the USEPA recommended upper concentration
limit (0.1 mg/L) for all sites on the Ochlockonee River
(sites 66, 67, and 68).

Site 66, located in an area of high nitrogen and
phosphorusinput (fig. 26), had the highest median con-
centrations of nitrate, ammonia, and total phosphorus.
This may be related to the 3.7 Mgal/d of wastewater
discharged to the river upstream from site 66 (Marella
and Fanning, 1995). Due to dilution, median nutrient
concentrations gradually decrease downstream.
Median concentrations of nitrate, ammonia, and total
phosphorus were higher on the Ochlockonee River
(sites67 and 68) than on the Sopchoppy River (site 64).
Most of the Sopchoppy River runs through the
Apalachicola National Forest and is undeveloped
forest, resulting in excellent water-quality conditions
(Hand and Paulic, 1992).

St. Marys River Basin

The St. Marys River forms part of the Florida-
Georgia border, has headwaters in the Okefenokee
Swamp, and drains approximately 1,480 mi2. The St.
MarysRiver isablackwater river that is approximately
175 mi in length with atidal influence of approxi-
mately 60 mi upstream from the mouth (Bridges and
Foose, 1986). It flows through no large cities and has
not been dammed or significantly altered. The popula-
tiondensity inthisbasinislow (fig. 28). Theriver basin
isencompassed in the Coastal Flatwoods land resource
province (fig. 2). Agriculture, forest, and wetland are
the primary land usesin the St. Marys River basin
(table 2).

Water quality in the main stem of the St. Marys
River is generally good throughout its course until it
reaches the estuarine part of theriver near the Atlantic
Ocean where contamination from industrial discharges
and urban development result in water-quality prob-
lems (Hand and others, 1990). Water in the upper part
of the river flows from headwater swamps and is
unsuitable for some uses due to its acidity and dark
color. The waters of the St. Marys River further down-
stream are used for agricultural irrigation, industrial
supply, and public-water supply. Some contamination

from wastewater treatment plants in the South Prong
subbasin has been reported (Hand and Paulic, 1992).
Levels of nitrogen and phosphorusinput are higher on
the south side of the river than the north.

For thethree sitesin the St. Marys River basin, the
median concentrations for nitrate, ammonium, and
total phosphorus were low, fairly uniform, and below
USEPA guidelines (figs. 28 and 29). The median
kjeldahl concentrations for the Middle Prong (site 70)
and the St. Marys River (site 71) were lessthan 1.0
mg/L. Anincrease in the median nitrate concentration
occurred betweenthe Middle Prong (site 70) and the St.
MarysRiver (site 71), adistance of 16 river miles. The
median ammonia concentration increased slightly on
the main stem between sites 71 and 72.

There was no significant difference in the mean
ranks for ammonia and total-phosphorus concentra-
tionsin the mid-regions of the basin between site 70
and site 71. The mean ranks for concentrations of
nitrate and total phosphorus were not significantly
different between sites 71 and 72, adistance of 37 river
miles along the St. Marys River. According to Hand
and others (1990), generally the best water quality area
inthe St. MarysRiver basinisinthe middle parts of the
St. Marys River.

Satilla River Basin

The Satilla River is ablackwater river, approxi-
mately 225 mi long, originating in coastal wetlandsand
draining approximately 3,400 mi2 (Benke and others,
1984). Theriver hasatidal influence of approximately
67 mi. No dams or other significant alterations have
been made in the river’s course. The Coastal Flatwoods
land resource province encompasses the Satilla River
basin (fig. 2). Primary land use in the basin includes
forest, agriculture, and wetland (table 2).

For the five sites in the Satilla River basin (figs. 30
and 31), the median concentrations for nitrate and
ammonia were below USEPA guidelines, but the
median total-phosphorus concentration exceeded the
upper concentration limit at site 75 (0.17 mg/L). The
highest median concentrations of nitrate, ammonia, and
total phosphorus are found at site 75. A source for these
nutrients could be the City of Waycross, located
between sites 74 and 75, with a discharge of 2.8 Mgal/d
into the Satilla River (Marella and Fanning, 1995).
Since site 75 has higher nutrient concentrations than
sites 73, 74, and 76, nitrogen and phosphorus inputs
from nonpoint sources do not appear to be the major
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Figure 25. Nutrient concentrations along river miles in the Aucilla River basin.

influence on nutrient concentrations at these locations
in the SatillaRiver basin. For the two sites (75 and 78)
for which kjeldahl concentrations were analyzed

there were no significant differences in mean ranks.
Decreases in median concentrations for nitrate, ammo-
nia, and total phosphorus between sites 75 and 78, a
distance of 32 river miles, on the main stem may be a
result of dilution.

Altamaha River Basin

The Altamaha River along with its primary
tributaries, the Ocmulgee and Oconee Rivers, is con-
sidered aluvial and drains 14,200 mi2. The main stem
of the AltamahaRiver, which is approximately 119 mi
inlength, isformed by the confluence of the Ocmulgee
and Oconee Rivers (196 and 204 mi in length, respec-
tively). The AltamahaRiver istidally influenced for
24 mi and receives large contributions of water from
underlying aquifersin the coastal plain during periods
of low flow (Carter and Hopkins, 1986). The land
resource provinces represented in the river basin
include the Southern Piedmont, the Sand Hills, the
Southern Coastal Plain, and the Coastal Flatwoods
(fig. 2). Primary land use in the Altamaha River basin
includes forest, agriculture, and urban areas whereas
wetlands line the banks of theriver (table 2).

Water quality in the Altamaha River basin is con-
sidered adequate for agricultural irrigation, industrial
supply, and public-water supply (Carter and Hopkins,
1986). Water quality in the Oconee River, the northern
arm of the Altamaha River, is suitable for most uses
(GeorgiaDepartment of Natural Resources, 1989). The
headwaters of the Ocmulgee River are within the city
limits of Atlanta, Ga. An upward trend in total-phos-
phorus concentration was noted from 1980-89 on the
Altamaha, Ocmulgee, and Oconee Rivers (McConnell
and Buell, 1993). The median concentrationsfor nitrate
and ammoniain the Altamaha River basin were below
USEPA guidelines; however, the USEPA guidelinefor
total-phosphorus concentrations (0.1 mg/L) was
exceeded at 6 of the 24 sites (figs. 32 and 33).

Overall, the nitrate and ammoniaconcentrationsin
the Ocmulgee River were higher than in the Oconee
River. The wastewater dischargesin the Ocmulgee
River subbasin totaled 95.8 Mgal/d, 4 times the 24.0
Mgal/d in the Oconee River subbasin, and 20 timesthe
4.7 Mgal/d in the Ohoopee River subbasin (Marella
and Fanning, 1995). The highest nutrient concentra-
tionswere found on the South River (sites 97 and 101),
which receives 33.5 Mgal/d of wastewater discharge
from an area with a high population density (fig. 32).
Relatively high total-phosphorus concentrations were
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Figure 27. Nutrient concentrations along river miles in the Ochlockonee River basin.

also found at sites 91, 109, and 110, which are al'so
areas receiving higher levels of phosphorus input.
Within the Ocmulgee River subbasin, the second
largest amount of wastewater discharge (27.6 Mgal/d)
occurred in the 21 river miles between sites 108 and
109 causing nutrient concentrations to increase
(Marellaand Fanning, 1995). Between these two sites
isthe only area where ammonia concentrations
increased in the subbasin. Within the Oconee River
subbasin, when comparing wastewater discharges
upstream from sites 91, 94, and 80, an increasein
ammonia concentrations was found.

Thelowest nutrient concentrations occurred onthe
Ohoopee River (site 84), which enters the Altamaha
River below the Ocmulgee and Oconee Rivers. The
wastewater discharges in the Ohoopee River subbasin
were relatively small and nonpoint source inputs were
low. There was no significant difference in mean ranks
for nitrate concentrations on the Ocmulgee River
below Jackson L ake to its confluence with the Oconee

River (sites 106, 108, 109, 110, 111, and 79), adistance
of approximately 182 river miles. There was no sig-
nificant difference in mean ranks for nitrate and total -
phosphorus concentrations among the sites on the
Altamaha River, downstream from the confluence of
the Ocmulgee and Oconee Rivers. Within the entire
Altamaha River basin, sediment uptake of total phos-
phorus appearsto be a factor resulting in decreasesin
total-phosphorus concentrations.

In summary, nutrient concentrations were highest
in the Ocmulgee River subbasin and lowest in the
Ohoopee River subbasin, which correspondsto the vol-
ume of wastewater discharge within these tributaries.
The highest nutrient concentrations were found on the
South River (sites 97 and 101), an areawith 33.5
Magal/d of wastewater discharge and a high population
density. Sediment uptake of total phosphorus appears
to be afactor resulting in decreasesin total-phosphorus
concentrations within the Altamaha River basin.
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Figure 29. Nutrient concentrations along river miles in the St. Marys River basin.

Ogeechee River Basin

The Ogeechee River, which drains 4,410 mi?, is
affected by tidesfor approximately 44 mi of its 245 mi
length (McConnell and Buell, 1993). The Ogeechee
River isusually considered ablackwater river. Theland
resource provinces included in theriver basin are the
Southern Coastal Plain and the Coastal Flatwoods
(fig. 2). Surface water in the Ogeechee River basinis
used primarily for agricultural irrigation. Primary land
use within the Ogeechee River basin includes forest,
agriculture, and wetland (table 2). Water quality is
deemed adequate for most uses (Carter and Hopkins,
1986). No large cities are located directly on theriver;
however, the Fort Stewart Military Reservation makes
up alarge part of the lower Canoochee River subbasin.
The Canoochee River, also ablackwater river, isthe
largest tributary of the Ogeechee River.

For the five sites in the Ogeechee River basin, the
median concentrations for nitrate and ammonia were
below the USEPA standards and guidelines. The
median total-phosphorus concentration at site 117
(0.15 mg/L) exceeded the USEPA's recommended
upper concentration limit (0.1 mg/L).

Overall, nutrient concentrations are higher in the
lower Canoochee River subbasin than in the remainder
of the Ogeechee River basin (fig. 34 and 35). Along the
Ogeechee River, the median total-phosphorus concen-
trations increased between sites 113 and 114. Within
these 28 river miles there were no reported wastewater
discharges, but as indicated by the higher levels of
phosphorus input, agricultural practices are common.
An increase in nitrate concentrations observed on the
Ogeechee River between sites 114 and 115 is probably
due to agricultural land use, as indicated by the high
levels of nitrogen input. The highest ammonia concen-
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Figure 31. Nutrient concentrations along river miles in the Satilla River basin.

trationsin the Ogeechee River basin were found on the
Canoochee River at sites 116 and 117 and nitrate and
total-phosphorus concentrations increased between
these two sites. The amount of wastewater discharge
between sites 116 and 117 totals 4.0 Mgal/d, as
opposed to the rest of the Ogeechee River basin where
dischargestotal 2.2 Mgal/d (Marellaand Fanning,
1995). In addition, high levels of nitrogen and phos-
phorus input occurs within the Canoochee River sub-
basin. The Canoochee River entersthe Ogeechee River
downstream from any main stem sites; therefore, the
influence of thistributary on the main stem cannot be
determined.

Low nutrient concentrations, less than 1.0 mg/L,
were found along the Ogeechee River. Only two sites
in the basin, sites 114 and 115 on the lower Ogeechee

River, had sufficient data for analysis of kjeldahl con-
centrations. The mean ranks of kjeldahl concentrations
at these sites were not significantly different. Analysis
of ammoniaconcentrationsat sites along the Ogeechee
River (113, 114, and 115), spanning 56 river miles,
resulted in no significant difference in the mean ranks.
Possibly due to sediment uptake, total-phosphorus
concentrations between sites 114 and 115 decreased to
levels seen upstream at site 113.

In summary, nutrient concentrations are low in the
Ogeechee River basin. Nonpoint sources of discharge
seem to be the influencing factor in nutrient concentra-
tionsin along the Ogeechee River and nonpoint and
point-source discharges seem to be influencing factors
along the Canoochee River.
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Figure 33. Nutrient concentrations along river miles in the Altamaha River basin.
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Figure 35. Nutrient concentrations along river miles in the Ogeechee River basin.

LONG-TERM TRENDS

Long-term trends were determined for sitesto
establish the temporal distribution of nutrients within
the study unit. These trends are: (1) seasona flow-
adjusted concentration, (2) seasonal concentration,

(3) flow-adjusted concentration, and (4) concentration.
A seasonal flow-adjusted concentration trend is one
in which the effects of seasonality and changing
discharge have been removed from the time series of
concentrations. A seasonal concentration trend is one
in which only the effects of seasonality have been
removed from the time series. A flow-adjusted concen-
tration trend is one in which only the effects of chang-
ing discharge have been removed from the time series.
A concentration trend is one in which no adjustment is
made to the time series of concentrations. A trend was
considered to be significant at an alphalevel of 0.05.

Decreasing trends may be attributed to upgrades by
wastewater treatment plants, use of best management
practicesin agriculture, changesto alessintensiveland
use, and lower laboratory reporting limits (which isan

artifact of the analysis and not atrue trend). Increasing
trends may be attributed to increases in genera land-
use practices, increasing concentrations, or aging
wastewater treatment plants. A seasonal trend might
exist, for example, as aresult of fertilizer application.
If no trend exists, it could indicate stable conditionsin
the basin or it could indicate that several short-term
trends exist but the increasing conditions cancel the
decreasing conditions over the entire period of record.

Twenty-eight sites within the study unit met the
criteriafor long-term trend analysis and resulted in 52
nutrient trends. Unfortunately, these sites are not
evenly distributed throughout the study unit. From the
28 sites, 19 nitrate trends, 1 kjeldahl trend, 14 ammonia
trends, and 18 total-phosphorus trends were deter-
mined (fig. 36). Types of trends occurring within the
study unit included 2 seasonal flow-adjusted concen-
tration trends, 1 seasonal concentration trend, 28 flow-
adjusted trends, and 21 concentration trends. Table 3
summarizes the 28 flow-adjusted concentration and 21
concentration trends.
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Table 3. Summary of nutrient flow-adjusted and concentration trends

[mg/L, milligrams per liter; ft¥s, cubic feet per second; FA, flow-adjusted concentration; C, concentration; --, not calculated;
shading indicates sites where median concentration exceeds USEPA guideline]

Period of Slope of trend Median values
Map . Type of

no. Stream name Nutrient trend record Concentration Discharge

(water years) (mg/L)lyr percentlyr (mg/L) (ft3/s)

3 Hillsborough River nitrate C 1972-91 +0.03 +2.32 11 95

ammonia FA 1972-91 -0.03 -7.07 0.0 95

total phosphorus FA 1971-91 -0.03 -5.20 0.5 95

4 Pemberton Creek total phosphorus C 1972-91 +0.06 +7.05 0.7 10

5 Flint Creek nitrate 1972-91 <0.01 <0.01 0.0 14

| total phosphorus FA 1972-91 +0.01 +153 | | 07 14

8 Cypress Creek nitrate FA 1974-91 +0.01 -- 0.0 7

ammonia C 1973-91 <0.01 -3.35 0.0 7

total phosphorus FA 1973-91 +0.02 +8.66 0.2 7

11 Hillsborough River total phosphorus C 1972-91 -0.01 -321 04 340

14 Withlacoochee River ammonia FA 1973-91 -0.01 -10.04 0.0 7

16 Withlacoochee River total phosphorus C 1972-91 <0.01 +3.18 0.0 44

24 Withlacoochee River nitrate FA 1971-90 +0.01 +6.20 0.1 609

total phosphorus C 1971-91 <0.01 +2.13 0.0 609

32 St. Johns River total phosphorus C 1971-91 -0.01 -4.10 0.1 2,365

34 Oklawaha River nitrate C 1971-91 +0.02 +3.32 0.5 850

36 Suwannee River nitrate C 1971-91 <0.01 <0.01 0.0 326

ammonia C 1971-91 <0.01 +3.44 0.0 326

47 Suwannee River nitrate FA 1971-91 +0.02 +4.61 0.5 5,125

50 I Santa Fe River total phosphorus FA S1973-91 <0.01 +1.46 | | 0.3 167

64 Sopchoppy River nitrate c 1972-91 <0.01 +9.93 0.0 82

66 Ochlockonee River nitrate FA 1971-91 +0.03 +2.68 0.7 190

ammonia FA 1971-91 -0.03 -7.05 0.2 190

68 Ochlockonee River kjeldahl FA 1973-91 <0.01 +2.00 0.6 485

ammonia FA 1971-91 <0.01 -2.73 0.1 485

78 Satilla River nitrate C 1971-91 +0.01 +9.35 0.1 1,000

ammonia C 1971-91 <0.01 +6.50 0.0 1,000

79 Ocmulgee River nitrate FA 1974-91 +0.01 +2.11 04 3,359

ammonia C 1971-91 <0.01 +5.96 0.0 3,359

total phosphorus FA 1974-91 <0.01 +2.04 0.1 3,359

81 Altamaha River nitrate FA 1971-91 +0.01 +1.97 0.3 6,710

ammonia Cc 1971-91 <0.01 +4.61 0.0 6,710

total phosphorus FA 1971-91 <0.01 +2.13 0.1 6,710

115 Ogeechee River nitrate C 1971-91 +0.01 +7.48 0.1 1,130

ammonia C 1971-91 <0.01 +8.01 0.0 1,130

total phosphorus FA 1971-91 <0.01 +4.12 0.0 1,130

116 Canoochee River nitrate C 1971-91 <0.01 +4.75 0.0 186

118 N. Newport River nitrate C 1971-91 <0.01 <0.01 0.0 --

ammonia C 1971-91 +0.01 +6.96 0.1 -

124 | N.Prong AlafiaRiver | total phosphorus FA 197291 021 | 246 || 6.0 66

125 S. Prong Alafia River nitrate FA 1972-91 +0.06 +16.28 0.2 48

| total phosphorus FA 197291 02 | 870 [ ] 19 48

126 AlafiaRiver ammonia FA 1972-91 -0.02 -6.64 0.0 161

| total phosphorus FA 1972-91 024 | 482 || 39 161

130 Rocky Creek nitrate FA 1973-91 +0.07 +16.41 0.3 21

ammonia FA 1973-91 +0.01 +6.72 0.1 21

| total phosphorus FA 1973-91 +007 | +1767 | | 02 21

136 Anclote River nitrate FA 1973-91 +0.01 +8.91 0.0 10

total phosphorus FA 1972-91 <0.01 +3.09 0.1 10
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All trends in nitrate were increasing—nine flow- five sites showed decreasing trends (sites 3, 11, 124,
adjusted concentration trends and nine concentration125, and 126) and five sites indicated increasing trends
trends (table 3). For three of the nine sites (sites 78, (sites 4, 5, 8, 50, and 130). The highest median total-
115, and 116) showing a concentration trend, the nunphosphorus concentrations were found in the Alafia
ber of censored values in the data set was greater thaiver basin—6.0 mg/L (site 124), 3.9 mg/L (site 126),
15 percent (see methods section). The spatial distribiand 1.9 mg/L (site 125). However, flow-adjusted con-
tion of the increasing trends was study-unit wide. centration trends for these three sites were decreasing.
Several of the increasing flow-adjusted trends in nitrate | ong-term trends may be masked by fluctuations
occurred in the Tampa area (sites 8, 125, 130, and 136 seasonal differences in constituent concentrations.
which has a high population density. Livestock producHowever, this variation is accounted for in the
tion is common along the Suwannee River (site 47) angSTREND program, but only the significance and
crop farming is common along the Ochlockonee Riverdirection of the overall trend for a particular site are
(site 66) which could explain the increasing flow-  reported and not the magnitude of the slope. Only the
adjusted nitrate concentration trends at these two sitggentification of the most influential seasonal trend is

Trend slopes for kjeldahl nitrogen were not calcu-available. Seasonal nutrient trends were detected at
lated for 26 of the 28 sites used in trend analysis three sites within the study unit, all occurring in the
because the sites did not meet the established criteriddillsborough River basin—site 3 showed a summer
Of the two remaining sites, site 120 (in a coastal areainfluenced increasing seasonal flow-adjusted nitrate
showed no kjeldahl concentration trend and site 68 ogoncentration trend; site 8 showed a winter influenced
the Ochlockonee River showed an increasing flow- increasing seasonal flow-adjusted ammonia concentra-
adjusted kjeldahl concentration trend. tion trend; and site 5 showed a summer influenced

Of the trends in ammonia concentrations, seven increasing seasonal total-phosphorus concentration
were increasing with slopes less than 0.01 (mg/L)/yr andf€nd-
six were decreasing with a range in slope from less than In summary, for the long-term trends within the
-0.01 to -0.03 (mg/L)/yr (table 3). Six of the seven study unit, the magnitude of the slopes are considered
increasing concentration trends were in the northern pal@w; 86 percent of the slopes were less than or equal to
of the study unit. The largest decreasing flow-adjusted 0-03 (mg/L)/yr. A total of 18 long-term trends were
ammonia concentration trends occurred at site 3 on théound for nitrate, 13 for ammonia, 1 for kjeldahl, 17 for
Hillsborough River and site 66 on the Ochlockonee  total phosphorus. Three seasonal trends were also
River. Site 68, downstream from site 66, also shows afound. The Spatial distribution of the IOng-term trends
decreasing trend, which might indicate that the cause dh nitrate concentrations were study-unit wide. Six of
the decreasing trends in ammonia concentrations on tHB€ seven increasing ammonia trends were located in
Ochlockonee River may be upstream from site 66.  the northern part of the study unit. In the southern part

Of the trends in total-phosphorus concentrations, of the study unit 13 of the 17 total-phosphorus trends

11 were increasing and 6 were decreasing. Also, 14 O\ﬁireHifl(ljsubnool.oﬁlg:;hlg?\?efizss?:al trends were located in

the 17 trends were in the southern part of the study uni{.
Two increasing trends were found in the Altamaha

River basin: site 81 on the Ocmulgee River and site 79SUMMARY AND CONCLUSIONS
located 28 river miles downstream on the Altamaha

Rivel‘. Five Of the SiX decreaSing ﬂOW'adeSted concen- The USGS iS Conducting an assessment of nutrient
tration trends occurred in the Tampa area, which mayconcentrations in surface waters of the GAFL study
be a result of upgrades in wastewater treatment plantgnit as part of the NAWQA program. During the early
or management of phosphate-mining operations. Somgnase of this study, historical data (water years 1971-
of the decreasing slopes for these sites were relativelgl) was compiled and analyzed in order to evaluate
large: -0.24 (mg/L)/yr (site 126), -0.22 (mg/L)/yr (site nytrient concentrations within the 61,545 study
125), and -0.21 (mg/L)/yr (site 124). unit. Evaluation of the nutrient concentrations utilized
Median total-phosphorus concentrations exceedethe characteristics of land resource provinces, land use,
the recommended USEPA upper concentration limit and nonpoint and point-source discharges in the study
(0.1 mg/L) at 10 sites, of which, 9 sites were in the unit. Long-term trends were investigated to determine
Tampa, Fla., area (table 3; fig. 36). Of those 10 sites,the temporal distribution of nutrient concentrations.
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Inorder to determinealevel of concernfor nutrient  and Kilmer, 1980). Median concentrations of nitrate
concentrations the following USEPA standards and and ammonia for all four land-use categories were
guidelines were used as points of reference—the MClbelow the USEPA standards or guidelines; however,
of 10 mg/L for nitrate concentrations in public-drink- the USEPA guideline for total-phosphorus concentra-
ing water supplies; a value of 2.1 mg/L for ammonia tions was exceeded by 0.25 mg/L in the urban category
concentrations based on chronic exposure of aquaticand by 0.01 mg/L in the agricultural category.
organisms; and a value of 0.1 mg/L in flowing water for ~ For sites within the ten major river basins, median
total phosphorus, based on discouragement of excesnutrient concentrations were generally below USEPA
sive growth of aquatic plants (U.S. Environmental  guidelines, except for total-phosphorus concentrations
Protection Agency, 1986). There are no guidelines forwhere 45 percent of the medians exceeded the guide-
kjeldahl concentrations. Interestingly, the median totalkine. The only exceedance of the ammonia concentra-
phosphorus concentration in U.S. rivers (1974-81) wasion guideline occurred on Swift Creek (3.4 mg/L) in
0.13 mg/L (Smith and others, 1987). The median totakhe Suwannee River basin. Median concentrations of
phosphorus concentrations in Florida streams was 0.1ditrate, ammonia, and total phosphorus were below the
mg/L (Friedemann and Hand, 1989). USEPA guidelines for all sites within the Withla-
coochee, Aucilla, and St. Marys River basins. For sites
gvithin the remaining basins, the median total-phospho-
rus concentrations exceeded the USEPA guideline as
follows—Hillsborough, 10 of 10 sites; St. Johns, 1 of 3
sites; Suwannee, 11 of the 15 sites; Ochlockonee, 3 of
the 4 sites; Satilla, 1 of 5 sites; Altamaha, 6 of 24 sites,

Median nutrient concentrations were significantly
different among the four land resource provinces in th
study unit—Southern Piedmont, Southern Coastal
Plain, Coastal Flatwoods, and Central Florida Ridge.
In general, the Coastal Flatwoods showed the lowest
median nutrient concentrations and the Southern .
Coastal Plain had the highest median nutrient concen‘r’—md O'geech.ee, 1of5 s_ltgs. ) i
trations. Median concentrations for nitrate and ammo-  SIt€ nutrient data within each major basin was
nia were below the USEPA standards and guidelines 299regated for comparisons of median nutrient concen-
for all four land resource provinces whereas the mediaf{2tions among major basins. The Ochlockonee and
concentrations for total phosphorus exceeded the  Hillsborough River basins had the highest median
guideline by 0.08 mg/L in the Southern Coastal Plain nutrient concen_tratlons'and the Aucnla_Rwer bagln had
and by 0.03 mg/L in the Central Florida Ridge. A sig- the lowest median nutrient concentrations. Median

nificant difference among the land resource province£Oncentrations of nitrate and ammonia among all major

implies that median nutrient concentrations in surface2@Sins were below the USEPA standards and guide-

water basins located within different land resource lines. The median total-phosphorus concentration for

provinces are not expected to be the same due to diffdp€ following river basins exceeded the USEPAS

ences in the combination of environmental factors suchecommended upper concentration limit of 0.1 mg/L:
as soil permeability, runoff rates, and stream-channelillsborough (0.42 mg/L), Suwannee (0.21 mg/L), and

slopes. Therefore, land resource provinces should beOchlockonee (0.26 mg/L).

considered as a contributing factor in explaining differ- LOW nutrient concentrations were found in all ten
ences in water quality when designing surface-water M&Jjor river basins when sites were analyzed according

sampling networks that cover large areas. to their relgtivg locations in the'basin (river miles).
~Important findings for each major basin are summa-
When land-use percentages were classified into rized below:

four land-use categories, lower median nitrate cONCeny;sporouah River Basin

trations in surface-water basins were associated with ) . . .

the forest/wetland land-use category and higher con-, _ R€latively high nutrient concentrations were found

centrations of nitrate and ammonia with the urban cat"" the northeast part of _the river basin and hlgher t_otal—
sphorus concentrations were found on tributaries

egory. These results were reasonable based on expecfﬁ&o h ) Relativelv high :
high nutrient inputs from urban areas and low inputs than on the main stem. Relatively high nutrient concen-

from forested and wetland areas. The lack of associayat'ons were found on Blackwater Creek.

tion between high nutrient concentrations and the agri/ti/acoochee River Basin

cultural category was not expected since the removal of Median nitrate concentrations were lower in the
nutrients in runoff from agricultural production has  upper part of the basin, perhaps due to ground water
been documented (Legg and Meisinger, 1982; Taylorinputs, and higher in the lower part of the basin.
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High median kjeldahl concentrations found in the
upper part of the basin may be attributed to the Green
Swamp. Median ammonia and total-phosphorus con-
centrations showed little variability throughout the
basin.
St. Johns River Basin

Only three sites were used in the St. Johns River
basin. Concentrations of kjeldahl and total phosphorus
were higher on the St. Johns River than on Oklawaha
River and nitrate and ammonia concentrations were
higher on the Oklawaha River than on the St. Johns
River.
Suwannee River Basin

Natura phosphate deposits, phosphate mining,
and wastewater discharges have contributed to the
increased nutrient concentrations found within the
basin. Swift Creek had higher nutrient concentrations
than any other site within the basin.

Aucilla River Basin

There was little variation in nutrient concen-
trations.
Ochlockonee River Basin

Median concentrations of nitrate, ammonia, and
total phosphorus were higher on the Ochlockonee
River than on the Sopchoppy River.

St. Marys River Basin

There was little variation in nutrient concen-
trations.
Satilla River Basin

The highest nutrient concentrations within the
basin may be a result of point-source discharge.
Altamaha River Basin

Nutrient concentrationswere highest in the Ocmul-
gee River subbasin and lowest in the Ohoopee River
subbasin, which corresponds to the volume of waste-
water discharge within these tributaries. The highest
nutrient concentrations were found on the South River.

Ogeechee River Basin

Nonpoint sources of discharge seem to be theinflu-
encing factor in nitrate and total - phosphorus concentra-
tions along the Ogeechee River and nonpoint and
point-source discharges seem to be influencing factors
in nitrate, ammonia, and total-phosphorus concentra-
tions along the Canoochee River.

Although nutrient concentrations within the study
unit were low, long-term trends were found in all four
nutrients at 28 sites throughout the study area. A total
of 18 long-term trends were found for nitrate, 13 for

ammonia, 1 for kjeldahl, 17 for total phosphorus. In
addition, three seasonal trends were found. Of the
trends in total-phosphorus concentrations, 11 were
increasing and 6 were decreasing. The median total-
phosphorus concentrations exceeded the recom-
mended USEPA guideline (0.1 mg/L) at 10 sites, of
which, 9 siteswere in the Tampa, Fla., area. However,
concentration trends for five of these sites were
decreasing, which may be aresult of upgradesin
wastewater treatment plants or management of phos-
phate-mining operations. The spatial distribution of the
nitrate trends was study-unit wide, with increasing
slopes ranging from less than 0.01 to 0.07 (mg/L)/yr.
Several of the increasing flow-adjusted trendsin
nitrate occurred in the Tampa area. Of the trendsin
ammonia concentrations, six were decreasing with
slopesranging from -0.03 to less than -0.01 (mg/L)/yr
and seven were increasing with slopes less than 0.01
(mg/L)/yr. Spatialy, six of the seven increasing ammo-
nia concentration trends were |ocated in the northeast
part of the study unit. Only two of the sites met the
established criteriafor determining trends in kjeldahl
concentrations—one showed no kjeldahl concentra-
tion trend and one had an increasing trend.
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Appendix

Explanation of Appendix

Analysis component

Explanation of appendix shading

Map number

Number shown on figures. Shading shows duplicate sites.

Basin Size

Drainage isin square miles. Shading indicates that the site was used in basin size
analysis.

Land resource provinces

CFW=Coasta Flatwoods, CFR=Central Florida Ridge; SCP=Southern Coastal Plain;
SP=Southern Piedmont. Shading indicates that the site was used in land resource
province analysis.

Land-use category

L and-use category derived from algorithm (see methods section). Shading indicates that
the site was used in land-use category analysis.

Volume of wastewater
discharge

Volume of domestic wastewater discharge (in million gallons per day) found between
sites. Total volume for major basin includes areas bel ow most downstream site used in
basin, therefore, volumes for individual sites do not always equal the total volume for
that basin.

Major basins

Shading indicates that the site was used in major basin analysis.

Rivermiles

Number of rivermiles from mouth of river basin. Shading indicates that the site was
used in river miles analysis.

Long-term trends

Shading indicates that the site was used in long-term trend analysis.
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09

Numbers in parentheses, under analysis component header section, are total number of sites used; number in parenthesis following river
basin is the hydrologic unit code]
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Analysis component
Map _ B;ZS': Land Volume of Major ' . Long-
no. SiteID Stream name resource Land use wastewater : Rivermiles term
(144) (::?llji)e province (61) discharge bfgs;r)ls (miles) trends
(62) (59) (Mgal/d) (28)
Hillsborough River basin (03100205) 18.1
1 | 02301990 Hillsborough River 104 0.0 37
2 | 02302500 Blackwater Creek 102 mixed 10.5 38
3 | 02303000 Hillsborough River 243 | CFW 0.4 33
4 | 02303200 Pemberton Creek 21 | CFW 5.2 34
5 | 02303300 Flint Creek 12 0.0 28
6 | 02303330 Hillsborough River 392 2.0
7 | 02303354 Hillsborough River 445 0.0 20
8 | 02303400 Cypress Creek 56 mixed 0.0 41
9 | 02303420 Cypress Creek 123 0.0
10 | 02303800 Cypress Creek 167 0.0
11 | 02304000 Hillsborough River 626 0.0 16
12 | 02305780 Curiosity Creek 0.89 | CFR forested 0.0 11
13 | 02306006 Kirby Street Drainage 26 | CFR 0.0 7
Withlacoochee River basin (03100208) 11.4
14 | 02310800 Withlacoochee River 108 mixed 0.0 121
15 | 02310947 Withlacoochee River 271 0.0 104
16 | 02311500 Withlacoochee River 417 0.0 4
17 | 02312180 Little Withlacoochee R 78 0.0
18 | 02312200 Little Withlacoochee R 139 agricultural 0.0 74




xipuaddy

79

Analysis component

Basin

Map . Land Volume of . Long-
no. SiteID Stream name Size resource Land use wastewater M aor Rivermiles term
(144) (:glu;r)e province (61) discharge b?;r;s (miles) trends
©2) (59) (Mgal/d) (28)
19 | 02312500 Withlacoochee River 800 10.9 68
20 | 02312600 Withlacoochee River 980 0.0 55
21 | 02312667 Shady Brook 8.7 | CFR agricultural 0.0
22 | 02312700 Outlet River 139 agricultural 0.5 53
23 | 02312975 Tsala Apopka Outfall 188 0.0 36
24 | 02313000 Withlacoochee River 1832 0.0 30
25 | 02313100 Rainbow Springs -- 0.0 26
26 | 02313180 Blue Run -- 0.0 21
27 | 02313230 Withlacoochee River 2020 0.0 10
28 | 02313250 Withlacoochee Bypass 2046 0.0 9
St. Johns River basin (03080101-03) 104.4
29 | 02232000 St. Johns River 1234 0.0
30 | 02232500 St. Johns River 1789 | CFW 4.1
31 | 02234000 St. Johns River 2290 14.9
32 | 02236000 St. Johns River 3354 13.7
33 | 02237700 Apopka-Beauclair Canal 183 | CFR agricultural 0.0 183
34 | 02240000 Oklawaha River 1455 | CFR agricultural 0.5 137
35 | 02244450 St. Johns River 7603 11 78
Suwannee River basin-- 221
Main stem (03110201-06)
36 | 02314500 Suwannee River 1088 | CFW forested 0.7 193
37 | 02314986 Rocky Creek 45 | CFW forested 0.0 176
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Analysis component
Map . B;ZS': Land Volume of Major ' . Long-
no. SiteID Stream name resource Land use wastewater : Rivermiles term
(144) (rjrs?illg)e province (61) discharge b(a:4r)1$ (miles) trends
62) (59) (Mgal/d) (28)

38 | 02315005 Hunter Creek 25 | CFW forested 0.0 170

39 | 02315090 Roaring Creek 18 forested 0.0 164

40 | 02315500 Suwannee River 2258 0.0 151

41 | 02315520 Swift Creek 65 05 156

42 | 02315532 Rocky Creek 254 0.0 145

43 | 02316000 Alapaha River 656 agricultural 0.6 216

44 | 02316120 Turkey Branch 14 | SCP mixed 0.0

45 | 02316218 Stump Creek 14 | SCP agricultural 0.0

46 | 02319000 Withlacoochee River 2123 0.0 138

47 | 02320500 Suwannee River 7689 6.0 68

48 | 02320700 Santa Fe River 94.9 1.0 116

49 | 02321000 New River 191 11 113

50 | 02321500 Santa Fe River 574 forested 0.4 101

51 | 02323500 Suwannee River 9448 0.0 30

Suwannee River basin--

Withlacoochee River (03110203-04)

52 | 02317718 New River 11 | SCP mixed 4.3 225

53 | 02317749 Withlacoochee River 496 agricultural 18

54 | 02317757 Withlacoochee River 543 | SCP 0.1 178

55 | 02317797 Little River 129 | SCP agricultural 0.0

56 | 02317800 Little River 145 | SCP 0.0 208

57 | 02317830 Little River 208 0.0 194

58 | 02318500 Withlacoochee River 1362 | SCP 5.6
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Analysis component

Basin

Map . Land Volume of . Long-
no. SiteID Stream name Size resource Land use wastewater M aor Rivermiles term
(144) (::]illg)e province (62) discharge b(a;4r)1$ (miles) trends
©2) (59) (Mgal/d) (28)
59 | 02318725 Okapilco Creek 281 | SCP agricultural 0.0 164
60 | 02318960 Withlacoochee River 2065 | SCP 0.0 143
46 | 02319000 Withlacoochee River 2123 0.0 138
Aucilla River basin (03110103) 4.0
61 | 02326500 AucillaRiver 747 4.0 27
62 | 02326512 AucillaRiver 814 mixed 0.0 12
63 | 02326526 Wacissa River -- 0.0 16
Ochlockonee River basin (03120002-03) 8.8
64 | 02327100 Sopchoppy River 104 | CFW forested 0.0 17
65 | 02327205 Ochlockonee River 98 agricultural 2.7
66 | 02327500 Ochlockonee River 554 | SCP 0.9 107
67 | 02328200 Ochlockonee River 0926 | SCP 1.0 90
68 | 02329000 Ochlockonee River 1140 | SCP 0.0 74
69 | 02329534 Quincy Creek 17 | SCP mixed 31
St. Marys River basin (03070204) 337
70 | 02229000 Middle Prong St. Marys 136 | CFW 0.0 98
71 | 02231000 St. Marys River 870 | CFW 0.7 82
72 | 02231220 St. Marys River 1326 | CFW 0.3 45
Satilla River basin (03070201-02) 39
73 | 02226475 Satilla River 1137 mixed 0.2 121
74 | 02226500 Satilla River 1200 0.0 115
75 | 02226582 Satilla River 1336 | CFW 28 104
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Analysis component
Map . B;ZS': Land Volume of Major ' . Long-
no. SiteID Stream name resource Land use wastewater : Rivermiles term
(144) (rjrs?illg)e province (61) discharge b(a:4r)1$ (miles) trends
62) (59) (Mgal/d) (28)
76 | 02227000 Hurricane Creek 138 | CFW mixed 0.0 131
77 | 02227500 Little Satilla River 664 | CFW mixed 0.0
78 | 02228000 SatillaRiver 2787 | CFW 0.7 72
Altamaha River--Main stem (03070101-07) 6.3
79 | 02215500 Ocmulgee River 5238 95.8 130
80 | 02223600 Oconee River 4436 24.0 176
81 | 02225000 Altamaha River 11557 | SCP 24 102
82 | 02225282 Crooked Creek 2.726 | SCP urban 0.0
83 | 02225470 Pendelton Creek 302 | SCP agricultural 0.0
84 | 02225500 Ohoopee River 1131 | SCP 4.2 98
85 | 02225990 Altamaha River 13564 0.0 55
86 | 02226000 Altamaha River 13565 | CFW 0.0
87 | 02226010 Altamaha River 13583 | CFW 0.0 48
88 | 02226100 Penholoway Creek 183 | CFW forested 0.0
89 | 02226160 Altamaha River 14108 | CFW 16 26
Altamaha River (03070101-07)-- 24.0
Oconee River basin (03070101-02)
90 | 02217740 North Oconee River 274 | SP mixed 0.8 323
91 | 02218000 Oconee River 783 | SP 75 311
92 | 02218500 Oconee River 1076 | SP 36 288
93 | 02223000 Oconee River 2941 | SP 22 238
94 | 02223040 Oconee River 3054 53 233
95 | 02223250 Oconee River 3836 0.9 203
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Analysis component

Basin

Map . Land Volume of . Long-
no. SiteID Stream name Size resource Land use wastewater Ma!or Rivermiles term
(144) (:?illg)e province (61) discharge b(a;4r)1$ (miles) trends
62) (59) (Mgal/d) (28)
80 | 02223600 Oconee River 4436 3.0 176
96 | 02224000 Rocky Creek 62 | SCP agricultural 0.0 194
Altamaha River (03070101-07)-- 95.8
Ocmulgee River basin (03070103-05)
97 | 02203800 South River 39 urban not known 366
98 | 02203965 South River 148 0.0
99 | 02203970 Mountain Creek tributary 0.19 | SP forested 0.0
100 | 02204070 South River 183 | SP 0.0
101 | 02204520 South River 464 | SP 335 331
102 | 02206500 Yellow River 136 urban 0.0
103 | 02207300 Yellow River 243 | SP 15.3 349
104 | 02208005 Yellow River 443 | SP 0.0
105 | 02209260 Alcovy River 256 | SP mixed 1.9 327
106 | 02210500 Ocmulgee River 1431 | SP 15 315
107 | 02212600 Falling Creek 72 | SP forested 0.0 298
108 | 02212950 Ocmulgee River 2239 | SP 3.8 278
109 | 02213700 Ocmulgee River 2688 27.6 257
110 | 02214265 Ocmulgee River 3115 8.4 244
111 | 02215260 Ocmulgee River 4460 1.6 190
79 | 02215500 Ocmulgee River 5238 0.6 130
112 | 02216100 Alligator Creek 242 | SCP mixed 0.0
Ogeechee River basin (03060201-03) 5.6
113 | 02202000 Ogeechee River 1940 15 105
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Analysis component
Map . B;in Land Volume of Major ' . Long-
no. SiteID Stream name resource Land use wastewater : Rivermiles term
(144) (rjrs?illg)e province (61) discharge b(a:4r)1$ (miles) trends
62) (59) (Mgal/d) (28)
114 | 02202190 Ogeechee River 2382 mixed 0.0 77
115 | 02202500 Ogeechee River 2659 0.0 49
116 | 02203000 Canoochee River 560 | SCP agricultural 0.1 79
117 | 02203519 Canoochee River 1349 4.0 35
Coastal areas (03060204, 03080201, 03080203, 03100203-04, 03100206-07, 03110102, 0312001) 173.0
118 | 02203578 N. Newport River 1530 | CFW forested
119 | 02248000 Spruce Creek 58 | CFW
120 | 02253000 Main Canal 32 | CFW
121 | 02300100 Little Manatee River 30 | CFW agricultural
122 | 02300500 Little Manatee River 148
123 | 02300700 Bullfrog Creek 20 | CFW agricultural
124 | 02301000 North Prong Alafia River 184
125 | 02301300 South Prong Alafia River 57 | CFW
126 | 02301500 AlafiaRiver 340
127 | 02301766 Tampa Bypass Canal 0.82 | CFR agricultural
128 | 02301802 Tampa Bypass Canal 28 mixed
129 | 02301840 29th Street Drainage 9.7 urban
130 | 02307000 Rocky Creek 43 agricultural
131 | 02307359 Brooker Creek 33 | CFW mixed
132 | 02307671 Alligator Creek 6.3 | CFW urban
133 | 02308931 St. Joe Creek 1.8 | CFW urban
134 | 02308935 St. Joe Creek 27 | CFW urban
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Analysis component

Basin

Map 7 Land Volume of Maior Long-
no. SiteID Stream name S'u:re resource Land use wastewater bagns Rivermiles term
(144) (sql province (61) discharge (94) (miles) trends

miles) (59) (Mgal/d) 28)

(62)

135 | 02308990 Bonn Creek 2.7 | CFW urban
136 | 02310000 Anclote River 69 | CFW agricultural
137 | 02310280 Pithlachascotee River 149 agricultural
138 | 02310300 Pithlachascotee River 179 | CFW
139 | 02324000 Steinhatchee River 316 | CFW forested
140 | 02326838 Northeast Drainage 9.7 | scp urban
141 | 02326900 St. Marks River 529 | SCP mixed
142 | 274141082051300 | Grace Creek 11 | CFW agricultural
143 | 274215082072000 | Unnamed tributary 0.36 | CFW agricultura
144 | 275647082240601 | Palm River 34 | CFW mixed
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