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WATER QUALITY OF THE
APALACHICOLA-CHATTAHOOCHEE-FLINT AND OCMULGEE RIVER
BASINS RELATED TO FLOODING FROM TROPICAL STORM
ALBERTO; PESTICIDES IN URBAN AND AGRICULTURAL
WATERSHEDS; AND NITRATE AND PESTICIDES IN GROUND WATER

By Daniel J. Hippe, David J. Wangsness, Elizabeth A. Frick, and Jerry W. Garrett

ABSTRACT

This report presents preliminary information on
water quality in the Flint, Apalachicola, and Ocmulgee
River basins during record flooding caused by tropical
storm Alberto, July 1994. It also compares the types and
concentrations of pesticides present in surface waters
draining predominantly agricultural and urban
watersheds, and presents preliminary information on the
occurrence of nitrate and commonly used pesticides in
the shallow ground water associated with agricultural
land use in the southern Apalachicola-Chattahoochee-
Flint (ACF) River basin.

During the period July 3-7, 1994, tropical storm
Alberto as much as 28 inches of rain fell onto parts of
southwestern and central Georgia and southeastern
Alabama causing record flooding on the Flint and
Ocmulgee Rivers and several of their tributaries. Much
of the topsoil eroded during intensive rainfall and
flooding probably was redeposited in extensive
floodplains within the river basins. The suspended
sediment transported from the basins was comprised
mostly of silt- and clay-sized material. Total nitrogen
concentrations were lower, and total phosphorus
concentrations were higher than median concentrations
in samples collected prior to the flood. Much of the
nitrogen load was in the form of organic nitrogen
generally derived from organic detritus, rather than
nitrate derived from other sources, such as fertilizer.
Floodwaters transported a large part of the mean annual
load of total phosphorus and organic nitrogen and a
lessor part of the mean annual load of nitrite plus nitrate.
Fourteen herbicides, five insecticides, and one fungicide
commonly used in agricultural and urban areas were
detected in floodwaters of the Flint, Apalachicola, and
Ocmulgee Rivers. Concentrations of nitrate nitrogen
and detected pesticides were below EPA standards and
guidelines for drinking water. However, concentrations
of the insecticides chlorpyrifos, carbaryl, and diazinon
approached or exceeded guidelines for protection of
aquatic life.

Water-quality samples were collected at nearly
weekly intervals from March 1993 through April 1994
from one urban and two agricultural watersheds in the
ACF River basin, and the samples analyzed for 84
commonly used pesticides. More pesticides were
detected and at generally higher concentrations in water
from the urban watershed than the agricultural
watersheds. A greater number of pesticides were
detected throughout much of the year in the urban
watershed than the agricultural watersheds. Median
concentrations of all pesticides detected in water from
each watershed were below EPA drinking-water
standards and guidelines. However, median concen-
trations of the insecticides chlorpyrifos and diazinon
exceeded guidelines for protection of aquatic life.

Thirty-eight wells were installed in surficial aquifers
adjacent to and downgradient of farm fields within
agricultural areas of southwestern Georgia and adjacent
areas of Alabama and Florida. Four reference wells
were installed in forested areas to represent background
water-quality conditions. The surficial aquifers were
selected for sampling rather than deeper, regional
aquifer systems because they are the uppermost water-
bearing zones and are more susceptible to
contamination. Even though regional aquifers are
generally used for domestic- and public-water supplies,
and for irrigation, degradation of water quality in the
surficial aquifers serves as an early warning of potential
contamination of regional aquifers.  Nitrate
concentrations were less than 3 mg/L as N (indicating
minimal effect of human activities) in water from about
two-thirds of the wells in agricultural areas. Water from
the remaining agricultural wells had elevated nitrate
concentrations in one or two samples, probably the
result of human activity, and nitrate concentrations in
two of these wells exceeded the EPA drinking-water
standards. Water samples from eight agricultural wells
had pesticide concentrations above method detection
limits, but maximum concentrations were below EPA
drinking-water standards or guidelines.



INTRODUCTION

This report presents three chapters that describe
preliminary information from data-collection programs
supported by the U.S. Geological Survey’s (USGS)
National ~ Water-Quality ~ Assessment (NAWQA)
Program. A focus of the program is nonpoint-source
inputs of nutrients, suspended sediments, and
commonly used pesticides. The first chapter describes
chemical and suspended-sediment concentrations and
loads in surface waters of the Apalachicola-
Chattahoochee-Flint (ACF) and Ocmulgee River basins
during record flooding caused by tropical storm Alberto,
July 1994 (fig. 1). Although the Ocmulgee River basin
is not a part of the ACF River basin NAWQA study, it is
included here to document water-quality conditions
during record flooding in both basins. The second
chapter compares the types and amounts of pesticides
present in surface waters draining predominantly
agricultural and urban watersheds. The third chapter
presents information on the occurrence of nitrate and
commonly used pesticides in the shallow ground water
associated with agricultural land use in the southwestern
ACF River basin. Data included in analyses in chapters
two and three were collected from March 1993 through
April 1994 as a part of the AFC River basin NAWQA
program. Data described in each of the chapters are
related to standards for drinking water and aquatic
organisms to provide perspective.

In 1991, the USGS began full-scale implementation
of the NAWQA program. Three major objectives of the
program are to provide a consistent description of
current water-quality conditions for a large part of the
Nation’s water resources; define long-term trends (or
lack thereof); and identify, describe, and explain the
major factors that affect observed water-quality
conditions and trends (Leahy and others, 1990). The
NAWQA program, when fully implemented, will
include investigations of hydrologic systems in 60 study
units that include parts of most major river basins and
aquifer systems in the United States. Study units range
in size from 1,200 to about 65,000 square miles (mi“),
and incorporate 60 to 70 percent of the Nation’s water
use and population served by public water-supply
systems. The Apalachicola-Chattahoochee-Flint (ACF)
River basin was among the first 20 NAWQA study units
selected for study under the full-scale implementation
plan.

The ACF River basin drains about 19,600 mi in
western Georgia, southeastern Alabama, and the Florida
panhandle. The study area is comprised of the
Chattahoochee and Flint River drainages that meet in
Lake Seminole to form the Apalachicola River. The
Apalachicola River flows through Florida into the
Apalachicola Bay, and discharges into the Guif of
Mexico. Sixteen reservoirs have altered natural stream
flow and riverine ecosystems within the study area. Six
reservoirs have storage capacity enough to affect

downstream flows, and to affect nutrient and suspended-
sediment concentration and transport. The Ocmulgee
River basin lies to the east of the ACF River basin and
drains about 5,180 miZ.

One of the tasks of the NAWQA program is to
design and implement an integrated assessment of
surface- and ground-water quality as it relates to point-
and nonpoint-source contributions from various land
uses. Forest and agriculture are dominant land uses and
land covers within the ACF River basin, accounting for
59 and 29 percent of the ACF River basin, respectively
(fig. 2). Most agricultural land in the Upper and Middle
Chattahoochee and Upper Flint River subbasins is used
for pastures and, to a lesser extent, poultry production;
while most agricultural land in the southern ACF River
basin is used for row crops and, to a lesser extent,
orchards. Urban land use accounted for 5.3 percent of
the study area. In 1990, the population of the ACF River
basin was about 2.64 million people, 60 percent of
which lived in the Metropolitan Atlanta area (U.S.
Bureau of Census, 1991a,b,c). Wetland areas accounted
for about 5.4 percent of the entire basin. Agricultural
and urban land uses are of particular interest within the
ACF River basin because they have the greatest
potential effect on the physical, chemical, and biological
quality of the surface- and ground-water resources.

The NAWQA program is focusing on the
occurrence and distribution of nutrients, suspended
sediments, and pesticides in the Nation’s water
resources.  Nutrients, particularly nitrogen and
phosphorus, are important because their concentrations
regulate or limit the productivity of organisms in
freshwater-aquatic systems. High concentrations of
nitrogen and phosphorus can adversely affect surface-
water quality through eutrophication (abundant
accumulation of nutrients causing excessive aquatic-
plant growth) and toxicity to aquatic life. High
concentrations of nitrate, primarily in ground water, can
be toxic to infants and warm-blooded animals that drink
the water. Nutrient inputs to the ACF River basin
generally are from municipal wastewater-treatment
facilities, animal manure, fertilizer, and atmospheric
deposition. Nutrients in water samples collected as a
part of this report, their detection limits, and applicable
water-quality standards are listed in table 1.

Suspended sediment is important because high
concentrations can reduce light penetration and
visibility for aquatic organisms. Suspended sediment
also causes abrasion of fish gills, alters aquatic habitat
by covering rocks and gravel necessary for many
aquatic organisms to survive, and acts as a hydrophobic
chemical carrier. Suspended-sediment inputs to the ACF
River basin generally are from erosion of land that has
been disturbed because of construction or farming
practices, resuspension of sediments from stream and
river bottoms during floods, or from erosion of river
banks.
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Figure 1. Location of Apalachicola-Chattahoochee-Flint and Ocmulgee River basins in parts of
Georgia, Alabama, and Florida.






Table 1: Nutrients analyzed for in surface- and ground-
water samples collected in the Apalachicola-
Chattahoochee-Flint and Ocmulgee River basins, March
1993 through July 1994

[MCL, maximum contaminant level; mg/L, milligrams
per liter; --, no drinking-water standard available]

Detection

1/
Nutrient limit x}C}L)
(mg/L) &
Nitrite nitrogen, dissolved 0.01 1
Nitrate + nitrite nitrogen, dissolved 05 10
Ammonia nitrogen, dissolved .01 -
Ammonia + organic nitrogen, .20 --
dissolved
Ammonia + organic nitrogen, .20 --
total¥
Orthophosphate as phosphorus, .01 -
dissolved
Dissolved phosphorus .01 --
Total phosphorus2/ .01 --

1U.S. Environmental Protection Agency, primary
drinking-water standards (1993).

s Only analyzed for in surface-water samples.

The term pesticide refers to groups of organic
compounds designed to control pests, such as weeds
(herbicides), insects (insecticides), fungi (fungicides),
and so forth. Pesticides in surface and ground waters at
concentrations that exceed standards can be harmful to
human and aquatic health. Pesticide inputs to the ACF
River basin generally are from applications to cropland,
orchards, in and around buildings, lawns and gardens,
golf courses, parks, and roadways.

Filtered water samples collected throughout the
NAWQA program are analyzed by the USGS National
Water Quality Laboratory using two broad-spectrum
analytical methods to identify and quantify concen-

trations of 84 pesticides (50 herbicides, 33 insecticides,
and 1 fungicide) that have been commonly used
throughout the United States. Many of these compounds
are used for weed and insect control in the ACF River
basin. However, the analytical methods do not include
some commonly used pesticides, such as paraquat,
methanearsonate, glyphosate, DSMA, MSMA, and
several chlorophenoxy herbicides. Therefore, it should
not be assumed that these pesticides are not applied in
the basin or are not present in the surface and ground
waters. Pesticides detected in water samples collected
from March 1993 through July 1994 in the ACF and
Ocmulgee River basins are listed in table 2. The table
also includes method-detection limits for each pesticide
and selected water-quality standards and guidelines. In
many instances, pesticide concentrations were reported
below the established method detection limits when
concentrations were not significantly outside the
calibration and all criteria were met for a positive result.
The method detection limits are used as the default for
reporting values when no analyte was detected.

The principal human-health risks associated with
select pesticides in drinking water is an increased
chance of contracting cancer (Nowell and Resek, 1994).
2,4-D is an example of a pesticide detected in waters
within the ACF River basin that has an estimate of
cancer risk from drinking water (table 3). The estimated
risk is based on the assumption that if a 70 kilogram
adult drank 2 liters of water per day containing 100 pug/L
of 2,4-D during an average 70-year life span, that person
would increase their chances of contracting cancer by 1
in a million (Nowell and Resek, 1994, p. 88). The
highest measured 2,4-D concentration in samples
collected to date (July 1994) was 0.63 pg/l.. The
assessment of risk associated with human activities is
very complex; however, table 3 helps to put into
perspective the risk associated with 2,4-D in water as
related to other selected human activities. This
perspective is not intended to minimize the importance
of detecting harmful chemicals in the water resources of
the ACF River basin, but rather to point out that even
though there should be concern that pesticides are
present, they are present at very low concentrations and
generally do not pose serious health concerns.



Table 2. Pesticides detected in surface- and(or) ground-water samples collected in the Apalachicola-Chattahoochee-
Flint River basin, March 1993 through July 1994

[pg/L, micrograms per liter; MCL, maximum contaminant level; MCLG, maximum contaminant level goal; Lifetime
HA, Lifetime health advisory; --, no standard or guideline available}

Method Standards or guidelines for human and aquatic health
Chemical name Trade name(s) det]?:rt;:)n McLY MCLGY  Lifetime HAY Protec.:tio'n ?‘5
aquatic life
(ng/L) (Hg/L) (ng/L) (ng/L) (ug/L)
Herbicides
Alachlor Lasso 0.009 2 0 - -
Atrazine Aatrex 017 3 3 3 Sly
Deethylatrazine degradation product of Atrazine 003 -- -- - -
Benfluralin® Flubalex 013 - - - -
Bentazon® Basagran .05 - 20 20 --
Bromacil® Bromacil .05 -- -- 90 --
ButylateG/ Sutan + 008 -- -- 350 --
Cyanazine6/ Bladex 013 -- 1 1 &)
DCPAY Dacthal 004 - - 4,000 -
Ethafluralin® Sonalan 013 - — - -
Fluometuron Cotoron .05 -- -- 90 --
MCPAY MCPA and many other names .05 -- - 7y --
Metolachlor Dual 009 -- -- 100 5/g
Metribuzin® Lexone, Sencor 012 - - 200 |
Napropamjde6/ Naproquard, Devrinol 010 -- - -- -
Norflurazon® Zorial .05 - - - -
Oryzalin6/ Snapshot, Surflan 05 -- -- -- -
Pendimethalin® Prowl, Squadron 018 - - - -
Prometon® Pramitol 008 - - 8100 --
Pronamide® Kerb 009 - - 50 -
Simazine® Princep, Aquazine 008 4 4 4 10
Tebuthiuron® Spike, Graslan 003 -- - 500 --
Triclopyr® Garlon, Turflon .05 -- - - -
Trifluralin® Treflan or - - Ty -
2,4-D% 2,4-D and many other names .05 70 70 70 3.0
2,4-DBY 2,4-DB 05 - - - -
Insecticides
Carbaryl® Sevin .05 - - 700 02
Ch]orpyrifosG/ Lorsban, Dursban 005 -- -- 20 .001
p.p’-DDEY degradation product of DDT 02 - - - -
Diazinon® Diazinon, Spectracide 008 - - 0.6 .009
Ethoprop6/ Ethoprop 012 -- - -- --
Fonofos Dyfonate 008 - -- 10 --
Lindane® Lindane o1l 2 2 2 02
Malathion Malathion 014 - -- 7100 .008
Propoxur® Propoxur, Aprocarb .05 -- - 3 -
Fungicide
Chlorothalonil Bravo, Daconil, Termil 05 -- - -- --

Maximum contaminant level is the maximum permissible level of a contaminant in water that is delivered to any user of a public water system. This is an enforceable
standard, established on the basis of health effects, organoleptic effects (effects on taste and color), treatment feasibility, cost of treatment, and analytical detection, and
is set as close to the MCLG as is feasible (U.S. Environmental Protection Agency, 1993; Nowell and Resek, 1994, p. 16).

Maximum contaminant level goal is a non-enforceable concentration of a drinking-water contaminant that is protective of adverse human-health effects and allows an
adequate margin of safety. For known or probable human carcinogens, MCLG is set at zero. For noncarcinogens, MCLG is equivalent to the lifetime health advisory
when both values are final (U.S. Environmental Protection Agency, 1993, Nowell and Resek, 1994, p. 17).

Lifetime health advisory is considered protective of noncarcinogenic adverse health effects of a 70 kilogram adult consuming 2 liters of water per day for a period of 70
years (U.S. Environmental Protection Agency, 1993). For noncarcinogens, the lifetime health advisory and MCLG are the same when both values are final (Nowell and
Resek, 1994, p. 19-20).

Recommended maximum concentration in freshwater to protect aquatic life (Goolsby and others, 1993; Kent and others, 1991; National Academy of Sciences and
National Academy of Engineering, 1973; Nowell and Resek, 1994; Pauli and others, 1990, 1991a,b; Trotter and others, 1990).

/Canadian Government (Environment Canada) water-quality guideline for aquatic life.

Detected only in surface-water quality samples.

7'To be conservative, lowest of two different lifetime health advisories printed in various EPA publications is listed (Nowell and Resek, 1994).

/ Assessment is under review (Nowell and Resek, 1994, p. 77).
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Table 3. Estimated risks associated with selected human activities
[ ng/L, micrograms per liter]

Lifetime Chance of Death (50-year lifetime)!/

Motor vehicle accident 17,000 in 1 million
Drowning 2,500 in 1 million
Fire 2,000 in 1 million
Electrocution 370 in 1 million
Lightning 35 in 1 million

Lifetime Chance of Contracting Cancer (70-year lifetime)

Cigarette smoking!’ 80,000 in 1 million
Air pollution!/ 1,000 in 1 million

Drinking 2 liters of water per day that contained 100 pg/L 2,4-D*3
1 in 1 million

UCrouch and Wilson (1984).

2/Nowell and Resek (1994).

3 Water-quality criteria for the protection of human health: a 70 kilogram adult drinking 2 liters
of water per day would increase risk of contracting cancer by 1 in one million over an average
life span of 70 years (U.S. Environmental Protection Agency, 1986).
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CHAPTER 1: SEDIMENT AND AGRICULTURAL CHEMICALS IN FLOODWATERS
FROM TROPICAL STORM ALBERTO IN JULY 19%4

During the period July 3-7, 1994, tropical storm
Alberto moved northward from the Gulf of Mexico,
across the Florida panhandle, and into parts of
southwestern and central Georgia and southeastern
Alabama. Parts of central and southwest Georgia
received as much as 28 inches of rainfail during the
storm (fig. 3) causing record flooding on the Flint and
Ocmulgee Rivers and several of their tributaries. To
assess the water quality and mass transport related to the
flood, personnel from the USGS Georgia and Florida
Districts sampled streams in the affected areas of the
Flint, Apalachicola, and Ocmulgee Rivers from July 6-
26. This chapter presents a brief description and
summary of the data collected from the flood and
preliminary findings related to mass transport of
sediment, nutrients, and selected pesticides.

Flood-related deaths totaled 31 in Georgia, and 2 in
Alabama (Jerry Curnutt, National Weather Service,
written commun., 1994). Fifty-five counties in Georgia,
10 in Alabama, and 13 in Florida were declared disaster
areas. Urban areas, such as Macon, Montezuma,
Americus, Albany, Newton, and Bainbridge, were
severely flooded. Cost estimates to repair damaged
property and infrastructure totaled hundreds of millions
of dollars. Initial estimates of farmiand damaged by
intensive rainfall or inundated by floodwaters were as
much as 400,000 acres (Clark Weaver, U.S. Department
of Agriculture, Agricultural Stabilization and
Conservation Service, written commun., 1994).

Runoff and flooding of urban and agricultural areas
can result in transport of industrial chemicals, untreated
sewage, and agricultural chemicals by floodwaters; and
subsequent deposition of sediment and transport of
contaminants into flooded areas and downstream
reservoirs, river mouths, or estuaries. Contaminants in
floodwaters can render the water unsuitable for drinking
or for aquatic life. Deposition of sediment and
associated contaminants in floodplains and river mouths
or estuaries can impair crop production, aquatic
habitats, and fisheries.

During flooding caused by tropical storm Alberto,
water-quality samples were collected from locations on
the Flint River, six tributaries to the Flint River, the
Apalachicola River, and the Ocmulgee River. One or
two samples were collected at each of these locations
(fig. 4). Intensive data collection was performed at
furthest downstream locations available on the Flint
River (19 samples at Newton) and Ocmulgee River (8
samples at Lumber City). The purpose of this more
intensive monitoring was to assess changes in water-
quality conditions and mass transport at these points for
the duration of the flood.

Sediment

During periods of intensive rainfall, the resulting
runoff and flooding often causes extensive erosion from
upland areas and resuspension of sediments in
streambeds and floodplains. Loss of topsoil from upland
areas can damage land by incision of gullies and can
reduce the productivity of cropland. Eroded topsoil and
resuspended sediments in rivers and streams can affect
aquatic life. Deposition of sediment and contaminants in
rivers and estuaries can have a negative effect on the
navigational use of waterways and may render the water
resource unsuitable for use as drinking water or for
aquatic life.

Sand was a minor component of the suspended
sediment transported during the flood on the basis of
multiple-interval, depth-integrated samples collected at
mainstem and tributary sites (table 4). However, during
the flooding, water depths in the channel and floodplain
of the Flint River at Montezuma, Kinchafoonee Creek
near Dawson, and Flint River at Newton, exceeded the
depth limit of 15 feet for the D-77 sampler. Because the
depth limits were exceeded, the measured suspended-
sediment concentrations might be less than actual
concentrations. Sediment concentrations in samples
collected during the flood were not substantially
different from samples collected through the normal
annual range of flow conditions. However, the instan-
taneous and cumulative sediment loads were substantial
based on the record water discharges at most sites.

The  highest measured suspended-sediment
concentrations were at or near bankfull conditions as
floodwaters were rising on the Flint River at Newton
and the Ocmulgee River at Lumber City (fig. 5).
Samples collected above bankfull conditions contained
less suspended sediment and sand than samples
collected at bankfull conditions. This decrease at higher
stages could be the result of trapping of sediment in
densely vegetated floodplains and deposition of sand in
the mouths of tributary streams that were in backwater
from the mainstem. The cumulative sediment loads for
the Flint and Ocmulgee Rivers were 110,000 and 83,800
tons, respectively. Yields of suspended sediment also
were slightly higher at 60 and 51 pounds per acre,
respectively. Suspended-sediment data prior to the flood
are not sufficient to estimate historic sediment loads in
Flint River at Newton and Ocmulgee River at Lumber
City. The cumulative load of suspended sediment likely
is small in comparison to quantities that were
redistributed within the drainage areas, with much of the
material deposited in the extensive floodplains along the
Flint and Ocmulgee Rivers upstream of these locations.























































































