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Abstract. The Middle Chattahoochee River Watershed in western Georgia is undergoing rapid urban develop-
ment. Consequently, GeorgiaOs water quality is threatened by extensive development as well as other land uses
such as grazing. Maintenance of stream water quality, as land development occurs, is critical for the protection

of drinking water, biotic integrity, and stream morphology. A two-phase, watershed-scale study was established

to develop relationships among land use and water quality within western Georgia. During phase 1 (year one),
physio-chemical, biological and morphological measurements were taken within 16 sub-watersheds, ranging in
size from 50002500 ha. Nutrient and fecal coliform concentrations within watersheds with impervious surface >
5% often exceeded those in other watersheds during both baseRow and storm Row. Also, fecal coliform bacteria

in more urbanized areas often exceeded the US EPAOs standard for recreational waters. During the second phase
of the study, models will be tested and calibrated based on newly chosen watersheds.
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Introduction

Urbanization is an invasive and rapidly expanding land use pattern in the United States. The
southeastern U.S. has been particularly vulnerable to land conversion, with Texas, Georgia,
and Florida leading the US in land development between 1982 and 1997 (USDA-NRCS,
2004). With population growth rates continuing to increase, as they have over the past 10
years, the relationship between the growing human population and forest land loss through
conversion will likely continue. Consequently, population growth has increased the demand
on an already diminishing natural resource.

In addition to land use conversion, urban sprawl will also continue to threaten water
resources. In 1998, the US EPAQs water quality report to Congress indicated that 291,000
miles of rivers and streams do not meet water quality standards (US EPA, 2000). They also
reported that 12% of the assessed (3,221 mi) ocean shorelines were considered polluted.
The dominant pollutant sources were urban runoff, storm sewers, and land disposal of
waste, which increased bacteria, turbidity, and nutrients along the ocean shorelines (US
EPA, 2000).
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Table 1 Land use ranges within the 16 watersheds of western Georgia

Land use ranges (%)

Urban Evergreen Deciduous Grazing
Urban (3)* 37.77D47.95 8.92b12.81 22.36D30.19 12.20D19.02
Developing (3) 1.88D4.20 15.73D20.89 49.02D53.21 24.26D29.08
Pasture (2) 1.31D4.95 10.90D15.27 30.25D35.32 47.05D51.08
Managed (4) 0.07b2.27 34.01D69.98 24.92D30.66 3.87D36.19
Unmanaged (4) 0.17D1.41 23.54D49.34 44.25P55.11 5.69D20.43

*Number in parenthesis represents the number of watersheds in the category.

The three-county study area lies within the Piedmont physiographic province. Elevation
ranges from 500 to 1500 feet above sea level and the topography is gently rolling to steep.
The soils are underlain by acid crystalline and metamorphic rocks. Udults dominate the area,
which have clayey or loamy subsoil, a thermic temperature regime, a udic moisture regime,
and a kaolinitic or mixed mineralogy. Piedmont soils are typically acid and low in nitrogen
and phosphorus. Historical cotton farming has eroded the topsoil in many localities, leaving
clayey subsoil exposed. Streams with exposed granite bedrock were avoided to reduce the
variation in sediment/nutrient relationships and habit requirements for stream biota among
the watersheds (Helnet al, 2005).

Methods

The study was divided into 2 phases. Phase 1 (i.e., year 1) involved the sampling of relatively
large watersheds (1000 ha) that were selected based on currentland use. Streams for phase
1ranged in size from 1st to 3rd order (Strahler, 1952). Data were used to generate multiple
regression models between land use and selected water quality parameters. During the
second phase (i.e., year 2), additional watersheds will be added to further test and calibrate
the models presented in this paper.

Data collection for this study included water chemistry sampling, geomorphologic mea-
surements and bacteriological sampling. The water chemistry included both grab sampling
and storm sampling techniques. Channel morphology measurements were used to assess
stream width and depth changes across the land use gradient. Streams were also sampled
for bacterial contamination by fecal coliforms.

Water collection and analysis

Nutrient, biological, and physical water quality parameters were sampled biweekly in 16
watersheds during the winter and spring months (Nov.-Mar.) between 1 May 2002 and 6
January 2004. These seasons coincide with lower levels of vegetative evapotranspiration re-
sulting in greater hydrologic connectivity between aquatic and terrestrial systems (Lockaby
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et al, 1993). This sampling regime has been used with success in studying relationships
between water quality and land cover/use (Basayat, 2000). Monthly samples and storm
samples were collected throughout the remainder of the year.

Sampling locations were identibed and permanently marked near the outlet of each wa-
tershed. Polypropolene bottles that were rinsed with deionized water, and again with stream
water at the sites were used for sample collection. Also, pre-rinsed tissue culture Rasks
were used to sample for all cations and anions to ensure that low-level concentrations were
detected. Grab samples were collected following guidelines from the USGS interagency
peld manual for the collection of water quality data, and the samples were collected before
any other work was performed at the site to prevent the risk of stream disturbance (Lurry and
Kolbe, 2000). Samples were kept on ice and then refrigerate@airil analyzed. A report
from Coweeta Hyrologic Laboratory in Georgia showed that grab sample estimates were
within 1 to 5% of the values from proportional sampling techniques (those that integrate
basefRow and stormBow) (Swank and Crossley, 1988).

During each collection, stream discharge was recorded to allow for determination of
nutrient and sediment loads. Discharge was determined by measuring the velocity and
cross-sectional areas of sub-sections across the stream channel. Generally, at least 20 sub-
sections, at 0.1, 0.2, or 0.5 m intervals, were measured across the stream channel according
to USGS stream gauging guidelines (Rantz, 1982). A Marsh-McBirney Flo-Mate 2000 was
used to measure the velocity within each subsection (Marsh-McBirney, 1990).

Discharge data were correlated with stage measurements to develop rating curves for
each watershed. To record the stream stage, InSitu pressure transducers (InSitu, Laramie,
WY) were installed at each sampling location. Stage data also allowed examination of storm
hydrographs in order to clarify changes in stream response times to rainfall events.

In addition to the grab samples, all of the watersheds were instrumented with stacked-pole
samplers (depth integrated water samplers) (Van Lear, 1997). These samplers are composed
of a vertical series of bottles that are designed to capture the rising limb of a storm event.
One depth-integrated sampler was installed at the outlet of each watershed near the grab
sampling sites, and data were collected following storm events that resulted in stream stage
increases greater than 30 cm. All water samples collected were immediately cooled and
transported to Auburn University @0 miles) for analysis. Grab samples were analyzed for
nutrients, bacteria, and total suspended solids (TSS), while the depth-integrated samplers
were analyzed only for TSS due to the time of collection following storm events.

Grab samples were analyzed within two days of collection for both nutrients and sed-
iment. Anions and cations (N CI°, SG;°, Na*, NH;;, and K*) were analyzed using
aDX-120 lon Chromatograph (Dionex, Sunnyvale, CA). Total phosphorus was measured
using the molybdate-blue method (Murphy and Riley, 1962; Watanabe and Olsen, 1965).
Conductivity was determined using a Fisher Accumet conductivity meter (Fisher Scien-
tibc, Pittsburgh, PA.). TSS was determined using gravimetric Pltration methods outlined
by the USEPA (1999). Dissolved organic carbon (DOC) analysis was performed using a
Rosemont DC80 organic carbon analyzer. Fecal coliform (FC) colonies were isolated on
sterile, nitrocellulose membrane blters (0.47 um pore size, 47 mm diameter, Millipore Cor-
poration, Bedford, MA) following the procedure outlined by the standard methods for the
examination of water and wastewater (APHA, 1998).
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Channel morphology

Stream morphological changes were assessed in each of the sixteen watersheds to offer
insight for sediment origin analyses and to provide an assessment of channel stability across
the land use gradient. In each watershed, six permanent cross-sections were identibed. Three
of the cross-sections were established near the watershed outlets, while the others were
randomly located in the headwater tributaries. All cross-sections were located in a straight
reach to ensure that stable sections were sampled and to maintain consistent sampling
among watersheds. Width and depth measurements were taken quarterly at each sampling
point. To aid in the measurement, the permanent sampling locations were identiped by
using a 1 m section of rebar on each side of the stream. A string level was used to level
the rebar endpoints on each side of the channel. During the measuring process a string
and measuring tape were stretched between the endpoints and measurements were taken
at consistent intervals (1 m) across the stream so re-measurement of the exact point was
possible. These data will provide an assessment of annual channel aggradation and/or
degradation.

All watersheds were delineated using 30 m Digital Elevation Models in ArcGIS. Also,
high resolution (1-meter) aerial photographs were taken in March (leaf-off) of 2003 and used
to delineate impervious surfaces. Detailed methods for land use classibcation are outlined
by Lockabyet al. (2005).

Statistical analysis

Five dominant land use categories were determined from satellite images; these include:
unmanaged forests (dominated by mixed hardwood stands), managed forests (dominated
by pine plantations), pasture, developing, and urban. The developing land use was separated
from the other land uses by the evidence of subdivisions and construction areas. Although
we anticipated a continuum across the land uses, a gap was apparent between impervious
surface percentages of developing3(5%) and urbarX30%) watersheds (reference as an
example bgure 3). Nonparametric tests (Kruskal-Wallis tests) were used for data comparison
analyses. This distribution-free analysis was used to compare urban 3. jmpervious
surfaces) and non-urban (i&.5% impervious surfaces) land uses. MAXR regression and
Pearson correlations were used to examine relationships between land use variables and
abiotic and bacteriological parameters. All dependent variables used in the regression and
correlation analyses were lggtransformed to meet normality assumptions. The regression
models were created using the average annual concentratiopstigsformed) vs. land

use and hydrological predictor variables.

MAXR selects the one-variable model with the highéstfollowed by the best two-
variable model, etc, until the fullmodel (i.e., allindependent variables included) is estimated
(Cody and Smith, 1997). MAXR results and MallowOs Cp (the total square errors, which
indicates lack of bt) were assessed in the bPnal outputs. A Righd a low Cp indicate
the best predictive models (Yu, 2000). Examination of the output allows for the selection
of the best predictive model based on th@nd Cp changes between each step. Because
the models are tested in steps, the models can range in the number of predictor variables















