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ABSTRACT
Naturally vegetated areas converted to urban uses increases impervious
surfaces in a watershed with corresponding increases in nutrient, sediment, and metal
loadings to downstream ecosystems. Wetlands mitigate detrimental impacts by
transforming or retaining pollutants. Current and historic sedimentation and metal
retention rates were measured in an urban, depressional wetland in Baton Rouge,

Louisiana to evaluate landscape position and watershed development on these

137
analyses were

processes. Sedimentation disks, feldspar marker horizons, and Cs
used in three distinct landscape positions. Inflow channels had the highest elevation
and water velocity while the interior was located in the lowest elevations with the
longest hydroperiod. An intermediate elevation between the channel and interior
was designated as the transitional landscape position. Sedimentation disks yielded
significant differences (p = 0.009) in sedimentation rates between the channel (23.8
+5.43 g/m’/d) and transitional (37.1 +5.09 g/m’/d) landscapes. The interior (27.9 +
4.65 g/mz/d) position was not significantly different. Feldspar data yielded
comparable values for the transitional (29.6 £ 2.57 g/m*/d) and interior (27.2 + 3.64
g/mz/d) locations, which were not significantly different (p = 0.35). A historic
sedimentation rate of 0.49 cm/yr + 0.11 cm/yr, calculated from Cs' analysis, was
significantly lower than the current rate of 2.95 + 1.10 (p = 0.010). Lead, Cd, Cu,
7Zn, Ni, and P sediment concentrations were significantly greater (p < 0.05) in the
interior than the transition based on sedimentation disks. Sediment metal

concentrations were normalized with Al to compensate for increases in metal

concentration with increasing clay content. Significantly higher Al content in the

viii



interior resulted in either no differences between the interior and transitional
locations or significantly lower concentrations in the interior after Al-normalization.
Historic metal retention rates (background concentrations) were calculated for depths
below the 1963 Cs'*’ peak. Metal/Al ratios from soil cores yielded significantly
higher Cd, Cr, Cu, Zn, Ni, and P concentrations in sediments deposited since 1963.
These higher concentrations correspond with a seven percent increase in developed
area surrounding Bluebonnet Swamp from 1963 to 2000. This urban wetland
functions as an important sediment and pollutant sink, and protects downstream

aquatic ecosystems.



CHAPTER 1: INTRODUCTION
Background

Wetlands have been cleared and converted to agriculture since the arrival of
the Europeans to North America. They were previously thought of as worthless and
unimportant. Now regulated under the Clean Water Act of 1972 and administered
by the U.S. Army Corps of Engineers and the U.S. Environmental Protection
Agency, the Act regulates all draining and filling activities associated with “waters
of the U.S.,” of which wetlands are a subset (Coreil, 1994). The Act also regulates
the restoration and maintenance of the chemical, physical, and biological integrity of
the nation’s waters.

There are three main categories of wetland functions: hydrologic,
biogeochemical, and habitat and food web support. Hydrologic functioning of
wetlands includes short-term and long-term water storage, as well as the
maintenance of a high water table. This function acts to reduce downstream
flooding, maintain base flow, and support a hydrophytic vegetative community.
Biogeochemical functioning includes the retention of substances (nutrients or
sediment), elemental cycling of nutrients, and the accumulation of mineral and
organic matter. Downstream water quality benefits from the reduction in sediment
and chemical loads from upstream wetlands. Wetlands also provide a habitat and
food web for flora and fauna to flourish (Preston and Bedford, 1988; Coreil, 1994;
Brinson, 1995).

The rate of wetland loss, in general, reached its peak between the 1950s and

1970s (King and Allen, 1996). Losses occurred through draining and clearing,



stream channelization, freshwater flow restrictions such as levees and
impoundments, subsidence, wave erosion, saltwater intrusion, relative sea level rise,
tropical storms and hurricanes, and agricultural conversions (Wilber, et al., 1996).
Urbanization, the primary factor impacting the wetland in this study, includes road
and housing development causing sediment disturbances, the input of herbicides,
pesticides, and fertilizers, and urban stormwater runoff.
Land Use Conversions

Land use conversion from forest into an urban environment increases the
amount of impervious surfaces. As urban area increases, average annual sediment
load decreases since impervious surfaces are no longer a source of sediment (Gellis,
et al., 1999). However, during the conversion process, sediment disturbance results
in an increase in short-term episodic sediment influxes and a decrease in long-term
sediment accretion rates. As conversion of forested land to urban land increases, so
do the types and sources of pollutants. Urbanization generates non-point-source
pollution from fertilizers, pesticides, and urban stormwater runoff, septic tanks,
construction sites, and roadway development. Pollutants of this kind have negative
effects on water quality and retention functions for those wetlands within an urban
environment.
Characteristics of Bottomland Hardwood Forests

Bottomland hardwood (BLH) forested wetlands inhabit the floodplains of
southern and southeastern rivers of the United States including Louisiana.
Occupying the lower portion of the landscape, bottomland hardwood forests

typically function as sinks for the deposition of materials from surrounding upland



environments. Although the study site is no longer flooded by the Mississippi River,
parent material is primarily associated with previous overbank flooding resulting in
the accumulation of alluvium sediment. This alluvium is comprised of
montmorillonite, mica-illite, and vermiculite, as well as, feldspar, quartz, and
hydroxides of iron.

Vegetation typically found in depressional areas and bottomland hardwood
forests include: water tupelo (Nyssa aquatica), cypress (Taxodium distichum), black
willow (Salix nigra), and Drummond red maple (Acer rubrum var. drummondii).
Vegetative speciation development in bottomland hardwood forests is influenced by
frequency, duration, and timing of flooding, soil type, and depth to water table
(Bedinger, 1981). Timing and duration water inundation affect the anaerobic and
aerobic soil environments, thereby causing different zones of plant speciation. Only
those species adapted to wet soils can thrive in poorly drained, anaerobic conditions
that exist in the low depressional areas. Since bottomland hardwood forests need to
be regularly flooded in order to sustain native vegetation, any activity that changes
the hydrologic cycle will have a negative effect on vegetative composition. Such
activities, like forest clearing and road development occurring within the watershed,
can lead to changes in water quality and sediment retention functioning of that
wetland.

Water Quality and Sediment Retention

Temporary or permanent removal pathways, such as plant uptake, adsorption

and precipitation processes, and sediment retention, affect nutrient and contaminant

detention and transformations. Sediment retention is influenced by landscape



position, ground surface roughness, landscape gradient, vegetative cover, and water
velocity. For example, a decrease in vegetative cover and an increase in water
velocity result in decreased sediment retention. One water quality function
associated with a depressional forest is sediment, nutrient, and contaminant retention
(Scott, et al., 1990).

Retention of sediment and nutrients can be both beneficial and detrimental to
a wetland ecosystem. Increased turbidity caused by increased suspended solids
negatively affects phytoplankton production and biological oxygen demand issues
(Kleiss, 1996; Boto and Patrick, 1978). However, sedimentation of clay particles
high in adsorbed metals decreases metal concentrations downstream and metal
cycling throughout the food chain. Depending on pH and redox conditions affecting
metal speciation, possible permanent burial of pollutants attached to sediment
particles could occur (Boto and Patrick, 1978).
Measuring Sedimentation Rates

Various techniques have been used to measure current and historic
sedimentation rates. Current rates of sediment transport have been determined using
feldspar marker horizons and sedimentation disks (Kleiss, 1996; Heimann and Roell,
2000); whereas, historic sedimentation patterns have been measured using the
dendrogeomorphic approach and cesium analysis (DeLaune, et al., 1978; Hupp and
Bazemore, 1993; Phipps, et al., 1995; Lowrance, et al., 1988; Cahoon and Turner,
1989). Hupp and Bazemore (1993) identified two bottomland hardwood forested
wetland sites in west Tennessee to measure the effects of bridge and causeway

construction on sedimentation patterns using the dendrogeomorphic and the feldspar



marker horizon approach. Their study revealed sedimentation rates in close
agreement and comparable with other published rates (0.24 to 0.28 cm/yr). Heimann
and Roell (2000) studied sedimentation rates in a temporary sediment storage area
along a stream in Missouri and determined that the sediment deposition rate was 1
cm/yr. The sedimentation rates were identified using the dendrogeomorphic
approach, feldspar marker horizons, and sedimentation disks.

Like Kleiss (1996), the use of feldspar clay marker horizons revealed higher
sedimentation rates than those found using the dendrogeomorphic approach. Having
studied sedimentation rates in a freshwater wetland system in Arkansas over a three-
year period, Kleiss (1996) determined a 1 cm/yr sedimentation rate where Nyssa
aquatica and Taxodium distichum dominated.

Cesium (Cs13 7) analysis has been used in several different environments to
estimate sediment accretion, from a valley landscape position to a rapidly accreting
salt marsh (Lowrance, et al., 1988; DeLaune, et al., 1978). Because cesium is a
fallout product from nuclear testing, has a half-life of 30 years, and is not a naturally
occurring element, it is a reliable tracer for historic sedimentation and erosion
patterns (Wallbrink and Murray, 1993; Ritchie and McHenry, 1990; Lowrance, et al.,
1988). Peak Cs'* activity occurred in 1963 when the Test Ban Treaty was signed
ending atmospheric nuclear testing (Ritchie and McHenry, 1990). Cesium analysis
would not be an effective method for sediment deposition analysis in aread where
plowing has resulted in the mixing of the Ap horizon or in areas where dredging or

physical soil disturbances have occurred (Ritchie, et al., 1974).



Factors affecting accurate results Cs'" activity include the physical
reworking of sediments through bioturbation, diffusion, and interstitial movement
reducing cesium concentration, and biological uptake by plants. Minimum Cs"’
migration occurs through biological (plant uptake) and chemical processes, as
movement occurs primarily through erosion and deposition (Cooper, et al., 1987;
Ritchie and McHenry, 1990; McIntyre and Naney, 1991). If the rate of
sedimentation is low, the effects of reworking of sediments and redistribution of
cesium are greater (Cahoon and Turner, 1989). Very little movement of cesium
occurs through diffusion and interstitial movement in clay soils, as the cesium binds
readily with clay particles (Ritchie, et al., 1975; Cahoon and Turner, 1989). Cesium
measurements are also affected by uneven sedimentation patterns, like those often
found in urban environments where the sedimentation rate varies with surrounding
soil disturbances.

Metal Retention

Temporary or permanent removal pathways, such as plant uptake, adsorption
and precipitation processes, affect nutrient and metal retention and transformations.
Studies have shown that metals are more closely associated with the silt and clay soil
fractions. Metal retention is affected by retention time of water within a topographic
landscape position, as well as water velocity, texture of the incoming sediment, pH,
and redox conditions (Gambrell, et al., 1983; Puckett, et al., 1993). Depressional
wetlands can function as temporary or permanent removal of metals through soil
burial (Puckett, et al., 1993). Urban depressional wetlands often have more than one

source and have changing sources of metal inputs. An example of a changing metal



source in urban wetlands is lead. Having become a gasoline additive in 1923 to
boost the octane quality of fuel, lead particles (0.01 um) are emitted in the exhaust
gases during combustion and can be transported over long distances through the
wind. Lead content in the air and soil is dependent on traffic density, road width,
location of the source, and air movement (Hutchinson and Meema, 1987; Elsom,
1996).
Aluminum Normalization

Aluminum normalization has been successfully used to evaluate soil
contamination by compensating for the effects of increasing metal concentration
with increases in clay content (Pardue, et al., 1992; Summers, et al., 1996). Along
with iron, total organic carbon (TOC), and particle size, are other normalizers for
trace element concentrations. Extractable Al has a naturally high concentration in
the environment because it is a major component of soil structure, especially clays,
and it does not have a significant anthropogenic source (Daskalakis and O’Connor,
1995; Summers, et al., 1996). However, TOC can be easily influenced by human
activities; therefore, TOC can be a poor normalizer in urban environments.

Metal (ug/g)/%Al ratios are calculated by plotting metal concentration versus
%Al. A linear regression line and 95% confidence level intervals for the regression
line were then created. Data points (metal concentrations) plotted above the upper
confidence lever interval are suspected to be areas of contamination (Pardue, et al.,
1992: Summers, et al., 1996; Daskalakis and O’Connor, 1995). Since background
concentrations of metals vary with soils, metal (ug/g)/%Al ratios will vary. In

addition, metal concentration in soil can be influenced by anthropogenic activities.



Pardue, et al., (1992) developed background ratios for coastal Louisiana soils for Pb,
Cd, and Cr. These ratios are applicable background ratios to this study site, as the
site was previously flooded with the same sediment that has accumulated within
coastal regions of Louisiana. Using background metal (ug/g)/%Al ratios,
anthropogenic metal inputs can be identified.
Research Objectives

Objectives of this study include quantifying sedimentation and metal
retention rates within a depressional, urban wetland and determining if metal
retention within the swamp is being affected by anthropogenic activities within the

watershed.



CHAPTER 2: SEDIMENT RETENTION IN AN URBAN SWAMP
Introduction

Wetlands benefit downstream ecosystems by functioning as a water storage
basin and sink for sediment and nutrient retention. Sediment retention is influenced
by landscape position, as well as ground surface roughness, landscape gradient,
vegetative cover, water velocity, and the size and shape of the storage basin area.
Decreased sediment retention can occur from a decrease in herbaceous vegetative
cover and increase in water velocity and soil disturbances upstream (Scott, et al.,
1990). Prior to retention, sediment erosion is dependent on soil disturbances.
Anthropogenic activities causing soil disturbances include road, residential housing,
or commercial development. Once exposed, disturbed soil has been covered by
impervious surfaces, like roads, the sediment source decreases. The retention
function of an urban swamp, like Bluebonnet Swamp, benefits downstream water
bodies by decreasing total suspended solids, metal concentrations, and excess
nutrients prior to (Boto and Patrick, 1978; Johnston, et al., 1984; Preston and
Bedford, 1988; Coreil, 1994; Brinson, 1995; Craft and Casey, 2000).

Sediment retention reduces biological oxygen demand, total phosphorus,
conductivity, ammonia, nitrate, coliform bacteria, and turbidity in downstream water
bodies (Boto and Patrick, 1978; Kleiss, 1996). A high concentration of total
suspended solids in the water column affects turbidity, light attenuation,
phytoplankton production, and biological oxygen demand (Boto and Patrick, 1978).

Hence sediment retention, in a wetland basin like Bluebonnet Swamp, can improve



downstream water quality by removing suspended solids and contaminants from the
inflowing water.

In addition to sediment retention, wetlands detain and transform nutrient and
contaminant influxes (Scott, et al., 1990). Metal concentrations downstream and
metal cycling throughout the food chain decrease by retention processes like cation
exchange capacity and sediment burial. Depending on pH and redox conditions
affecting solubility, possible permanent burial of pollutants attached to sediment
particles could occur (Boto and Patrick, 1978). Removal of a pollutant is also
dependent on the type of sediment and the sediment volume entering the wetland.
Clay particles have a greater surface area and a greater cation exchange capacity;
thereby, retaining more contaminants. Soils high in clay can be found in areas of
high organic matter and in oxidized environments where more iron oxides are
present.

Sediment accumulation rates vary based on surrounding land use
characteristics, soil properties, vegetation cover, water flow velocities, suspended
sediment load, and topography characteristics (Hupp, et al., 1993; Phipps, et al.,
1995). Sedimentation rates are also dependent on debris within the stream channels
blocking the flow while redistributing water and sediment influx to a new location.
In this experiment, retention variabilities could have resulted from the
aforementioned issues, as well, as from sediment redistribution between sampling
events. Due to these known issues, this experiment used replicated plots to minimize

possible sediment rate variations.



Research Objectives

The objectives of this study were to quantify sedimentation rates within an
urban wetland and to determine is sedimentation rates are being affected by
urbanization within the watershed.

Materials And Methods

Study Area

Bluebonnet Swamp was chosen because of its position in a rapidly
developing urban watershed in Baton Rouge, Louisiana (Figure 2.1). While the
watershed includes approximately 50,586 ha (125,000 ac) of land, Bluebonnet
Swamp covers only 42 ha (105 ac). The Y-shaped swamp is approximately 1.609
km long and 183 m (600 ft) wide (Dr. Mitchell, personal communication). There is a
6-meter drop in elevation from the escarpment to the cypress-water tupelo
(Taxodium distichum-Nyssa aquatica) swamp. Bluebonnet Swamp is now
surrounded by residential and commercial development. At the southern end of the
swamp, a road restricts water outflow.

Sediment and Metal Sampling

Six distinct inflow points with erosional channels were identified within
Bluebonnet Swamp (Figure 2.1). These erosional channels carry upland runoff into
Jow-slope transitional areas (dominated by boxelder (Acer negundo), sweetgum
(Liquidambar styraciflua), and American elm (Ulmus ameicanus)), and interior
depressional landscape areas (dominated by cypress (Taxodium distichum), water
tupelo (Nyssa aquatica), sugarberry (Celtis laevigata), and smartweed (Polygonum

spp.)). Stratified into channel, transitional, and interior landscape positions, the sites
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for each stratum were randomly selected. Replicated sedimentation disks were used
to measure current sedimentation rates within each stratum.

The channel landscape positions were located in erosional drainage channels
entering Bluebonnet Swamp. The channels contained sandy soils and had little to no
vegetation within them. Three replicated disks were established within each channel.
Transitional landscapes, having contained soil with a silt loam texture, had a slope
less than that of the erosional channels and greater than that of the interior areas.
Little topographical relief, and Fausse (silty clay loam) soils characterized the
interior/depressional landscapes (Dr. Faulkner, 1998). Three replicated plots of six
disks were installed within the transitional and interior landscape areas.

The soils found along the terraces of three sides of the swamp are Terrace
Escarpment soils (USDA Soil Survey Staff, 1968). These terraces are highly
erodible and are often dissected by ravines and drainageways. The southwest side of
the swamp has Waverly-Falaya silt loams, overflow which are poorly drained and
frequently flooded. The outer perimeter of the swamp is comprised of primarily two
types of soils, which are Calhoun silt loam and Oliver silt loam, 0-1 percent slopes.
These two soils have slow runoff and slow permeability characteristics.

Louisiana receives more than 10.2 cm of rain per month with an annual
average of 139 cm (USDA Soil Survey Staff, 1968). Daily rainfall values were
collected from a Louisiana Office of State Climatology location a few miles south of
Bluebonnet Swamp. Because the wetland is located in a topographic depression, the
water becomes centralized in the interior portion of the swamp, which then drains

into Bayou Fountain located south of the swamp.
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Figure 2.1. Point source inflow locations into Bluebonnet Swamp, Baton Rouge,
Louisiana, USA. Map source is BREC Planning and Engineering

Department.
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Each disk consisted of a 12.7 cm diameter plexiglass disk with a hole drilled
in the center (Kleiss, 1996; Heimann and Roell, 2000). Non-galvanized, 15.3 cm
long nails were used to anchor the disk. Preparation of the sites for sedimentation
disks began by scraping the soil surface to a depth equal to the thickness of the
plexiglass disk (0.318 cm). Each disk was placed, on average, 20 cm apart. Three
disks where placed in one row and three in another row just downstream. Depending
on space within each designated plot, the two rows were either placed offset from
one another or directly behind one another. The distance between the two rows
(measuring from the perimeter of the two disks) was on average 15 cm.

Feldspar Marker Horizon Establishment

Feldspar marker horizons were also used to characterize current
sedimentation patterns. The advantage of feldspar is that it is an inexpensive,
simple, fast way to measure short-term accretion rates (<1 yr) (Cahoon and Turner,
1989). Six separate 30.5 cm by 30.5 cm square feldspar marker positions were
located at each site. Each feldspar position was dug with a shovel to a depth of 5 cm.
The feldspar clay was used to fill the hole and was smoothed flush with the soil
surface. All feldspar pots were installed on August 24, 2000 and later sampled on
May 21, 2001.

Sample Collection

To identify short-term sedimentation rates, every thirty days or after a rain
event, each sediment disk was gently lifted and trimmed with scissors to remove any
leaf matter extending over the edge of the disk. A putty knife was used to remove

recently accumulated sediment from the disk into a polyethylene bag. Any
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remaining sediment was rinsed with deionized water into a polyethylene bag and the
disk was then replaced in its original position.

Soil collection also occurred through the use of feldspar marker horizons.
Retrieval of the sediment samples from the feldspar marker positions began by
removing twigs and leaves from the soil surface. Six separate 30.5 cm by 30.5 cm
square feldspar marker positions were located at each site. Each feldspar position
was dug with a shovel to a depth of Scm. The feldspar clay was used to fill the hole
and was smoothed flush with the soil surface. A hollow, clear plexiglass tube (10.2
wide and 10 cm long) was twisted into the ground. Where the ground was dry and
hard, a piece of plywood and rubber mallet was used to gently hammer the tube into
the ground until one half-inch remained above the ground surface. Each tube was
dug out of the ground with a spade and placed in a polyethylene bag. All feldspar
pots were installed on August 24, 2000 and later sampled on May 21, 2001.

The depth of the sediment overlying the feldspar marker horizon was
measured at four points around the edge of the core. The soil sample above the
feldspar was dried, weight, and bulk density was determined. Using direct
measurements from the feldspar marker cores, sediment accumulation per year for a
given area could then be determined with the following equation (Lowrance, et al.,
1988; Downer, et al., 1995):

S.A. = pp < %MM « V.A. - 10,000 cm’/m’ (Equation 1)
where

S.A. = Sediment accumulation (g/mz/yr)

pp = Soil bulk density, (g/cm3)
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%MM = Percent soil mineral matter

V.A. = Vertical accretion, (cm/yr)
Percent soil mineral matter was determined from the carbon content of the sediment
overlying the feldspar marker using a Perkin and Elmer 2400 CHN elemental
analyzer.

Sample Analysis

To determine a mass value of sediment for each site, the soil was removed
from the bags and screened through a 2-mm sieve. Each bag was rinsed several
times with deionized water until all visible sediment was retrieved. All material,
such as leaves and twigs, greater than 2-mm was discarded. The sieved soil was
placed into beakers and dried at 110°C for 24 hours, weighed, and ground using a
mortar and pestle to a fine powder.

To determine a mass value of sediment over the feldspar marker horizon, soil
was removed by gently scraping the soil surface with a putty knife until reaching the
surface of the feldspar material. Samples were then placed in beakers, dried in an
oven at 100°C for 24 hours, and immediately weighed. The soil matter was then
ground using a mortar and pestle to a fine powder and stored in 250-ml plastic
bottles until analyzed. For determination of carbon and nitrogen for sediment
samples of the sedimentation disk and feldspar marker horizons, ten milligrams was
weighed for each composite sample and was tested using a Perkin and Elmer 2400
CHN elemental analyzer.

Cesium analysis was accomplished by retrieving two cores, one from the

interior and one from the transitional landscape positions, using thin-walled
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aluminum tubes (DeLaune, et al., 1978; Cahoon and Turner, 1989). The tube was
twisted into the ground, pulled out, and then capped at both ends. The maximum
depth at which the transitional and interior cores were taken was 46 and 24 cm,
respectively. Two-centimeter sections were cut for the entire length of the core and
dried at 110°C for 24 hours. Each section was ground using a mortar and pestle and
was passed through a 2-mm mesh sieve. The sieved sample was analyzed for cesium
concentrations using a Lithium-based Germanium gamma spectrometry system. To
calculate vertical accretion per year, the depth at which the maximum activity of
Cs'7 occurs is divided into the number of years between the sampling time and
1963. The maximum activity of Cs'*" has been established to be the year 1963.

Statistical Analvsis

The sedimentation data from the sedimentation disks and feldspar marker
horizons were tested for normality and homogeneity using the Shapiro-Wilk and
Levene’s tests, respectively prior to statistical analyses. Having revealed similar p
values of 0.0001 during the non-parametric test, Kruskal-Wallis, the analysis of
variance (ANOVA) parametric test was used to perform statistical analyses for the
sedimentation disk and feldspar marker horizon data. Since the sedimentation disk
data were more normal and homogeneous using a natural log transformation, the
transformed data was used in the ANOVA test to identify whether statistically
significant differences occurred between the landscapes. Tukey’s post-hoc test for
pair-wise comparisons was used to identify differences in the three landscape

positions: channel, transitional, and interior. An alpha level of 0.05 was used as the
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level of significance for all analysis performed. All statistical analyses were
performed using SAS (SAS, 1985).
Results

Core Data: Cs'Y Analyses

The first appearance of Cs'” occurred in 1954 when hydrogen bomb testing
began, with the greatest peak occurring in 1963. Soil cores in this study did not
reach a depth at which the Cs"” was no longer detected; therefore, the greatest Cs'
activity, 1963, was used as the primary sediment marker within the profile to depict
average sedimentation rates over approximately the past 37 years. The 1963 Cs"’
peak occurred at 15 cm deep for Core #1 (1.142 pCi/g) establishing a historic rate of
0.41 cm/yr (Figure 2.2) and 21 cm deep for Core #2 (0.499pCi/g) establishing a rate
of 0.57 cm/yr. It is assumed that the accretion rate for the 37 years after 1963 was
constant throughout the two cores.

Core Data: Bulk Density, and Carbon and Nitrogen Content

Bulk density for the sediment within both cores increased gradually as the
depth increased (Figure 2.4). The average bulk density for the top 24 cm of the cores
was 1.18 g/(:m3 +0.071 and 0.624 g/cm3 + 0.044 for the transitional and interior
landscapes, respectively. Carbon content was not taken for the core sections;
however, based primarily on bulk density, the interior landscape (Core #1) depicted a
more organic soil, whereas the transitional areas (Core #2) depicted a more mineral
soil. Average percent mineral matter for Core #1 and Core #2 was 92.5 + 0.64% and
93.9 + 0.61%, respectively. Core #2 (transitional landscape position) contained less

organic matter, which could have resulted from a greater decomposition rate of OM.
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Figure 2.2. Cs'? activity of a soil core extracted from an interior landscape position
(Core #1) and a transitional landscape position (Core #2) within Bluebonnet

Swamp, Louisiana.
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Figure 2.3. Cs"?7/(%Al) ratios for a soil core extracted from an interior landscape
position (Core #1) and a transitional landscape position (Core #2) within
Bluebonnet Swamp, Louisiana.
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Figure 2.4. Bulk density of a soil core extracted from an interior landscape position
(Core #1) and a transitional landscape position (Core #2) within Bluebonnet
Swamp, Louisiana.

Feldspar Marker Horizons: Short-Term Sedimentation Results

Feldspar marker horizons were used to determine sedimentation rates
occurring over a six-month time interval within the transitional and interior
landscape positions. Sediment accumulation overlying the feldspar marker horizon
within the transitional and interior landscape positions were 27.20 £ 3.64 g/mz/d and
29.61 +£2.57 g/mz/d (Figure 2.5). The natural log transformed sediment disk data
and the raw data for dry weight were tested for homogeneity and normality prior to
using a statistical test. Since the homogeneity improved with a natural log
transformation, the Tukey’s poc hoc test was used. A p value of 0.6303 was
calculated revealing there is no significant difference between the interior and

transitional landscape positions.
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Figure 2.5. Sediment accumulation overlying feldspar plots for the transitional and
interior landscape positions. Error bars indicate + SE (n=52).
*Treatments with different letters are significantly different at a = 0.05.
Average total depth accumulation in the vertical direction overlying the
feldspar marker horizon was 0.0061 + 0.063 cm/day in the transitional landscape
position compared to 0.0084 + 0.036 cm/day of the interior position (Figure 2.6).
Average depth accumulation for the year would be 2.23 and 3.07 cm/yr, respectively.
Bulk density for the transitional landscape position was 0.5709 + 0.150 g/cm3 and

0.3359 £ 0.030 g/cm3 for the interior landscape position.

Sedimentation Rate Equation

The sedimentation rate equation (Equation 1) (Lowrance, et al., 1988,
Downer, et al., 1995) incorporates physical attributes of sediment vertically accreting
above the feldspar marker horizon to estimate sedimentation rates. The

sedimentation rate equation converts a direct measurement of height of sediment



accumulation to g/mz/d, a value of which is comparable to the other methods in this
study. The physical attributes, determined from laboratory analysis, include bulk
density and percent mineral matter. By utilizing bulk density, percent mineral
matter, and vertical accretion from the feldspar marker horizons, the sedimentation
rates for the transitional and interior landscapes were 25.7 + 3.57 g/mz/d and 27.7 £
2.57 g/mz/d, respectively. Because feldspar plots were not established in the channel

landscape position, sedimentation rates using Equation 1 could not be calculated.
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Figure 2.6. Average vertical accretion overlying feldspar marker horizons in cm/yr
for the two landscape positions. Error bars indicate £ SE (n=52).

Percent C content for sediments accumulating above the feldspar marker was
5.98 + 0.47 % for the transitional landscape and 7.51 + 0.88 % for the interior
landscape (Figure 2.7). Percent N content for sediment above the feldspar was 0.47 £

0.03 % within the transitional and 0.57 £ 0.05 % within the interior landscape
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positions. Sediment samples overlying sedimentation disks had percent C content of
2.47+0.23 %,2.8+0.13 %, 5.19 £0.02 % for the channel, transitional, and interior
landscape positions respectively. Percent N content for the sedimentation data was

0.24 +0.02 %, 0.26 £ 0.01 %, and 0.52 £ 0.02 % (Figure 2.8).

10

Percent

Carbon Nitrogen
Transitional W Interior

Figure 2.7. Average percent C and N content of sediments accumulated on feldspar
markers. Error bars indicate + SE (n=52).

Sedimentation Rates and Rainfall Interactions

During the 317 days of sampling, 87.8 cm of rainfall occurred. The greatest
amount occurred between the October and December collections and between the
February and April collections, 28.6 and 26.3 cm, respectively. A linear regression
analysis was performed for the average sediment accumulated per collection versus
the amount of rainfall collected during each collection for the three landscape
positions: channel, transitional, and interior. There were no significant correlations

between the amount of rainfall per collection event and the amount of sediment per

[
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collection event for any of the three landscape positions. The correlations (R?) for

the channel, transitional, and interior landscape were 0.014, 0.038, and 0.267,

respectively.
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Figure 2.8. Average C and N content of sediments accumulated on sedimentation
disks for channel, transitional, and interior landscape positions. Error bars
indicate = SE (n=57, 175, and 81).

*Treatments with different letters are significantly different at a = 0.05.

Sedimentation Disks: Sedimentation Rates

Sediment accretion measurements for the disk method, marker horizon
method, and sedimentation rate equation were normalized to per day rates for
comparison purposes. Direct measurements of sediment mass accumulation
averaged over the 317 days for the sedimentation disk methods within the channel,
transitional, and interior landscape positions revealed rates of 23.75 5.43 g/mz/d,
37.11 +5.09 g/m*/d, and 27.94 + 4.65 g/m’/d, respectively (Table 2.1). Tukey’s

post-hoc test revealed that the interior landscape position was statistically similar to
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the channel and to the transitional. However, the channel and transitional landscape
positions were statistically different from each other. A Satterthwaite’s t-test was
performed to compare current rates of accumulation using the feldspar marker
horizon data (cm/yr) with historic rates using core data (cm/yr). A p value of 0.0001
identified there was a significant statistical difference in current versus historic
sedimentation rates within Bluebonnet Swamp, Louisiana.

Table 2.1. Average sedimentation rates of channel, transitional, and interior
landscape positions in Bluebonnet Swamp, Louisiana.

Landscape Position

Sedimentation Rate Methods Channel Transitional Interior
Sediment Disk Method (g/mz/d) 23.75+£543 37.11% 5.09 27.94 £ 4.65
; (a)' ®) (ab)
Feldspar Marker Horizon (g/m™/d) ¥ 2720+ 3.64 29.61 £2.57
Sedimentation Rate Equation (g/mz/d) - 2573 +3.57 27.71+2.57
Cores (cm/yr) K 0.57 0.41
Feldspar Marker Horizon (cm/yr) - 2.23+0.063 3.07 £0.036

TTreatments with different letters are significantly different at a = 0.05.

*Feldspar marker horizons were not established within the channel landscapes due to
water velocity and channel slope.

#%S0i] core samples were not taken from the channel landscape position.

Discussion

Core Data: Cs'” Analyses

Peak Cs'* activity in the Bluebonnet Swamp allowed this study to infer the
approximate depth at which the year 1963 occurred (Cahoon and Turner, 1989). The
Cs"" analysis identifies an average overall sedimentation rate for the past 37 years
and cannot identify rate variations due to short-term episodic urbanizing activities.
Factors that could have affected sedimentation rates within the landscape positions
include various upslope soil disturbances associated with commercial and residential

development. The two core extracted provide historic sedimentation rates thus
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allowing comparisons to current rates. A statistically significant difference between
current and historic sedimentation rates was identified within Bluebonnet Swamp.

This study revealed historic sediment accumulation rates of 0.41 to 0.57
cm/yr for an urban forested wetland for 1963 to 2000 which supports the findings of
other forested wetland accretion rates (Boto and Patrick, 1978; Kleiss, 1996;
Heimann and Roell, 2000). Mclntyre and Naney, (1991) determined an accretion
rate of 2.6 cm/yr where the bulk density was 1.3 g/(:m3 (primarily silt sediment) and
1.3 em/yr where the bulk density was 0.65 g/cm3 (primarily clay sediment). Bulk
density of the two cores for the transitional landscape was 0.5709 = 0.150 g/cm3 and
0.3359 +0.030 g/cm3 for the interior landscape. Bulk density measurements taken
from the soil cores showed an increase with depth (Craft and Casey, 2000; Craft and
Richardson, 1998), which may appear as lower sedimentation rates due to
compaction (Hupp and Bazemore, 1993; Kleiss, 1996; Heimann and Roell, 2000).
My data did not support those findings. Greater sedimentation rates and greater bulk
density occurred within the transitional landscape where there was less inundation
and greater time in which the soil could compact.

Feldspar Marker Horizons

It is possible that the soil samples collected from the feldspar marker horizon
contained more leaf material than the sedimentation disk samples because they were
sampled only once (six months after installation) and not approximately every month
like the sedimentation disks. Also, within that six-month interval, a greater
percentage of leaf material would have decomposed and been able to passed through

the 2-mm sieve prior to analysis. This might explain why there was a greater %C in
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the feldspar marker horizon sediment than in the sedimentation disk sediment. In
addition to Stoke’s Law, which states smaller diameter particles take longer to settle
out of the water column, organic matter binds more readily to clay particles than
sand particles (Boto and Patrick, 1978; Johnston, 1991). Since there was a greater
C:N ratio and lower bulk density in the interior landscape, my data supports the
conclusion that more organic matter accumulates in that particular portion of the
swamp (Puckett, et al., 1993; Poach and Faulkner, 1998). Puckett, et al. (1993)
observed higher C:N ratios in dry, infrequently flooded areas where leaf litter
accumulated in great quantities, which resembles characteristics of the interior
landscape position.

Based on direct depth accumulation of sediment overlying the feldspar
marker horizons, analyses determined sedimentation rates between August 2000 and
May 2001 of 2.23 +0.063 to 3.07 £ 0.036 cm/yr. Using feldspar marker horizons,
Heimann and Roell (2000) determined an annual sedimentation rate within an
agricultural basin to be about 1 cm/yr. Johnston (1991) found that average rates
were 0.69 cm/yr for mineral soil wetlands. Hupp and Bazemore (1993) observed a
yearly rate of 0.24 to 0.26 (cm/yr) for sediment accumulating in a forested wetland.
Craft and Casey (2000) observed a much lower accretion rate (0.08 cm/yr) for a
forested depressional wetland; however, their study site has not been influenced by
anthropogenic activities since the early 1930s and there was a buffer zone located
between the upslope and interior portions of the wetland. The study site of this

experiment contained higher sedimentation rates than other forested wetlands;



however, it is located in an area where 5% of the watershed became urbanized to
54% between the years of 1962 and 2001 (Dr. Mitchell, personal communication).

Sedimentation Rates and Rainfall Interactions

No significant correlations were observed for any of the landscape positions
with the amount of rainfall per collection event; therefore, the data and linear
correlation is not sufficient in being able to predict the sedimentation rate given a
rainfall amount. Rainfall intensity and duration measurements taken at the study
location, soil erosivity, and channel slope would have allowed for a more thorough
investigation of the relationship of sedimentation rates due to rainfall amounts
(Puckett, et al., 1993).

Channel Landscape Position

The sedimentation rate in the channel landscape position was determined by
the sedimentation disk method. Due to high water velocity and a narrow channel
width, feldspar horizon marker use was precluded. This landscape was an area
where little sedimentation accumulation was expected. Hupp and Bazemore (1993)
observed lower rates of sedimentation occurring on higher topographically-
positioned sites where the stream power was the greatest and hydroperiod was the
least. Boto and Patrick (1978) observed that a decrease in stream velocity promoted
suspended sediments to fallout. Puckett, et al. (1993) also observed increases in
sediment, particularly silt-clay sediment, with increasing distances downstream
resulting from a decrease in stream velocity. Heimann and Roell (2000), on the
other hand, determined channelization might have increased sedimentation

deposition along the basin of their study site. The characteristics of sediment influx
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and stream qualities in this study site reflect those findings of Hupp and Bazemore
(1993), Boto and Patrick (1978), and Puckett, et al. (1993).

Transitional Landscape Position

There was close agreement in sedimentation rate methods ranging from 25.73
+3.57 to 37.11 + 5.09 g/m*/d for the transitional landscape position for the various
methods with the sedimentation disk method yielding the greatest rate of
accumulation. The transitional landscapes represented areas of decreased flow
velocity compared with channel landscapes, which could have resulted in an increase
of sedimentation (Hupp and Bazemore, 1993). As the higher water velocity carried
the particles from the channel landscape into the interior landscape position, the
heaviest particles were able to fall out of the water column prior to reaching the
interior of the swamp. Heavier sediment particles will cause a greater bulk density,
and particles, like sands and silts, contain less clay content and less organic material.
The bulk density and percent carbon data gathered in this study could explain why
the greatest sedimentation rate occurred within the transitional landscape position.

Interior Landscape Position

The accumulation rates ranged from 27.71 £ 2.57 to 27.94 £ 4.65 g/mz/d.
Hupp and Bazemore (1993) found higher depositional rates were Jocated in areas
where ponding occurred where the area is flooded more frequently and for longer
periods of time. Phipps, et al. (1995) also found that frequent inundation caused
greater sedimentation rates due to an increase in exposure time to a sediment source.
Kleiss (1996) concluded that suspended sediment was retained in the area where the

water had the longest retention time. Although retention time was not directly
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measured in this study, ponding frequency was observed throughout the study.
Visual observations identified the interior landscape inundated with water more
frequently than the other two landscapes; however, greater retention time of
sediments within the water column of that landscape area did not lead to greater
sedimentation rates (Hupp and Bazemore, 1993).

Visual observations of the water flow throughout the landscape positions
identified the greatest flow rate in the channel landscape and least in the interior
landscape. Since the slope and water flow rate decreased within the transitional
landscape toward the interior of the swamp, heavier sediment particles within the
water column were able to settle out prior to reaching the interior landscape.
Conclusions

Sedimentation rates for Bluebonnet Swamp measured by Cs'* analysis,
feldspar marker horizons, and sedimentation disks were comparable to those reported
for depressional, freshwater, inland swamps (Johnston, 1991; Hupp and Bazemore,
1993; Kleiss, 1996; Heimann and Roell, 2000). Sedimentation rates measured from
sediment accreting vertically over feldspar marker horizons shows current
sedimentation rates are significantly higher than historic rates measured with soil
cores. Within Bluebonnet Swamp, my study shows similar sedimentation rates by
using the sedimentation disks and the sedimentation rate equation (Downer, et al.,
1995: Lowrance, et al., 1988), utilizing data gathered from the feldspar marker
horizons. Therefore, the use of sedimentation disks and feldspar marker horizons are
effective tools in establishing sedimentation rates within Bluebonnet Swamp. The

average sedimentation rate for all three landscape positions for the sedimentation
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disk method, feldspar marker horizon, and sedimentation rate equation methods for
July 2000 through May 2001 was 28 g/mz/d. By approximating the storage capacity
of Bluebonnet Swamp is half the total acreage (20 hectares), the total retention
capacity of the swamp for sediments and pollutants is around two billion g/mz/d.
With sediment accumulation occurring within Bluebonnet Swamp, downstream
receiving water bodies, such as Bayou Manchac, are receiving less sediment and
pollutants over time. The pollutant retention function of Bluebonnet Swamp
effectively maintains and improves downstream water quality for flora and fauna

habitats, as well as, agricultural, industrial, and drinking water purposes.



CHAPTER 3: METAL RETENTION IN AN URBAN SWAMP
Introduction

Wetlands benefit ecosystems by functioning as water storage basins, sinks for
sediment and nutrients, and habitat for flora and fauna. More specifically,
depressional wetlands function hydrogeomorphically by decreasing total suspended
solids, metal concentrations, and excess nutrients from entering downstream water
bodies (Boto and Patrick, 1978; Johnston, et al., 1984; Preston and Bedford, 1988;
Coreil, 1994; Brinson, 1995; Craft and Casey, 2000).

Hupp and Bazemore (1993) found higher sediment retention rates in areas of
ponding due frequent flooding and longer water retention time. Phipps, et al. (1995)
also found that frequent inundation caused greater sedimentation rates due to an
increase in exposure time to a sediment source. Kleiss (1996) concluded that
suspended sediment was retained in areas where water had the longest retention time.
Settling velocity of smaller diameter particles, like clays, take longer to settle out of
the water column (Miller and Donahue, 1995: 97). Areas of high organic matter can
occur in oxidized, high clay content soils, like soils in a depressional wetland where
inundation causes a decrease in organic matter decomposition.

Sediment influx and retention within a wetland can be a source of nutrients
and contaminants. Urbanization in a surrounding watershed increases erosion and
sediment transport. Landscape position and gradient, ground surface roughness,
vegetative cover, water velocity, and size and shape of a storage basin area influence

sediment influx and retention (Hupp, et al., 1993; Phipps, et al., 1995).



Clay sediment particles have a greater surface area and a greater cation
exchange capacity than sand and silt; thereby, retaining more contaminants. Metal
retention is affected by silt and clay soil content (Puckett, et al., 1993), pH, and
redox conditions (Boto and Patrick, 1978). Soil sorption processes allow metals to
be temporarily or permanently removed through soil burial causing certain areas to
become sinks if the net output of metals is less than the net input (Puckett, et al.,
1993). Temporary or permanent removal pathways include plant uptake, adsorption,
and precipitation processes. Metal storage is also dependent on the type and volume
of sediment entering the wetland, metal speciation, and influx method (Gambrell, et
al., 1983). Before being eliminated in the 1970s, lead was a gasoline additive to
boost the octane quality of fuel. Influenced by traffic density, road width, location of
the source, and ventilation, lead content in urban wetland soils can occur through
atmospheric fallout or through sorption onto soil particles retained in the wetland
(Hutchinson and Meema, 1987).

Research Objectives

The objectives of this study were to quantify metal retention rates within an
urban wetland and to determine if metal retention within the wetland is being
affected by urbanization within the watershed.

Materials and Methods

Study Area

Bluebonnet Swamp was chosen because of its location in a rapidly
developing urban watershed in Baton Rouge, Louisiana (Figure 3.1). While the

watershed is approximately 50,586 ha (125,000 ac), Bluebonnet Swamp covers only
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42 ha (105 ac). The Y-shaped swamp is approximately 1.61 km long and 183 m
wide (James Mitchell, personal communication). A 6-meter drop in elevation exists
from the escarpment to the cypress-water tupelo (Taxodium distichum-Nyssa
aquatica) swamp.

Sediment and Metal Sampling

Six distinct inflow points with erosional channels were identified within
Bluebonnet Swamp (Figure 3.1). These erosional channels carry upland runoff into
low-slope transitional areas dominated by boxelder (Acer negundo), sweetgum
(Liquidambar styraciflua), and American elm (Ulmus ameicanus), and to interior/
depressional areas dominated by cypress (Taxodium distichum), water tupelo (Nyssa
aquatica), and sugarberry (Celtis laevigata). Stratified into channel, transitional, and
interior landscape positions, the sites for each stratum were randomly selected.
Replicated sedimentation disks and feldspar marker horizons were used to measure
current sedimentation rates within each stratum.

The channel landscape positions were located in erosional drainage channels
entering Bluebonnet Swamp. The channels contained sandy soils and had little to no
vegetation within them. Three replicated disks were established within each channel.
Transitional landscapes, having contained silt loam textured soil, had slopes less than
that of the erosional channels and greater than that of the interior areas. Little
topographical relief, and Fausse (silty clay loam) soils characterized the
interior/depressional landscapes (USDA Soil Survey Staff, 1968). Three replicated

plots of six disks were installed within the transitional and interior landscape areas.
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The soils found along the terraces of three sides of the swamp are Terrace
Escarpment soils (USDA Soil Survey Staff, 1968). These terraces are highly
erodible and are often dissected by ravines and drainageways. The southwest side of
the swamp has Waverly-Falaya silt loams, overflow which are poorly drained and
frequently flooded. The outer perimeter of the swamp is comprised of primarily two
types of soils, which are Calhoun silt loam and Oliver silt loam, 0-1 percent slopes.
These two soils have slow runoff and slow permeability characteristics.

Louisiana receives more than four inches of rain each month, except for
September and October, and has an average annual rainfall of 139 cm (USDA Soil
Survey Staff, 1968). Daily rainfall values were collected from a Louisiana Office of
State Climatology location a few miles south of Bluebonnet Swamp. Because the
wetland is located in a topographic depression, the water becomes centralized in the
interior portion of the swamp, which then drains into Bayou Fountain located south
of the swamp.

Each disk consisted of a 12.7 cm diameter plexiglass disk with a hole drilled
in the center (Kleiss, 1996; Heimann and Roell, 2000). Non-galvanized, 15.3 cm
long nails were used to anchor the disk. Preparation of the sites for sedimentation
disks began by scraping the soil surface to a depth equal to the thickness of the
plexiglass disk (0.318 cm). Each disk was placed, on average, 20 c¢m apart. Three
disks where placed in one row and three in another row just downstream. Depending
on space within each designated plot, the two rows were either placed offset from
one another or directly behind one another. The distance between the two rows

(measuring from the perimeter of the two disks) was on average 15 cm.
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Sample Collection

For metal analysis of sediment accumulating in Bluebonnet Swamp,
plexiglass disks were used to retain sediment. Every thirty days, or after a rain
event, each sediment disk was gently lifted and trimmed with scissors to remove any
leaf matter extending over the edge of the disk. A putty knife was used to remove
recently accumulated sediment from the disk into a polyethylene bag. Any
remaining sediment was rinsed with deionized water into a polyethylene bag and the
disk was then replaced in its original position.

Soil collection also occurred through the use of feldspar marker horizons.
Retrieval of the sediment samples from the feldspar marker positions began by
removing twigs and leaves from the soil surface. Six separate 30.5 cm by 30.5 cm
square feldspar marker positions were located at each site. Each feldspar position
was dug with a shovel to a depth of 5 cm. The feldspar clay was used to fill the hole
and was smoothed flush with the soil surface. A hollow, clear plexiglass tube (10.2
wide and 10 cm long) was twisted into the ground. Where the ground was dry and
hard, a piece of plywood and rubber mallet was used to gently hammer the tube into
the ground until one half-inch remained above the ground surface. Each tube was
dug out of the ground with a spade and placed in a polyethylene bag. All feldspar
pots were installed on August 24, 2000 and later sampled on May 21, 2001.

Sample Analysis

To determine a mass value of sediment for each site, the soil was removed
from the bags and screened through a 2-mm sieve. Each bag was rinsed several

times with deionized water until all visible sediment was retrieved. All material,
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such as leaves and twigs, greater than 2-mm was discarded. The sieved soil was
placed into beakers and dried at 110°C for 24 hours, weighed, and ground with a
mortar and pestle to a fine powder.

To determine a mass value of sediment over the feldspar marker horizon, soil
was removed by gently scraping the soil surface with a putty knife until reaching the
surface of the feldspar material. Samples were then placed in beakers, dried in an
oven at 100°C for 24 hours, and immediately weighed. The soil matter was then
ground using a mortar and pestle to a fine powder and stored in 250-ml plastic
bottles until analyzed. For determination of carbon and nitrogen for sediment
samples of the sedimentation disk and feldspar marker horizons, ten milligrams was
weighed for each composite sample and was tested using a Perkin and Elmer 2400
CHN elemental analyzer.

Cesium'’ analysis was accomplished by retrieving two cores, one from the
interior and one from the transitional landscape positions, using thin-walled
aluminum tubes (DeLaune, et al., 1978; Cahoon and Turner, 1989). The tube was
twisted into the ground, pulled out, and then capped at both ends. The maximum
depth at which the transitional and interior soil cores were taken was 97 and 56 cm,
respectively. Two-centimeter sections were cut for the entire length of the core and
dried at 110°C for 24 hours. Each section was ground using a mortar and pestle and
was passed through a 2-mm mesh sieve. The sieved sample was analyzed for Cs"’
concentrations using a Lithium-based Germanium gamma spectroscopy system. To
calculate vertical accretion per year, the depth at which the maximum activity of

Cs'?7 oceurs is divided into the number of years between the sampling time and
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1963. The maximum activity of Cs'*” has been established to be the year 1963
(Ritchie, et al., 1974; DeLaune, et al., 1978; Cahoon and Turner, 1989).

Current metal concentrations were determined for sedimentation disk
samples by compositing and homogenizing the six sediment disks at each subplot
(three per landscape position) prior to metal analysis. Homogenization also occurred
for the feldspar marker horizon sediment samples within each site. Soil core samples
were analyzed for metals per 2-cm increment. Sediment samples were digested in
concentrated nitric acid, filtered through No. 42 Whatman filters, and analyzed for
Pb, Cd, Cr, Cu, Zn, Ni, P and Al using Jarrel-Ash Model #855 inductively coupled,
argon-plasma emission spectroscopy, calibrated before each use (Plumb, 1981).

Aluminum Normalization

Because it is difficult to establish whether contaminant concentrations are
“above normal,” a normalization procedure will help establish baseline sediment
metal concentrations. Normalization with Al has been used successfully to evaluate
soil contamination (Pardue, et al., 1992; Summers, et al., 1996; Tam and Yao, 1998).
To compensate for the effects of increasing metal absorption with increasing clay
content, each metal concentration was divided by the Al concentration in that
sample. Background metal concentrations (ug/g) were developed for each analyte
by averaging concentrations below the Cs'7 1963 peak to identify anthropogenic
influences.

Pre-1963 versus Post-1963 Metal Concentrations

Pre-1963 metal (ug/g)/(%Al) ratios were determined by averaging those

increments deeper than the peak Cs'". For the interior core, that corresponded with
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15 cm below ground surface and 21 ¢cm for the transitional core. Pre-1963 represents
background sediment metal concentrations during times when little anthropogenic
activity occurred within the Bluebonnet Swamp watershed. Post-1963 represents
that time period where urbanization began and anthropogenic activities increased.
Such anthropogenic activities included the establishment of residences to the north
and west of the swamp, as well as road development bordering the eastern side of the
swamp. Businesses also border the eastern portion of Bluebonnet Swamp. Sediment
metal concentrations from the sedimentation disks and feldspar marker horizons
were compared with pre-1963 background levels to determine if concentrations have
increased with time. Changes in impervious surfaces, resulting from urbanization,
and changes in forested, pasture, and water acreages having occurred from 1963-
2001 were quantified through spatial analysis using ArcInfo (James Mitchell,
personal communication).

Statistical Analysis

A Pearson’s correlation analysis was performed for analyte concentrations
and depth. Each analyte concentration was averaged for each 2-cm increment of the
two cores extracted from Bluebonnet Swamp. Analysis of variance and Tukey’s
post-hoc test for comparisons was used to identify differences in the three landscape
positions (channel, transitional, and interior). A T-test was used to compare pre-
and post-1963 metal concentrations. An alpha level of 0.05 was used as the level of
significance for all analysis performed. All statistical analyses were performed using

the statistical package SAS (SAS, 1985).
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Results

While trace and toxic metal concentrations can vary greatly in
uncontaminated soils with changing soil texture, an increase in metal concentration
normalized to Al may be an indicator of contamination. Baseline concentrations, for
areas predetermined as potentially uncontaminated, are determined by plotting metal
concentration versus %Al, creating a linear regression line for the data, and
establishing 95% confidence level intervals for the regression line. Data points
(metal concentrations) plotted above the upper confidence interval are suspected to
be contaminated (Pardue, et al., 1992; Daskalakis and O’Connor, 1995; Summers, et
al., 1996; Rice, 1999). Aluminum normalization (establishing a ratio by dividing a
metal concentration by percent Al) was performed on each analyte of the
sedimentation disk, feldspar marker horizon, and core data.

Core Data: Correlation Analysis

A Pearson’s correlation analysis was performed for sediment metal
concentrations and depth in which correlation coefficients and p values are reported
(Table 3.1). Low Pearson correlation coefficients occurred for the core soils
indicating a low degree of correlation between the metals analyzed, and between the
metals analyzed with depth. Negative Pearson’s correlation coefficients for Pb, Cu,
Zn, Ni, and P demonstrate a decrease in metal concentration with depth. Positive
correlation coefficients existed for Cd, Cr, and Al with depth. Calculated p values
for Cd (p = 0.0017), Cr (p = 0.0033), Cu (p = 0.0001), Zn (0.0067), Ni (p = 0.0024),
and P (p = 0.0018) indicates there are statistical correlations between sediment metal

concentrations and depth.
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Table 3.1. Pearson’s Correlation Coefficients and p values for metal concentration
(ug/g) versus depth for soil cores within Bluebonnet Swamp (n=35).

Depth  Pb Cd Cr Cu Zn Ni p Al
Depth 1.000% -0.187 0.512 0.483 -0.847 -0.450 -0.497 -0.509 0.280
0.00** 0.2813 0.0017 0.0033 0.0001 0.0067 0.0024 0.0018 0.1038

Pb 1.000 0428 0.131 0451 -0.070 0.568 0.030 0.142
0.0000 0.0103 0.4522 0.0066 0.6898 0.0004 0.8645 0.4160

Cd 1.000 0.165 0.836 -0.200 0.775 -0.181 -0.518
0.0000 0.3443 0.0001 0.2484 0.0001 0.2975 0.0014

Cr 1.000 -0.146 -0.343 0.347 -0.585 -0.005
0.0000 0.4025 0.0436 0.0410 0.0002 0.9761

Cu 1.000 0.189 0.796 0.246 -0.307
0.0000 0.2764 0.0001 0.1551 0.0725

Zn 1.000 0.105 0.435 0.151
0.0000 0.5465 0.0091 0.3857

Ni 1.000 0.006 -0.039
0.0000 0.9748 0.8227

P 1.000 0.288
0.0000 0.0935

Al 1.000

*Pearson’s Correlation Coefficient; **p value.

Core Data: Aluminum Normalized Correlation Analysis

Because metal concentrations vary with soil texture, the analytes were
normalized with %Al then plotted with depth. Core #1 extracted from the interior
landscape position depicts little to no change with depth for Cd, Cr, Cu, and Ni
(Figures 3.2, 3.3). Lead concentrations increase around 1963 (the year of peak Cs'Y’
activity) decrease for several years beginning at the 12-14 cm deep increment, and
then an increase again around the 4-6 cm increment to current metal concentrations.
Zinc and P also increase around 1963 with concentrations decreasing around the 6-8
cm increment and then increasing to current concentrations. Core #2 depicts similar
trends for Cd and Cr as Core #1; however, Pb, Cu, Zn, Ni, and P concentrations
show gradual increases over time (Figure 3.4, 3.5).
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Figure 3.2. Average Pb, Cd, and Cr concentration (u g/g)/% Al ratio for Core #1.
#Peak Cs'”' activity occurred at 15 cm.

Core Data: Pre- and Post-1963 Metal Concentrations

Analysis of variance indicates statistically significant differences between
pre- and post-1963 sediment metal (ng/g)/ %Al ratios for Cd, Cu, Zn, Ni, and P, but
not for Pb and Cr (Table 3.2). Post-1963 metal (ug/g)/% Al ratios were statistically
greater in recently accumulating sediment than pre-1963 sub-surface sediment for all
analytes except Cr. There were no statistical differences in pre- and post-1963 Pb
(Lg/g)/%Al ratio. Although statistics were not performed between the pre-1963

ratios obtained from Bluebonnet Swamp and Louisiana coastal sediment ratios



obtained by Pardue, et al., (1992), the analyte/%Al ratios Bluebonnet Swamp

sediment are greater for Pb and Cr.
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Figure 3.3. Average Cu, Zn, Ni, and P concentration (ug/g)/%Al ratio for Core #1.
1P is plotted on the secondary y-axis; *Peak Cs'" activity occurred at 15 cm.

Feldspar Marker Horizons: Concentrations per Landscape

ANOVA and Tukey’s post hoc tests were performed on metal concentrations
(ug/g) for the interior and transitional landscapes. Statistically significant
concentration (ug/g) differences occurred between the two landscapes for Pb, Cr, Ni,
and Al; however, there were no significant differences for Cu, Zn, Cd, and P (Figure

3.6, 3.7; Table 3.3).
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Figure 3.4. Average Pb, Cd, and Cr concentration (1g/ 2)/%Al ratio for Core #2.
*Peak Cs'’’ occurred between 21 cm.
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Figure 3.6. Average analyte concentration (ug/g) of the feldspar marker soil samples
from each landscape position for Pb, Cd, Cr, and Al
*Treatments with different letters are significantly different at a = 0.05.

175 1750

ng/g

Cu Zn IR P

B Transthonal B Interior

Figure 3.7. Average analyte concentration (ug/g) of the feldspar marker soil samples
from each landscape position for Cu, Zn, Ni, and P.
*Treatments with different letters are signiticantly different at o = 0.05.
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Table 3.2. Pre- and post-1963 analyte (ug/g)/(%Al) ratios for core sediment and
background ratios for coastal Louisiana sediment.

Analyte

Pb
Cd
Cr
Cu
Zn
Ni
P

Background Ratios

Core Data

LA Coastal Sediment

Pre-1963 Sediment

Post-1963 Sediment

29.7
1.26
6.76
N/A**
N/A
N/A
N/A

32.5 + 45 (a)
0.315 +0.51 (a)
11.0 3.8 (a)
532 +5.6 (a)
56.2+7.5 (a)
11.1+2.2(a)
389 + 106 (a)

45.1 20 (a)
2.00 + 1.4 (b)
10.7 +5.0 (a)
227+ 6.8 (b)
95.7 + 35 (b)
17.0 +4.1 (b)
555 + 184 (b)

“Data from Pardue, et al. (1992); **Not available (N/A).

Feldspar Marker Horizons: Aluminum Normalized

To reduce soil texture effects on concentration, each analyte was normalized

with %Al. When Al normalized, ANOVA tests determined statistically significant

differences in Cu and Ni (ug/g)/(%Al) ratios between the transitional and interior

landscape positions (Table 3.4). There were no significant differences in Pb, Cd, Cr,

Zn, and P (ng/g)/(%Al) ratios for the two landscape positions.

Table 3.3. Average analyte concentrations (ug/g) for the feldspar marker horizons
within the transitional and interior landscapes in Bluebonnet Swamp, Louisiana

(n=34, 18), respectively.

Analyte Transitional Interior

Pb 36.4+ 2.7 (a%) 46.5+4.3 (b)
Cd 1.36 £0.05 (a) 1.52 £ 0.06 (a)
Cr 8.43+£0.65 (a) 11.3+1.3(b)
Cu 19.1 £ 0.63 (a) 21.5+ 1.5 (a)
Zn 104 £9.7 (a) 123 + 18 (a)
Ni 14.4+047 (a) 16.9 £0.78 (b)
P 682 £51 (a) 665 * 34 (a)
Al 8,649 + 310 (a) 11,430 £ 670 (b)

*Treatments with different letters are significantly different at a = 0.05.



Sedimentation Disks: Concentrations per Landscape

ANOVA test revealed Pb, Cd, Cu, Zn, Ni, P, and Al (ng/g) were statistically
different in the interior landscape versus the other two landscape positions for the
sedimentation disk data (Table 3.5; Figure 3.8, 3.9). Metal (ug/g)/%Al ratios were
significantly different between the channel and transitional landscapes for Ni and Al
The interior landscape position contained the greatest analyte concentrations
followed by decreasing concentrations in the transitional and channel landscapes.
Table 3.4. Average Al-normalized concentration (ug/g)/(%Al) for each analyte of

the feldspar marker horizons for the transitional and interior landscapes in
Bluebonnet Swamp, Louisiana (n=34, 18), respectively.

Analyte/%Al Transitional Interior
Pb 453+ 4.9 (a¥) 39.2+2.0 (a)
Cd 1.61 £0.066 (a) 1.36 £0.05 (a)
Cr 10.0£0.69 (a) 9.64 +0.83 (a)
Cu 22.7+0.80 (a) 18.8+0.77 (b)
Zn 120.4 £ 9.1 (a) 106 £ 15 (a)
Ni 17.0 £ 0.54 (a) 15.1 +0.60 (b)
P 777 £47 (a) 589+ 14 (a)

*Treatments with different letters are significantly different at a. = 0.05.

Table 3.5. Average analyte concentration (ug/g) for each landscape position for the

sediment disk samples (n=313) in Bluebonnet Swamp, Louisiana.

Analyte Channel Transitional Interior
Pb 25.3 £ 1.8 (a*) 32.6%£1.8(a) 50.0£2.3 (b)
Cd 1.18 £0.09 (a) 1.45 £ 0.08 (a) 1.98 £0.09 (b)
Cr 8.06x7.1(a) 11.6 £ 1.0 (ab) 15.8+ 1.4 (b)
Cu 233+ 1.7 (a) 245113 (a) 31.8+0.77 (b)
Zn 70.7+4.8 (a) 89.3+4.5 (a) 161.1+ 14 (b)
Ni 11.6 £3.7 (a) 14.2£0.58 (b) 20.45 £ 0.60 (¢)
p 583 +40 (a) 676 + 32 (a) 1,462 £ 67 (b)
Al 6,319 £ 240 (a) 7,622 £ 170 (b) 13,751 £300 (¢)

*Treatments with different letters are significantly different at a = 0.05.
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Figure 3.8. Average analyte concentration (ug/g) of the sediment disk soil samples
from each landscape position for Pb, Cd, Cr, and Al
*Treatments with different letters are significantly different at o = 0.05.

Sedimentation Disks: Aluminum Normalized

When %Al normalized, an ANOVA test determined that none of the analytes
were significantly differently in all the three landscape positions (Table 3.6). The
channel and transitional landscape metal (ug/g)/(%Al) ratios were statistically the
same for all analytes; whereas, the channel and interior landscapes had significant
differences for the Cd, Cu, Ni, and P ratios. Transitional landscape ratios were
statistically different from the interior landscape ratios for Pb, Cd, Cu, Ni, and P.

Copper and Zn (ug/g)/(%Al) ratios were greatest in the channel landscapes.
Metal/% Al ratios were greatest in the transitional landscape for Pb, Cd, Cr, and Ni.

Phosphorus (ug/g)/(%Al) ratio was the greatest in the interior landscape.
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Figure 3.9. Average analyte concentration (ug/g) of the sediment disk soil samples
from each landscape position for Cu, Zn, Ni, and P.
*Treatments with different letters are significantly different at o = 0.05.

Table 3.6. Average Al-normalized concentration (ug/g)/(%Al) ratio of each analyte
for the sedimentation disk data for each landscape position in Bluebonnet
Swamp, Louisiana (n=313)

Analyte Channel Transitional Interior

Pb 38.8 £ 3.7 (ab)* 44.8+£4.7 (a) 359+ 1.2 (b)

Cd 1.68 £ 0.14 (ab) 1.95+£0.17 (b) 1.44 £ 0.05 (c)
Cr 125+2.1 (a) 15.6 £ 2.2 (ab) 11.0£0.79 (ac)

Cu 36.0+£3.9 (a) 33.9£3.0 (ab) 23.8£0.69 (c)
Zn 122 + 17 (a) 117 +7.8 (a) 115+£6.3(a)
Ni 18.6 1.2 (a) 19.2 £ 1.2 (ab) 15.0£0.28 (¢)
P 961 +£97 (a) 840 * 40 (ab) 1,100 + 54 (¢)

*Treatments with different letters are significantly different at a = 0.05.
Discussion

Core Data: Correlation Analysis

Negative Pearson correlation coefficients for Cu, Zn, Ni, and P infer

anthropogenic changes in Bluebonnet watershed have caused an increase of metals
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with time. Anthropogenic activities increasing urbanization in the watershed include
the development of roads, residences, and businesses. From 1941 to 2001,
impervious surfaces increased from 0 to 28.5 hectares within Bluebonnet watershed,
an increase of 7% (James Mitchell, personal communication).

Correlations between the analyte concentrations with depth were low.
Calloway, et al., (1998) reported high Pearson correlation coefficients for six metals
(Cd, Cr, Cu, Ni, Pb, and Zn) analyzed from marsh sediment. My results were similar
to Calloway, et al., (1998) in that the lowest correlations occurred between Ni and P.
Strong correlations between the metals are indicative of metals coming from the
same source. The strongest correlation was between Cu and Cd concentrations.
With urban development occurring within Bluebonnet Swamp watershed, it is
unlikely that there was a constant source of metal input over time. In addition, the
long, narrow shape of the swamp allows anthropogenic influences to occur on all
sides; thereby, increasing the number of sources contributing to metal concentrations
(Calloway, et al., 1998).

The changes in metal (ug/g)/%Al ratios with depth for Cores #1 and #2 infer
changes in the watershed resulted in fluctuations of metal inputs. This is more
apparent with Pb, as the additive was removed from automobile fuel in the mid
1970s. Increases in lead concentrations were more apparent after the peak Cs'
identifying 1963 (Figures 3.2 through 3.5). There is a significant increase in Zn
concentrations within less than 12 cm from the soil surface indicating a significant

increase of Zn pollution. Increases in Zn and Cu could be attributed to periodic
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failures of a nearby sewage overflow valve, which is directed into the northeast
corner of Bluebonnet Swamp. One such failure occurred during this study.

Pre-1963 metal (ug/g)/(%Al) ratios were calculated to estimate metal
conditions prior to the majority of development within Bluebonnet Swamp
watershed. When compared with post-1963 conditions, pre-1963 metal ratios were
significantly lower for Cd inferring that changes in the watershed could be attributed
to increasing urbanization. However, significant differences did not occur in pre-
and post-1963 soil for Pb and Cr. Since Pb was not significantly correlated with
depth and there was no significant difference in pre- versus post-1963
concentrations, the data might suggest there has been no substantial Pb increases in
the watershed due to surrounding urbanization. However, the greater Pb ratio when
compared with Pardue, et al. (1992) suggests that the material entering Bluebonnet
Swamp might be enhanced anthropogenically due urbanizing developments within
the watershed, but that the increases have been gradual over time.

Feldspar Marker Horizon Data

There were statistically significant differences in Pb, Cr, Ni, and Al
concentrations for the transitional and interior landscape positions. Bulk density
measurements, taken from core samples, revealed the interior landscape position
(0.624 g/cm3) had a greater organic content than the mineral soil within the
transitional landscape (1.18 g/cm3). The interior landscape position, with finer
textured sediment greater in Al concentration and organic matter, is more conducive
to absorption of metals. Stream flow from the various inflow points also contributed

to the difference in metal concentrations between the landscape positions. Based on
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visual observations, stream flow was less in the interior landscape portion of the
swamp compared to the transitional areas. Hupp, et al. (1993) found that the
analytes concentrated in areas where stream power was the lowest and where the
quantity of fine-sized particles was the highest. Another explanation for greater
metal concentrations in the interior landscape position could be attributed to a greater
retention time of suspended sediments in overlying water.

Because trace and toxic metal concentrations can change with soil texture, Al
normalized metal concentrations provide an effective tool to compare several soil
types by eliminating the texture effect on concentration (Pardue, et al., 1992;
Summers, et al., 1996; Tam and Yao, 1998). Once %Al normalized metal
concentrations were not significantly different between the two landscape positions
for Pb, Cr, and Ni. The statistical differences noted by the non-Al transformed data
were caused by clay particle adsorption capacity and quantity, thereby masking the
true concentration differences between sediment in the two landscape positions.

Sedimentation Disk Data

Analyte analysis of the sediment samples from the sedimentation disks for
Pb, Cd, Cr, Cu, Zn, Ni, P, and Al revealed the lowest concentrations occurred within
the channel landscape position and the greatest concentrations occurred within the
interior landscape position. Once Al normalized, the analyte concentration
(ug/2)/(%Al) ratios also revealed the greatest concentration occurred within the
interior landscape. The interior landscape position contained greater Al
concentrations and organic matter, which is more conducive to absorption of metals.

Stream flow velocity was less in the interior landscape portion of the swamp (based
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on visual observations) compared to the channel and transitional areas, which could
have contributed to greater metal (ng/g)(%Al) ratios. (Hupp, et al., 1993).
Conclusions

There were significant differences between pre-and post-1963 concentrations
for several metals. The increased metal influx into the swamp corresponded with a
seven percent increase in impervious surfaces between 1963 and 2000. Background
Pd and Cr metal (ug/g)/(%Al) ratios for Bluebonnet Swamp were greater than ratios
calculated by Pardue, et al. (1992) for coastal Louisiana sediment. Different
accretion rates in the Pardue, et al. (1992) study could result in a “dilution” of metal
concentrations if their study site was flooded more often than the study site of this
paper.

This data provides a baseline level of analyte concentrations for an urban
wetland environment in Baton Rouge, Louisiana and provides a means by which

continued urbanization in the surrounding watershed can be compared.
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CHAPTER 4: CONCLUSIONS

The sedimentation data retrieved from the Bluebonnet Swamp revealed
statistically significant differences in current versus historic sedimentation rates. Current
sedimentation rates are almost four times greater than historic rates. This increase could
be attributed to increasing soil disturbances caused by road, residence, and business
development within the surrounding watershed. Analysis of pre-1963 sediment from soil
cores shows statistically that differences in metal concentrations exist between surface
and sub-surface soils. Fluctuations in metal concentration profiles with depth indicate
episodic increases over time. Soils within Bluebonnet Swamp; however, do have higher
background concentrations for Pb, Cd, and Cr when compared to coastal Louisiana
sediment which could suggest pollution from early 19" century activities or suggest
differences in soil mineralogy. Little difference was concluded for sedimentation rates
between the interior and transitional landscape; however, metal retention rates indicate
the interior landscape is the primary sink for metals. It appears that the gradual change

in land use within the Bluebonnet Swamp has lead to increases in metal concentrations

and sedimentation rates over time.
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APPENDIX A: SEDIMENTATION DISK DATA
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