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OCCURRENCE AND ESTIMATION OF TRACE
ELEMENTS IN BOTTOM MATERIAL FOR SELECTED
STREAMS IN COASTAL LOUISIANA, 1991-92

By Benton D. McGee and Dennis K. Demcheck

ABSTRACT

Six streams (Pearl River, Tickfaw River, Bayou Lafourche, Vermilion River, Calcasieu River, and
Sabine River) in six basins in coastal Louisiana were sampled for trace elements in bottom material during
1991-92. Bottom material samples were collected and analyzed to determine concentrations of the
following trace elements: antimony, arsenic, chromium, cobalt, copper, lead, mercury, nickel, selenium, and
zinc. The minimum and maximum concentrations, in milligrams per kilogram, of each trace element and
the stream in which they were detected are as follows: Antimony, less than 0.1 (Pearl River) and 1 (Bayou
Lafourche); arsenic, 0.3 (Tickfaw River) and 16 (Bayou Lafourche); chromium, 1 (Pear] River and Tickfaw
River) and 71 (Bayou Lafourche); cobalt, 2 (Pear! River and Tickfaw River) and 15 (Bayou Lafourche);
copper, less than 1 (Pearl River) and 53 (Bayou Lafourche); lead, less than 1 (Sabine River) and 67
(Calcasteu River); mercury, less than 0.01 (Pearl River) and 0.47 (Calcasieu River); nickel, less than 1
(Sabine River) and 38 (Bayou Lafourche); selenium, less than 0.1 (Pearl River and Sabine River) and 0.9
(Bayou Lafourche); and zinc, 1 (Tickfaw River) and 208 (Bayou Lafourche).

In addition, the bottom-material samples were analyzed to determine physical and chemical
properties that affect trace-element concentrations: grain size, surface area, organic matter, and iron and
manganese oxide coatings. Mean grain size typically decreased and organic matter increased in a
downstream direction. Each site, however, had a unique set of physical and chemical factors affecting the
distribution of trace elements.

The trace-element concentrations measured in bottom material from the streams were compared to
effects range-low (ER-L) and effects range-median (ER-M) threshold concentrations. The ER-L and ER-M
values represent 10th and 50th percentile concentrations that, when exceeded, may produce adverse
reactions in biota. Concentrations below the ER-L indicate a minimal adverse effects range. Concentrations
between the ER-L and ER-M indicate a possible adverse effects range, and concentrations above the ER-M
indicate a frequent adverse effects range. No sample had trace-element concentrations that exceeded the
ER-M; however, the ER-L was exceeded in four streams. The streams having concentrations of trace
elements that exceeded the ER-L were Bayou Lafourche (lead, mercury, nickel, and zinc); the Vermilion
River (lead and nickel); the Calcasieu River (lead, mercury, and nickel); and the Sabine River (lead). The
Pearl River and Tickfaw River had no sites with trace-element concentrations that exceeded the ER-L
values.



Multiple linear regression equations were used to estimate background (naturally occurring)
concentrations for trace elements based on the physical and chemical properties of the bottom-material
samples. These estimated background concentrations were compared to the measured data. Sampling sites
where measured trace-element concentrations exceeded by 20 percent the estimated concentration, and the
comparison was considered statistically valid, were identified as having elevated concentrations of trace
elements. Concentrations of five race elements (copper, lead, mercury, nickel, and selenium) exceeded
estimates on the Calcasieu River; five (arsenic, copper, lead, mercury, and zinc) on Bayou Lafourche; four
(arsenic, copper, lead, and zinc) on the Vermilion River and Sabine River; one (nickel) on the Pearl River;
and none on the Tickfaw River. The groupings may represent a ranking of the relative amount of adverse
effects of trace elements on these streams.

INTRODUCTION

Bottom material in surface water generally is recognized as a long-term integrator of water quality
at a site. According to Horowitz (1991, p. 12), trace elements associated with bottom material may record
a chemical history of an aquatic system through time. This chemical history allows us to determine back-
ground frace-element concentrations within the system. Background trace-clement concentrations are
defined as the trace-element concentrations that occur naturally within aquatic systems as a result of the
physical and chemical interactions between native sediments and streams. These background concentra-
tions can be compared to current trace-element concentrations to identify sites affected by anthropogenic
sources.

Current trace-element data for bottom material, needed for assessment of coastal Louisiana streams,
are not available. The data that are available lack key physical and chemical analyses that are crucial in
identifying anthropogenic origins of these elements in the aquatic environment. Based on the results from
a previous study by Demcheck (1994), accurate data on the physical properties and chemical composition
of bed sediments from this region, used in conjunction with sediment-trace element models, can be used (o
identify sites with elevated concentrations of trace elements. In an effort 1o further understand the role of
trace elements in the aquatic environment, the U.S. Geological Survey (USGS), in cooperation with the
Louisiana Department of Transportation and Development (DOTD), began a study in 1991 to investigate
trace-element concentrations associated with bottom material in selected streams in Louisiana. The
objectives of the study were to (1) determine concentrations of selected trace elements in bottom material
from potentially affected streams in coastal Louisiana, (2) document the physical and chemical properties
that affect the occurrence of these trace elements in the aquatic environment, and (3) evaluate local
sediment-trace element predictive models to identify potentially affected sites and sites with elevated trace-
element concentrations for further evaluation.

Background trace-element concentrations can be estimated using statistical methods. Multiple linear
regression equations have, in the past, explained a relatively high percentage of measured sediment-trace-
element concentrations (Horowitz and others, 1989). These equations are derived using available chemical
and physical sediment data collected from sites presumed to be relatively unaffected by human activities.
Using these equations to estimate background trace-element concentrations can help to identify sites that
are chemically affected by anthropogenic sources and provide insight into the physical and chemical
properties affecting trace-element distributions in sediments.

Bottom material from streams in coastal Louisiana generally exhibits a decrease in grain size
southward as the stream approaches the coast. Coastal marsh sediments tend to contain higher amounts of
organic matter than sediments in other regions, due to the high rate of decomposition of marsh plants. Also,
water chemistry and land use may differ with each basin and from site to site within a basin. These



differences affect the distribution of trace elements in the stream by creating favorable or unfavorable
conditions for the adsorption of trace elements onto bottom material. Therefore, it is important to document
the physical and chemical properties that make each basin unique. Due to the unique physical and chemical
nature of each basin, interbasin comparisons of trace-clement concentrations would require careful
consideration of these properties.

Purpose and Scope

This report describes the measured (chemically analyzed) and estimated background trace-element
concentrations in bottom material from six streams (Pearl River, Tickfaw River, Bayou Lafourche,
Vermilion River, Calcasieu River, and Sabine River) in coastal Louisiana (fig. 1). The report also identifies
reaches of the streams in which trace-element concentrations were significantly elevated above estimated
background concentrations.

During 1991-92, 55 sediment samples were collected from bottom material in six streams; 9 samples
each were collected from five streams, and 10 were collected from the Calcasieu River. The trace-element
concentrations in bottom material are affected by the regional land use within each river basin; therefore,
the study area in this report includes the six respective river basins (Pearl River, Lake Pontchartrain-Lake
Maurepas, Mississippi River Delta, Aichafalaya-Teche-Vermilion, Calcasieu-Mermentau River, and Sabine
River) within which the selected streams are located (fig. 1) (Garrison, 1994).

Description of Study Area

The study area consists of six streams within six respective basins that are located mostly in southern
Louisiana (fig. 1): Pearl River (Pearl River Basin); Tickfaw River (Lake Ponichartrain-L.ake Maurepas
Basin), Bayou Lafourche (Mississippi River Delta Basin), Vermilion River (Atchafalaya-Teche-Vermilion
Basin), Calcasieu River (Calcasieu-Mermentau River Basin), and Sabine River (Sabine River Basin)
(Garrison, 1994), The area of primary interest is in and near coastal Louisiana and includes the reaches of
the six streams that contain fine-grained, organic enriched sediments.

The study area is located within the Coastal Plain physiographic province, which, in coastal
Louisiana, comprises five natural regions (fig. 2): hills, terraces, coastal marsh, Red River Valley, and
Mississippi River alluvial valley (Louisiana Department of Environmental Quality, 1990, p. 4). Physical
and chemical properties of bottom material in these regions vary. For example, the Mississippi River
alluvial valley has a high percentage of fine-grained minerals and organic matter, whereas upland areas such
as the Lake Pontchartrain-l.ake Maurepas Basin are composed of a larger percentage of coarse-grained
minerals with a lower percentage of organic matter.

Upland hills and terraces make up the Pearl River Basin in Louisiana (fig. 2). The northern area of
the basin is characterized by high elevations and steep slopes. The southeastermn area has flat terraces with
gradual transitions to the broad, flat-bottomed lower valleys. In the southern area, the Pearl River becomes
a braided stream comprising many interconnected channels (fig. 3). The extreme southern reach of the river
is estuarine. In Louisiana, the basin is bounded to the north by the Louisiana-Mississippi State line, to the
east by the river itself, to the south by Lake Borgne, and to the west by the Lake Ponichartrain-Lake
Maurepas Basin (fig. 1). Although the Pearl River Basin is primarily forested, about one-fifth of the basin is
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made up of pasture and cropland scattered within the forest lands (Louisiana Department of Transportation
and Development, 1984). Forested weilands occupy most of the valley areas of the basin. The Pearl River
Basin has extensive marshes that generally are located south of Interstate Highway 10 (I-10). Urbanization
in the basin is confined mainly to the areas in and around Bogalusa and Slidell (fig. 3).

The Tickfaw River is in the Lake Pontchartrain-Lake Maurepas Basin (fig. 1), within the upland
terraces of Louisiana except for a small part within the Mississippi River alluvial valley (fig. 2). The
northern part of the river flows through upland terraces 10 the flat-bottomed valleys characteristic of the
southern reaches of the river. In Louisiana, the basin is bounded to the north by the L.ouisiana-Mississippi
State line, to the east by the Pearl River Basin, to the south by the Mississippi River Delta Basin, and to the
west by the Atchafalaya-Teche-Vermilion Basin (fig. 1). The Tickfaw River begins in southern Mississippi
and flows south through St. Helena and Livingston Parishes in Louisiana before it empties into Lake
Maurepas (fig. 4). The basin includes several small towns and fishing camps along its length in Louisiana,
but is mostly composed of forest land.

Bayou Lafourche is within the Mississippi River Delta Basin (fig. 1) and is within the Mississippi
River alluvial valley and coastal marsh natural regions of the State (fig.2). The bayou begins at
Donaldsonville and generally is oriented northwest to southeast (fig. 5). Several thousand years ago, Bayou
Lafourche was the main channel of the Mississippi River As the course of the river shifted, Bayou
Lafourche remained a distributary until 1902, when the Mississippi River-Bayou Lafourche connection was
closed off. The natural levees deposited by the Mississippi River produced a fertile strip of land higher than
the surrounding marshes, which were intensively farmed and developed (Conner and Day, 1987, p. 1). The
Mississippi River Delta Basin is bounded by the Lake Pontchartrain-L.ake Maurepas Basin to the north, the
Louisiana-Mississippi State line and the Pear] River Basin to the east, the Gulf of Mexico to the south, and
the Atchafalaya-Teche-Vermilion Basin to the west (fig. 1). The basin is composed largely of wooded
lowlands, and marshes that have fresh, brackish, and saline waters. Marshes and wetland forests cover most
of the basin but have been substantially reduced by urbanization and conversion of marshes 10 open water
in coastal areas (I.ouisiana Department of Transportation and Development, 1984, p. 281).

The Vermilion River is within the Atchafalaya-Teche-Vermilion Basin (fig. 1). The river can be
separated into two distinct reaches, the upper and lower Vermilion River. The upper Vermilion River is
about 28 mi long and extends to the southern part of the City of Lafayette (fig. 6). The upper river has a
broad valley, and its banks are only slightly higher than the adjacent lands. The lower Vermilion River,
about 33 mi long, begins downstream from Lafayette and flows into Vermilion Bay. The lower river has
high banks and a well-defined stream valley. The flow of the Vermilion River, from Lafayette downstream,
is affected by tidal fluctuations at all stages (Demcheck and Leone, 1983, p. 2). The basin is bounded by
the Red and Quachita River Basins to the north, Lake Pontchartrain-Lake Maurepas Basin and Mississippi
River Delta Basin to the east, the Gulf of Mexico to the south, and the Calcasieu-Mermentau River Basin to
the west (fig. 1). Most of the basin is composed of flat-lying and hilly terrace lands, and the southern part
of the basin is made up of coastal marshes (fig. 2).

The Calcasieu-Mermentau River Basin (fig. 1) is mainly within fiat to slighily sloping terraces
(fig. 2). The Calcasieu-Mermentau River Basin is bounded in Louisiana to the north by the Red River and
Atchafalaya-Teche- Vermilion Basins, 10 the east by the Atchafalaya-Teche- Vermilion Basin, to the south by
the Guif of Mexico, and to the west by the Sabine River Basin (fig. 1). The northern reaches of the basin
are mostly oak-pine forests. The central part is primarily prairie land and is a major rice-producing area.
The southern part is a mixture of prairie and fresh to brackish marshes. The City of Lake Charles (fig. 7) is
the primary urban and industrial area within the basin.
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The Calcasieu River reach included in this study extends about 42 river miles from the Gulf of
Mexico to just upstream of a saltwater barrier, The barrier is a gated structure designed to protect freshwater
swamps in the area from saltwater intrusion. The Calcasieu River north of Lake Charles is bordered
primarily by oak-pine forests. The central part of the stream reach, at and extending about 10 mi south of
Lake Charles, is bordered by a cluster of petrochemical and agrichemical industries. The southem part of
the river is used extensively for navigation and commercial fisheries.

The Sabine River Basin is mainly within the hills, terraces, and the coastal marsh regions (fig. 2).
The hills are surface outcrops of relatively old sediment. The terraces are flat-lying and have eroded along
streams to create a rolling landscape. The coastal marsh is a low coastal plain composed of deltaic deposits.
The basin extends 190 mi north from the gulf coast and is 25 mi wide at its widest (Louisiana Department
of Transportation and Development, 1984). In Louisiana, the basin is bounded on the northeast by the Red
River Basin, on the southeast by the Calcasieu-Mermentau River Basin, on the south by the Guif of Mexico,
and on the west by the Louisiana-Texas State line (fig. 1). The northern part of the basin is primarily
forestland, consisting of pines in the upland areas and mixed forests along streams, the southern part of the
basin is primarily estuarine, Accordingly, farmland and land uses associated with agriculture are mostly in
the northern part of the basin, and petrochemical industries, fishing, and navigation are mostly in the
southem part of the basin. There is very little urbanization within the basin, with the exception of the cities
of Port Arthur, Tex., and Orange, Tex. (fig. 8), which support large petrochemical and fishing industries. The
Sabine River reach studied extends about 35 river miles from the Gulf of Mexico, through Sabine Lake, to
Old River. Old River is a tributary to the Sabine River.

Previous Studies

Trace-element concentrations in bottom material have been investigated in many studies. In a study
by the National Oceanic and Atmospheric Administration (Long and Morgan, 1990), samples containing
sediment-sorbed contaminants, including trace elements, were collected in coastal river and estuary
environments throughout the United States. The report describes the potential for adverse biological effects
due to exposure of biota to contaminated bottom material.

In that study (Long and Morgan 1990), effects range-low (ER-L) and effects range-median (ER-M)
threshold concentrations were developed for some trace eclements because no standards had been
established. An ER-L value was defined as the concentration associated with the 10th percentile of the
effects data for a compound, and ER-M value was defined as the concentration associated with the 50th
percentile of effects data. Concentrations below the ER-L are expected to indicate conditions under which
adverse biological effects would rarely occur (a minimal effects range). Concentrations between the ER-L
and ER-M value fall in a possible effects range, in which adverse biological effects would occasionally be
observed. Concentrations above the ER-M represent a probable effects range, where negative effects would
be expected to occur frequently. ER-L and ER-M concentrations (in milligrams per kilogram) for 8 of the
10 bottom-material trace elements sampled for this study are as follows: antimony, 2 and 25; arsenic, 33
and 85; chromium, 80 and 145; copper, 70 and 390; lead, 35 and 110; mercury, 0.15 and 1.3; nickel, 30 and
50; and zinc, 170 and 270, respectively.

Horowitz and others (1989) conducted a study of trace elements in bottom material, using 61 samples
collected throughout the United States. Using multiple linear regression equations calculated from physical
and chemical bottom-material properties such as grain size, percent organic matter, and oxide coatings, the
study explained at least 70 percent of the observed sediment-trace-element variance for 10 trace elements,

12
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Demcheck (1994) related trace-element concentrations 1o physical and chemical properties of bottom
material in the Mermentau River. The resulting trace-element equations identified the causes of elevated

trace-element concentrations at 13 sampling sites.

Simon (1988) identified four mechanisms for retention of chromium by bottom material in the
Calcasieu River. Chromium was shown to be partitioned in iron-oxide phases, manganese-oxide phases,
labile organic matier, and refraciory organic matier.
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METHODS

Most of the sampling sites were located in the lower reaches of each stream that contained fine-
grained sediments and naturally occurring organic detritus. Samples were collected during periods of low
and moderate flow, from both boats and bridges, depending upon the accessibility of the stream.

All bottom-material samples were collected with a nylon-coated Petite Ponar sediment sampler. This
sampler has a 6-in. square grab that penetrates about 4 in. into the substrate. The screened top of the sampler
allows water to escape as the sampler is lowered, producing minimal disturbance of the surficial layer of
bottom material. To ensure the collection of a representative sample, five 1-1. samples were collected at
each site and composited. Three samples were collected in a cross-section of the stream: One was taken at
the approximate midpoint of the stream channel, and one each at the extreme left and right of the stream
channel as depth permitted. The remaining two samples were collected approximately one channel-width
upstream and downstrearn from the midpoint of the cross-section. The samples were composited using &
clear-plastic container and a wooden spoon to avoid sample contamination. The container, ponar, and spoon
were thoroughly cleaned between sample collections. A 1-L subsample was collected from the 5-L
composite. The subsamples were kept at 4 °C after collection, then shipped frozen to a USGS laboratory
for analysis of trace elements. During sample collection, specific conductance, pH, temperature, dissolved
oxygen (DO), and depth were measured. These measurements were made about 1.5 ft below the stream
surface and 1.5 ft above the stream bed in streams deeper than 3 ft. In shallower streams, measurements
were made at mid-depth.

At the laboratory, samples were sieved through a 2,000-pum plastic screen and freeze-dried. Two
large aliquots were taken from each sample. The first aliquot was ground (if necessary) to less than 100 um
and used for bulk chemical analysis. The second aliquot was used for determination of grain-size distribu-
tion, surface area measurements, and the determination of selected oxide coatings.

The chemical analyses for the trace elements examined in this report were performed using atomic
absorption spectroscopy. Procedures describing the chemical analysis, substrate determinations, and
physical measurements are detailed by Horowitz and others (1989).
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EFFECTS OF PHYSICAL AND CHEMICAL PROPERTIES ON
OCCURRENCE OF TRACE ELEMENTS

Physical and chemical properties can be quantified to better understand sediment-trace-element
chemistry. Physical properties that affect the distribution of trace elemenis include grain size and surface
area. Chemical properties that affect the distribution of trace elements include dissolved oxygen, pH, total
organic carbon, manganese oxides, iron oxides, and the interaction between trace elements and sediment,
such as complexation and substitution.

Bottom Material

One of the most important physical properties controlling trace-element concentrations is sediment
grain size. There is a direct relation between decreasing sediment grain size and increasing trace-clement
concentration. Fine-grained sediments, because of their large surface areas, are the primary sites of
accumulation and transport of trace elements. Although trace elements also accumulate on substrates such
as sand and pebbies, high concentrations are, in general, associated with fine-grained sediments.

Typically, coastal-marsh sediment in Louisiana is high in organic matter and exhibits a decreasing
average grain size towards the Gulf of Mexico. The combination of increasing organic-matter contert and
decreasing grain size causes the potential for high background trace-element concentrations to exist
naturally in these bottom materials. Conversely, bottom material that exhibits large grain sizes, resulting in
small surface areas and a Iow organic-matter content, has less potential for high background trace-element
concentrations by comparison (Horowitz, 1991).

Due to adsorption, trace elements tend to accumulate on the surface of particles; therefore, materials
having large surface areas are good sites for trace-element accumulation, or good adsorbers. Furthermore,
deposited materials such as organic matter, hydrous iron, and manganese oxides may act as additional
adsorbers. As surface area increases due to the addition of deposited material, the amount of these adsorbers
also increases, thus the element-concentrating capacity of the surface is compounded.

Two approaches commonly are used in the evaluation of chemical partitioning: mechanistic and
phase. The purpose of the mechanistic approach is to determine how trace elements are retained on or by
sediments. Major mechanisms for trace-element accumulation on suspended sediment and bottom material
include adsorption, precipitation, organometallic bonding, and cation exchange. The phase approach seeks
10 determine where inorganic constituents are located on sediments. Individual constituents (such as cobaly,
copper, lead, nickel, zinc, iron, and manganese) may be associated with phases such as interstitial water,
clay minerals, sulfides, carbonates, humic acids, and iron and manganese oxides. Few attempts to
chemically partition complex sediment samples involve a strictly mechanistic or phase approach; more
commonty, they combine aspects of both (Horowitz, 1985, p. 36).

Cation exchange is the process by which a material adsorbs cations from solution and releases equal
amounts (on an equivalent-weight basis) of other cations back into solution. Most trace elements are cations
(have a positive ionic charge), and the surfaces of most materials that can conduct cation exchange have a
net negative charge. The measurement of a material's ability to sorb cations is called cation exchange
capacity (CEC). The CEC results from the availability of negatively charged sites on the sediment particles.
As grain size decreases and surface area increases, the CEC increases.

Historically, clay minerals were thought to act as substantial adsorbers and concentrators of trace
elements in aquatic environments. It was believed that broken chemical bonds around the edges of the clay
mineral determined the mineral's CEC. Studies have indicated, however, that clay minerals do not actually
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collect and concentrate the trace elements; rather, the clay minerals act as a physical substrate for the
precipitation and flocculation of organic matter and secondary minerals, such as hydrous iron and iron and
manganese oxides, on which trace elements can collect and concentrate (Horowitz, 1985, p. 28).

Iron and manganese oxides are known 10 form coatings on clay-sized particles and provide sites for
adsorption of trace elements from solution. In both suspended sediment and bottom material, iron and
manganese oxides commonly occur on minerals and particles as nodules and coatings. Forms of these
nodules or coatings range from amorphous to microcrystalline to crystalline (Horowitz, 1985). Regardless
of the form, hydrous iron and iron and manganese oxides are substantial collectors of race elements in
aguatic systems.

Water

The distribution of trace elements in an aquatic environment is influenced by physical and chemical
properties; however, water quality also influences the distribution and concentration of trace elements
associated with bottom material. Four on-site water-quality measurements (temperature, pH, DO, and
specific conductance) were made at each site at the time of the bottom-material sample collection (app. A,
tables A1 to A6). These data can aid in understanding the trace-element distributions in bottom material.

Trace-element concentrations in bottom material are substantially influenced by pH. Forstner and
Wittmann (1981) have shown that most freshwater has a specific range of pH that is critical for adsorption
of trace elements onto particulates. As little as one pH unit can determine if a trace element is to be adsorbed
or desorbed. In general, as pH increases, the availability of trace elemenis for adsorption increases. This
increase in adsorption translates to increased amounts of trace elements available for association with
bottom material. As pH decreases, trace elements are desorbed, resulting in a decrease in bottom-material-
associated trace elements.

Dissolved oxygen affects trace-element distributions and concentrations by enabling manganese and
iron oxides to form on the surface of sediments, providing a favorable substrate onto which trace elements
may be adsorbed. Conseguently, if dissolved oxygen concentrations remain high, and other water-quality
properties are unchanged, trace elements tend to remain associated with bottom material.

Increases in the ionic strength of the water column, approximated in this report by increases in
specific conductance, can cause organic matter and associated trace elements to precipitate out of solution.
Because of the high CEC of organic matter, trace elements will readily adsorb onto organic matter. The
concentration of trace elements in bottom material is increased as organic matter precipitates from the water
columnmn, stripping trace elements from solution as the precipitate settles to the bottom. In coastal Louisiana
streams, a zone of increased trace-element concentrations in bottom material commonly occurs in areas
where higher ionic-strength water from the Gulf of Mexico mixes with river water. The mixing zone may
be restricted to a short reach of a stream or be long and variable, depending on stream discharge, season, or
ampilitude of the tides.

ESTIMATION OF TRACE-ELEMENT CONCENTRATIONS IN BOTTOM MATERIAL
BASED ON PHYSICAL AND CHEMICAL PROPERTIES

Bottom material has the capacity to retain and concentrate trace elements based upon its physical and
chemical characteristics. Multiple linear regression equations calculated from chemical properties have, in
the past, explained a high percentage of the measured trace-element data (Horowitz and others, 1989,
p. 347). An analysis of both physical and chemical properties provides a means of estimating the back-
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ground trace-element concentrations for a particular stream or site. If the background trace-clement con-
centrations can be estimated, then streams or sites which have elevated trace-element concentrations also
may be identified.

This section describes the process by which the trace-element estimation equations were generated.
The sites sampled were selected after examining historical USGS data to avoid grossly contaminated arcas;
however, as all Louisiana streams are utilized to some extent for recreational, industrial, agricultural, or
commercial purposes, no site can be termed completely unaffected.

The calculations necessary to analyze the bottom-material data and generate the trace-element
estimation equations were performed using a statistical analysis program for microcomputers called
Statview 11 (Horowitz and others, 1989, p. 351). Statview II uses a stepwise regression to generate the
estimation equations for the trace elements in this study.

Using a stepwise regression, the entry of every new independent variable triggers a reevaluation of
all previous variables. If subsequent entries could account for the new variable’s variance contribution, that
variable could be removed from the equation, The equation’s performance was measured using the r2
statistic, which takes the number of parameters and sample size into account. The number of independent
variables within each equation was limited to four or less, although the stepwise regression analysis often
indicated that more than six independent variables could be added 10 an equation. The additdon of more than
four independent variables did little to improve the correlation coefficient, r. Detailed information pertain-
ing to the statistical methods used to derive the bottom-material trace-element estimation equatons are
discussed by Horowitz and others (1989).

To measure how closely the equations estimated the measured trace-element concentrations,
correlation coefficients, r, are calculated for the estimated and measured trace-element concentrations. The
final trace-clement estimation equations used for all six basins and their correlation coefficients are listed
below:

Sb = 0.448 x Ti+ 0.192 x Ex.Mn —0.163 x Mz - 0.290

r = (.94, M

As = (0755 xFe +0.191 x Mn + 0.743 @
r=0.96;

Cr=1.073xAl+0.094 x Ex.Mn+0.620

_ ) (3)
r=0.99;

Co = 0.471 x Al +0.137 x MnO, + 0.442 @
r = (.95;

Cu=0448 xSA+ 0208 xTOC +0.233 x Mn + 0.860

_ ) (5)
r= 0.95;

Pb = 0.747 x A1+ 0.129 x MnO, + 0.594 ©

r = (.95;
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Hg = -0.357 x Mz +0.269 x TOC + 0.270 x SA - 0.270 x Al - 0.904

r={(.89; ™
Ni=0421 xEx.Fe — 0275 xMz+0.167 x Mn + 0.261

&)
r=0.94;

Se=0422xTOC +0.207 x MnO, — 0.841 ©

r=1{0.82; and

Zn = 1.051 x Al +0.092 x MnO, + 0.895 10)

r=0.98,

where,
Ex.Mn is extractable manganese, mg/kg;
Mz is mean grain size, um,
MnO, is manganese oxide, mg/kg;
TOC is total organic carbon, weight percent;
SA is surface area, m%/g; and
Ex.Fe is extractable iron, mg/kg.

Assuming that most of the trace-clement variation in bottom-material chemistry can be explained by
the physical and chemical properties of the bottom material, it should be possible to combine these proper-
ties o estimate trace-element concentrations in bottom material. Furthermore, assuming that the majority
of the bottom-material samples were collected from relatively uncontaminated sites, the equations could
prove to be a useful tool in identifying sites with ¢levated trace-clement concentrations.

OCCURRENCE OF TRACE ELEMENTS IN BOTTOM MATERIAL

Elevated concentrations of trace elements in bottom material may originate from point and nonpoint
sources. These sources may directly contribute contaminated sediment 10 a stream or may contribute frace
clements in the aqueous phase, which are then available to be adsorbed onto bottom material.

Identifying individual sources of trace-element contamination is difficult for two reasons. Urban or
industrial areas often have multiple sources of trace-element contamination. Additionally, contaminated
bottom material could remain long after the source of the contamination is gone. For these reasons, indi-
vidual sources could not be easily identified on the basis of the sampling scheme for this study.

Point sources of trace elements usually are identifiable, such as the end of a pipe that has a fixed loca-
tion. Point sources include industrial and municipal wastewater discharges. Nonpoint sources of contami-
nation usually are characterized by runoff from an area rather than a pipe and are associated mainly with
land use. Nonpoint sources may include urban-atmospheric deposition, agricultural runeff, unintentional
spills, and additions of herbicides or biocides into water bodies.

Industrial sources of trace elements may include automotive industries, nuclear-energy production,
paper mills, tanneries, petroleum industries and refineries, electrical component manufacturing, wood pre-
serving, metal plating, metal manufacturing, and pilings and wharves. Some trace elements are associated
with a specific industry. Mercury, selenium, and arsenic commonly are associated with pesticides, chemical
plants, and agricultural runoff, whereas zinc commonly is associated with pulp and paper mills.
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Trace-element concentrations measured in bottom-material samples, as well as the concentrations
estimated using equations 1 to 10 are listed in table 1. Replicate analyses of trace-element concentrations
detected near the lowest analytical limit may vary as much as 100 percent (A.J. Horowitz, oral commun.,
1995). The variations are a result of analytical errors associated with determining the concentrations, such
as variations in extraction efficiencies. Unless near the reporting limit, concentrations plus or minus 10
percent are considered to be statistically valid. Concentrations exceeding the estimate by more than about
20 percent are indicative of contaminated areas and, in table 1, are shaded in those instances for which the
differences are considered to be statistically valid. In situ water-quality data, measured trace-element
concentrations, physical properties, and chemical properties of the bottom material are arranged by basin
and are listed in appendix A, tables Al 1o A6.

Pearl River (Pearl River BasIn)

Sites 1 to 3 on the Pearl River were located in the northern and central areas of the basin. The other
six sites were located on the southermn reaches of the river and distributed evenly between the eastern,

middle, and western branches of the Pearl River (fig. 3).

The highest concentrations of all trace elements in bottom-material samples collected from the Pearl
River were detected in samples from site 7 (table 1). Samples from site 8 also had high concentrations of
all of the trace elements except mercury and selenium, compared to samples from the other Pearl River sites.

Sites 7 and 8 tended to exhibit higher trace-element concentrations in bottom material than were
estimated for most of the trace elements analyzed, with the exception of copper, lead, and seienium.
However, only sites 7 and § were identified by the nickel trace-element equation as sites that may be
adversely affected by human activities. Concentrations of nickel at sites 7 and 8 (17 and 12 mg/kg)
exceeded the estimated background nickel concentrations (12 and 7 mg/kg) by 29 and 42 percent. The
nickel equation utilizes Ex.Fe, mean grain size, and manganese as independent variables; therefore, nickel
is strongly correlated with these sediment characteristics. Although the measured manganese concentration
at site 7 did not differ substantially from manganese concentrations at the remaining sites, mean grain size
was lower and the Ex.Fe concentration was substantially higher than at the other sites (app. A, table Al).
Site 8 also had a substantially higher Ex.Fe concentration than the other sites.

Sites 7 and 8 were located on the Old Pearl River and the Middle River, south of U.S. Highway 90.
As the surrounding area is sparsely populated and has little or no industry, the primary sources of nickel and
other trace elemenis are unknown.

Tickfaw River {L.ake Ponichartrain-Lake Maurepas Basin)

All nine sampling sites in the Lake Pontchartrain-f.ake Maurepas Basin were located on the Tickfaw
River with the exception of site 7, which was on the Blood River about 3 mi north of its confluence with the
Tickfaw River (fig. 4). The Blood River is a major contributor of sediment and water to the Tickfaw River.
For this reason, site 7 was selected to identify any appreciable differences between the two rivers.
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Measured trace-element concentrations in bottom material did not significantly exceed the estimated
background concentrations at any of the nine sites sampled along the Tickfaw River and Blood River
(table 1). The low trace-element concentrations are indicative of the lack of industry, urbanization, and
related trace-element inputs within the basin.

Bayou Lafourche {Mississippi River Delta Basin)

Bottom material at nine sites on Bayou Lafourche was sampled for trace elements and chemical
properties, and field water-quality measurements also were made at each of the sites (app. A, table A3).
Sites 1 to 5 were located in a reach of the bayou that is more densely populated than the downstream reach;
site 1 was in downtown Donaldsonville, sites 2 and 3 were between Donaldsonville and Thibodaux, site 4
was within the city limits of Thibodaux, and site 5 was on the south end of Golden Meadow (fig. S), Site 6
was 1 mi south of the gated hurricane protection levee system below Golden Meadow. The remaining three
sites were on or in the gulf outlet area on Belle Pass, Pass Fourchon, and the main stem of Bayou Lafourche
just north of Belle Pass and Pass Fourchon,

There are many sources of trace elements in and around Bayou Lafourche because of the numerous
towns, industries, highways, and bridges in the Mississippi River Delta Basin and the extensive use of the
bayou as an avenue for boat traffic. Most of the bayou is bound by La. Highway 1 1o the west and La.
Highway 308 to the east (fig. 5), and there are numerous bridge crossings along the bayou’s reach, The
banks of Bayou Lafourche, especially along La, Highways 1 and 308, are very urbanized and support many
marine, petrochemical, and fishing industries associated with the bayou. In addition, farmlands are present
behind the towns along Highways 1 and 308.

The physical and chemical characteristics of the bottom materiat are substantially different at sites 7
t0 9 than at the other sites (app. A, table A3). The mean grain size is much greater, ranging from 76 to 119
pm, as compared to 15 to 24 yum at sites 1 to 6. This is counter to the usual patiern in coastal Louisiana
streams, where mean grain size decreases toward the mouth. This may be caused in part by dredging and
channel maintenance activities in the channels and passes near the mouth. The concentrations of iron and
manganese oxide coatings also are much lower at sites 7 t0 9. The combination of reduced surface area and
lower concentrations of oxide coatings results in fewer available sites for trace-element adsorption,

Trace-element concentrations in bottom material tended to increase in sites 1 to 6, and decrease in
sites 7 1o 9 (table 1). These data may indicate that urbanized areas (sites 1 to 6) in Bayou Lafourche are a
more likely source of trace elements than the industrialized area (sites 7 to 9); however, the comparatively
low concentrations of trace elements at sites 7 to 9 also may have been due to the effects of salinity. Based
upon the specific-conductance data collected at the sampling sites (app. A, table A3), the freshwater-
saltwater interface appears to be located between sites 5 and 6. Trace elements tend to precipitate out of
suspension at the interface, which could explain the lower trace-element concentrations downstream from
the interface, at sites 7 10 9 (Forstmer and Wittmann, 1981, p. 191-194).

Elevated concentrations of arsenic and copper were detected in bottom material at sites 2 to 6 in
Bayou Lafourche (table 1). Arsenicis strongly associated with chemical production and agricultural runoff,
Copper is used extensively by the electrical, metal-working, paper-producing, tannery, and refinery
industries. Sites 2 to 6 represent various land uses and cover a large part of the Bayou Lafourche study area,
Given the many possible sources of arsenic and copper between sites 2 and 6 and the extent of the area
affected, a single point or nonpoint source is unlikely.

22



Concentrations of lead in bottom material at sites 4 and 5 (50 and 57 mg/kg) exceeded estimated
background concentrations (31 and 28 mg/kg) for these sites (table 1). Site 4 was at Thibodaux and site 5
was at the town of Golden Meadow. Municipal operations, surface runoff, burning of leaded fossil fuels,
and several industrial activities are possible sources of lead. Although use of leaded fuel has declined, its
past use and subsequent association with bottom material is still evident.

The mercury concentration in bottom material at site 5 (0.20 mg/kg) significantly exceeded the
estimated background concentration (0.06 mg/kg) for this site (table 1). The site was iocated on the south
end of Golden Meadow, which is heavily used by the fishing and marine industries. Although mercury is
commonly associated with the chemical industry and agricultural runoff, mercury also can be associated
with marine antifouling paints, ocean dumping, and dredging (Lyman and others, 1986).

Zine concentrations in bottom material at sites 1 to 6 were identified as affected by anthropogenic
sources. Zine is a common trace element in corrosion-resistant paints and is also associated with pulp- and
paper-producing industries. Bottom material at sites 2 to 6 has been affected by several trace elements.
Given the fact that most of the urbanization along the bayou is between sites 1 and 6, urbanization is a likely

source of trace elements to the bayou in these areas.

Botiom material at sites 2 to 6 appears to be more adversely affected than at the other sampling sites
in the Mississippi River Delta Basin. Four trace elements (fead, mercury, nickel, and zinc) exceeded the
ER-L in the reach of Bayou Lafourche between sites 2 and 5, as listed in the table below:

Lead Mercury Nickel Zinc
ER-L (mg/kg)
35 0.15 30 170

Measured concentration (mg/kg)

Site {dash indicates concentration less than the ER-L}
2 —_ — 38 —
3 38 — 38 —
4 50 — 35 —
5 57 0.20 e 208

This supports the results from the estimation equations indicating that Bayou Lafourche is adversely
affected by trace elements in arcas upstream from the saltwater-freshwater interface. Agricultural runoff
and urbanization, especially in the upper parts of the basin, and marine and fishing industries in the lower
parts of the basin, are probably the primary contributors of trace elements to Bayou Lafourche.

Vermilion River (Atchafalaya-Teche-Vermiiion Basin)

Bottom material at nine sites was sampled for trace elements and chemical properties and field water-
quality measurements also were made at each site along the Vermilion River (app. A, table A4), from the
La. Highway 729 bridge (site 1, fig. 6) south to Vermilion Bay. The northern and central reaches of the river
were represented by sites 1 to 5, and the southern reaches by sites 6 to 9. The northern and central parts of
the basin are the most urbanized areas; however, the southem part of the basin also has smaller areas of

urbanization (fig. 6).
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The concentration of arsenic in bottom material at site 7 in the Vermilion River (8.4 mg/kg) was
identified as being above the background concentration (6.8 mg/kg) for this site (table 1). Site 7 was about
0.5 mi south of the Intracoastal Waterway. Arsenic is associated mainly with chemical production and

agricultural runoff.

Sites 2 to 6 along the Vermilion River had elevated concentrations of copper in botiom material.
These sites were primarily in and around urbanized areas. Industry, municipal operations, croplands, storm
sewers, petroleum storage and transport, and surface-water runoff are suspected sources of copper contam-
ination (Louisiana Department of Environmental Quatity, 1990). These are also potential sources of several
other trace elements.

Lead and zinc concentrations in bottom material at site 2 (36 and 141 mg/kg) also were above
estimated background levels (25 and 76 mg/kg) for this site (table 1). The lead concentration (36 mg/kg)
exceeded the ER-L threshold concentration (35 mg/kg), as well. Site 2 was located on the south end of
Lafayette. Considering the extent of urbanization around and north of site 2, the City of Lafayette and its
associated industry, croplands, petroleum activities, and surface runoff are likely sources of lead and zinc to

the river.

Measured concentrations of zinc in bottom material at sites 2 to 8 exceeded the background
concentrations defined by the zinc estimation equation. Sites 1 to 6 represent the most urbanized areas of
the Vermilion River. Sites 7 to 9 were south of the Intracoastal Waterway in an arca mainly used by the
fishing and petrochemical industries.

The measured trace-element concentrations at site 9 were not considered to be significantly elevated
above estimated background concentrations; however, concenirations of six trace elements at site 9 were as
high as or higher than concentrations at the other Vermilion River sites. This finding is not unexpected,
because the Ex.Fe and Ex.Mn coatings and the surface area at site 9 are substantially greater than at other
sites. Nickel at site 9 (31 mg/kg) exceeded the ER-L threshold concentration (30 mg/kg). The DEQ (1990)
cites the suspected sources of elevated trace-element concentrations in this southern area of the Vermilion
River as industry, agriculture, petroleum activities, and dam construction.

Caicasleu River (Calcasieu-Mermentau River Basin)

Samples of bottom material were collected from 10 sites along the Calcasieu River (fig. 7) and
analyzed for trace elements and for physical and chemical properties (app. A, table AS5). Field water-quality
measurements also were taken at the sites, which were located from 2 mi upstream from I-10, north of the
city of Lake Charles, to the Calcasieu River outlet into the Gulf of Mexico. Half of the sites (sites I to 5)
were north of the Intracoastal Waterway, which crosses the Calcasieu River just above the north end of
Calcasicu Lake (fig. 7). Site 6 was at Devil’s Elbow on the Intracoastal Waterway. The remaining four sites
were in the central and southem reaches of the river.

Demas and Demcheck (1988) reported on the fate and ransport of synthetic organic compounds and
trace elements in the lower Calcasieu River. During that study, barium, chromium, copper, mercury, iron,
and manganese were measured in deiectable concentrations in water and bottom material. Previously,
during the early 1970, concentrations of chromium and mercury had been detected in the water, bottom
material, and biota. Results from the 1988 study indicated that the area between sites 3 and 4 has been
heavily affected by human activities.



Sites 2 1o 4 on the Calcasieu River were between the south end of the city of Lake Charles and about
3 mi below Prien Lake. Botiom material sampled at these sites had copper concentrations above estimated
background concentrations (table 1). In addition, lead concentrations at sites 2 10 5 (1 mi north of the
Intracoastal Waterway) exceeded the estimated background concentrations. Industry, urban runoff, and
unknown nonpoint sources are listed by DEQ (1990) as possible sources of elevated trace-clement
concentrations in this area. This area of the basin is used mainly for industry, fishing, agriculture, and
navigation, all of which are potential sources of trace elements.

Mercury concentrations in bottom material at sites 2 to 8, identified as being above estimated
concentrations, were the highest mercury concentrations determined during the study, with the exception of
concentrations at two sites in Bayou Lafourche (table 1). Mercury commonly is associated with fertilizers,
paints, batteries, and biocides. Sites2 1o 8 are distributed over a large arca of the Calcasieu River,
suggesting that the elevated concentrations are the result of a widespread or long-term input.

Nickel concentrations at sites 9 and 10 (30 and 36 mg/kg) significantly exceeded estimated
concentrations (16 and 17 mg/kg) for these sites (table 1). Site 9 was near the south end of Calcasieu Lake,
and site 10 was at the Calcasieu River’s confluence with the Gulf of Mexico. Industrial, municipal, and
urban runoff are identified by DEQ (1990) as potential sources of pollution in these areas. The primary land
uses in these areas are industry, fishing, and navigation. Three trace elements (lead, mercury, and nickel)
equaled or exceeded the ER-L threshold concentrations at sites 2, 4 1o 7, g, and 10, as listed in the table
below, and, therefore, may pose a threat to biota at these six sites.

Lead Mercury Nickel
ER-L (mg/kg)
35 0.15 30
Site Measmed concentration (mg/kg)
{dash indicates concentration less than the ER-L]
2 40 0.19 —
4 45 47 _
5 67 — o
6 — 15 —
7 — 135 -
9 — — 30
10 — — 36

Sabine River (Sabine River Basin)

Nine bottom-material samples were collected from the Sabine River Basin (fig. 8). These samples
were analyzed for trace elements, chemical properties, and field water-quality measurements (app. A, table
A6). Site 1 was on Old River, a branch of the Sabine River, upstream from industrial areas near Orange,
Tex. Sites ? and 3 were within the industrial area surrounding Orange, sites 4 to 6 were in Sabine Lake, and
sites 7 10 9 were concentrated in the southern part of the Sabine River.
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The concentration of arsenic in bottom material at site 3 (12 mg/kg) was significantly elevated above
the estimated background concentration (7.3 mg/kg) (table 1). Arsenic is commonly present in many petro-
leum products used by nearby industries.

Bottom-material samples from site 2 also had concentrations of copper, lead, and zinc (22, 58, and
64 mg/kg) that significantly exceeded estimated concentrations (11, 13, and 34 mg/kg) (table 1). Lead at
site 2 (58 mg/kg) exceeded the ER-L threshold concentration (35 mg/kg). Site 2 on the Sabine River was
about 2.5 mi south of I-10 and 0.25 mi east of Orange. The town of Orange, on the west bank of the Sabine
River, supports marine, fishing, and petrochemical industries. These industries are all potential sources of
trace elements to the Sabine River. The Sabine River also is used extensively for navigation.

The zinc concentration in bottom material at site 5 (56 mg/kg) was significantly higher than the
estimated background concentration of 42 mg/kg (table 1). Site 5 was in Sabine Lake, about 5 mi from the
north end and 4.5 mi east of Port Arthur, Tex. Port Arthur is the largest port on the Sabine River. Zinc is
commonly present in corrosion-resistant paints that are widely used in the marine industry.

Interbasin Comparisons

Interbasin comparisons of trace-element concentrations should be made only with careful
consideration of the differences of the physical and chemical properties of the basins being compared.
Although the J.ouisiana coastal zone has a higher percent organic matter and finer-grained sediments than
other areas of the State, the substrate from Texas to Mississippi is not homogencous. One of the major
objectives of this study was to document the physical and chemical properties that make each basin unique
with respect to background trace-element concentrations. These unique characteristics make comparisons
difficult and possibly misleading. In the past, scientists and managers have made conclusions on whether
streams have high or low concentrations of trace elemenis in bottom material by simply comparing
concentrations among streams. This approach leads to misleading conclusions: for example, although
nickel concentrations in bottom material ranged from 14 to 38 mg/kg in Bayou Lafourche, and 1 to 23 mg/kg
in the Tickfaw River (table 1), neither stream is considered o have elevated concentrations of nickel using
the estimation method used in this study; however, the Pearl River, with nickel concentrations ranging from
2 to 17 mg/kg, is considered to have elevated concentrations of nickel at two sites.

A few general statements can be made on trace-element concentrations in bottom-material samples
from the six streams studied. Measured concentrations exceeded estimated concentrations for five trace
etements on the Calcasieu River and Bayou Lafourche, four on the Vermilion River and Sabine River, one
on the Pearl River, and none on the Tickfaw River (table 1). These stream groupings take into account
differences in grain size, percent organic matter, and types and amounts of oxide coatings (app. A, tables Al
to A6) among the basins. Therefore, the groupings may represent a ranking of the relarive amount of
contamination among basins. These groupings also correspond to clusters of industrial and commercial
activity, as the Calcasieu River and Bayou Lafourche have extensive petrochemical and shipping facilities,
whereas the area surrounding Tickfaw River is almost exclusively agricultural and residential. Thus, the
statistical analysis used in this study corroborates more traditional means of determining potential areas of
anthropogenic degradation, such as land-use delineation.

SUMMARY AND CONCLUSIONS

Six streams (Pearl River, Tickfaw River, Bayou Lafourche, Vermilion River, Calcasieu River, and
Sabine River) in coastal Louisiana were sampled for trace-element concentrations in bottom material during
1991-92. Nine samples of bottorn material were collected from each stream except the Calcasieu River,



from which 10 samples were collected. The samples were analyzed for 10 trace elements: antimony,
arsenic, chromium, cobalt, copper, lead, mercury, nickel, selenium, and zinc. The minimum and maximum
concentrations, in milligrams per kilogram, of each trace element and the stream in which they were
detected are as follows: antimony, less than 0.1 (Pear] River) and 1 (Bayou Lafourche); arsenic, 0.3
(Tickfaw River) and 16 (Bayou Lafourche); chromium, I (Pearl River and Tickfaw River) and 71 (Bayou
Lafourche); cobalt, 2 (Pearl River and Tickfaw River) and 15 (Bayou Lafourche); copper, less than 1 (Pearl
River) and 53 (Bayou Lafourche); lead, less than 1 (Sabine River) and 67 (Calcasieu River); mercury, less
than 0.01 (Pear] River) and 0.47 (Calcasieu River); nickel, less than 1 (Sabine River) and 38 (Bayou
Lafourche); selenium, less than 0.1 (Pearl River and Sabine River) and 0.9 (Bayou Lafourche); and zinc, 1
(Tickfaw River) and 208 (Bayou Lafourche).

No standards for trace-element concentrations in bottom material have been established; however,
effects range-low (ER-L) and effects range-median (ER-M) values represent 10th and 50th percentile
concentrations that, when exceeded, may produce adverse reactions in biota. Concenirations below the
ER-L indicate a minimal adverse effects range. Concentrations between the ER-L and ER-M indicate a
possible adverse effects range, and concentrations above the ER-M indicate a frequent adverse effects range.

ER-L and ER-M concentrations, in milligrams per kilogram, for 8 of the 10 trace clements
determined in bottom material for this study are as follows: antimony, 2 and 25; arsenic, 33 and 85;
chromium, 80 and 145; copper, 70 and 390; lead, 35 and 110; mercury, 0.15 and 1.3; nickel, 30 and 50; and
zinc, 170 and 270. The trace-element concentrations in bottom material from the streams were compared
to the ER-L and ER-M threshold concentrations, No samples exceeded the ER-M for the eight trace
elements for which ER-M values are available; however, in samples from Bayou Lafourche, concentrations
of lead (38 to 57 mg/kg), mercury (0.20 mg/kg), nickel (35 to 38 mg/kg), and zinc (208 mg/kg) exceeded
the ER-L threshold concentrations. In samples from the Vermilion River, concentrations of lead (36 mg/kg)
and nickel (31 mg/kg) exceeded the ER-L threshold concentrations. In samples from the Calcasieu River,
concentrations of lead (40 to 67 mg/kg), mercury (0.15 to 0.47 mg/kg), and nickel (30 to 36 mgkg)
exceeded the ER-L threshold concentrations. Only lead (58 mg/kg) exceeded the ER-L threshold
concentration in samples from the Sabine River. Samples from the Pearl River and Tickfaw River had no
concentrations that exceeded the ER-1. values.

All bottom material samples were analyzed for physical and chemical properties that affect trace-
element concenirations: grain size, surface area, organic matter, and iron and manganese oxide coatings.
Mean grain size typically decreased and organic matter increased in a downstream direction. Each site,
however, had a unique set of physical and chemical factors affecting the distribution of trace elements.

Multiple linear regression equations were used to estimate background or naturally occurring
concentrations for 10 trace elements based on the physical and chemical properties of the bottom-material
samples. These estimated background concentrations were compared 1o measured concentrations from
sampling sites. This technique is valid in those instances where the measured concentrations are sufficiently
above the lowest level of detection that the analytical technique used produces a high degree of confidence
in the reproducibility of the results. Where such conditions existed in this study, measured trace-element
concentrations exceeding the estimated background concentration by 20 percent or more were identified as
being significantly clevated.

Trace-element concentrations varied in samples from the six streams, Measured concentrations in
bottom material exceeded estimates for five trace elements (copper, lead, mercury, nickel, and selenium) on
the Calcasicu River. Of these five trace elements, elevated mercury concentrations were the most notable,
with concentrations ranging from 0.11 to 0.47 mg/kg at seven sites, compared to estimated background
concentrations of 0.03 to 0.06 mg/kg. Similarly, measured concentrations exceeded estimates for five trace
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elements (arsenic, copper, lead, mercury, and zinc) on Bayou Lafourche. The elevated concentrations in
Bayou Lafourche all were located upstream from the saltwater-freshwater interface. Increases in the ionic
strength of the water column at the interface apparently has caused organic matter and associated trace
elements to precipitate, resulting in low trace-element concentrations in the bottom material downstream
from the interface. Measured concentrations exceeded estimates for four trace elements (arsenic, copper,
lead, and zinc) on the Vermilion River and Sabine River; one (nickel) on the Pearl River, and none on the
Tickfaw River. These stream groupings take into account differences in grain size, percent organic matter,
and types and amounis of oxide coatings among the streams. Therefore, the groupings may represent a
ranking of the relative amount of contamination among the streams. These groupings also correspond to
clusters of industrial and commercial activity, as the Bayou Lafourche and Calcasieu River have extensive
petrochemical and shipping facilities, whereas the area surrounding the Tickfaw River is almost exclusively
agricultural and residential.

Determining the estimated background trace-element concentrations for these six streams will assist
in identifying areas of trace-element contamination. This information will provide a base from which to
monitor the trace-clement concentrations in bottom material in the future.
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APPENDIX A
Measured trace-element concentrations and physical and chemical properties for bottom material and selected

water analyses for six streams in coastai Louisiana, 1991-92

31



06 Al '§'N

oy 1410 L ¢ 4 > A 1 ¥ i £ £ g I JOIMOS I g/ PIEMBYD ALY [ 1S9M,
44 60007 80T 67T 113 r Z1 w L ¢ 8 1z I'e £ 06 “AmH "} JO YINOS SA[FUI ¢ ‘12AlY IAPPUA
#3puq
Le IO €8 gy 59 e L1 O €l 6 IT 6t 8y ¢ (6 A% "§'[] Jo 1paos a1 g/ [ 13y (2 PlO
80 YOO 3 ) 6 U s 1) t 4 14 9 ) U 93puq 06 “AMH "§TN) JO (InOs affw 7/{ ‘1eary [waq
s%pug
60" LOO 6 Ut tL > 9 (41 € Z b4 L 01 r 01 "AME STEISISIUY JO IINGS SIEUE ¢°T ‘1oAY [FB3Y
01 AnH
w £l or (4 £ > 9 10> I 1> £ 1 9 > BISIANU] JO YLIOU S[{LW /] *3ALY [Wa 159M
onry) enSog
fi) [e4)) 9 ¥ S > € > £ C 3 £ A A LM SDUIMPUOD I JO INOS $3][ T “ISARY (Tead
[£1) S000° wr (A £ i £ o (4 > Z I ¥ U 33plq 97 "AMH e JO YUOU FUE g/[ “IRALY [Teay
[0t 90000 WO T0 [4 'e> ¢ 160> | > £ I ¥0 10> 23plq g7 Amp "B JO YUOU SI[NU ¢ U2A1Y [Heaq
m W m.. W mJ... W MuN.. W m .mu M m W W uopduosap pue Jaqunu ag
2 o 2 b E] T a a -] o c ] 5
= g I =3 - .m ] = 3 m 3
I3 5 3 5 2
-]
waosad yBlap weiBopy ted swaabjw

{ur3 sod siomaw a1enbs ‘3/,w tsowworota wd v ssap > ‘AemyBry “AmpH]

166 '12-0Z eunp (uiseq lany pead)
IBAIY |iB8d 10} SBsAleuR J8lem palls|es pue [enslew Wolloq Jof seiuedod jeoiwayd pue jeoaisAld pue SUOHELUBIUOD JUBe|s-80R)] PBINSESH LY BIGEL

32



06 AW "§711 Jo qInos

0tt 078 orZ &5 c8 ¢ 99z 1% =4 > > g T ¥ S[ILL §/T TPUHRYD I2ATY {I83ad 159M,
06 A8H 'S

19 o'y OpS g 14 14 992 8¢ 3% Z1 > 6L L 9T JO IR0 SIUL ¢ I2ATY SPPIN
a3pq (6 AH '§'A

<6 000’8 06F ] 081 £91 j14t V5 89 17 > 154 oe 9L Jo nos S{1er gff 1Ay [1B3d PIO
o8prg g6 “AmH "0

or 008'T 0L o> 0LE ¢l 182 1 6 g > il L L1 Jopnas {1 7/ "2ary [Feed
o8puq 1 “Amy 1RSI

0L 00Z'T  00L s O¥E €T 8.7 I 01 9 1> & 14 €1 Jo pnos sajuu ¢°7 ‘aaTy [Tead
Q1 ‘Am[ 21eISIa1Uf

0Z1 06t ovl 001 0€ ¢ €8T > 1> 1> i» 1 o [4 JO 10U S 7/ J9ALY 1B 1S9
ONYY) SNFOF LM IIUBN[UCT

0oz 0L 08¢t ori 0L 9 981 6 > > = 4 r ¢ St JO INOS SI[UU T “I3aly [F83 ]
33puq 97 AmH e

(A3 00T 08 oz 174 1 1Lz 1> > 1> > U & v 0 yuou aynr ¢/ ‘ALY [1B3d
o3puq g7 “Amy e

007 00L 08¢ 0t 4 €0 POE 1> > > 1> 10 00 20 JO 10U AL ¢ “Toaly [Rad

u'xy e4x3 fQfeded *ouw Touwes  (Bopw)  {um) unigzL wyigg umigp wmig [epalewl  uoqued  uopjull uopdIoSap pUB Jaguunu 9g

eais az|s oueBlo omeBio uossoy
sosung Upeib FETTTYSY B10],
ueayy
weiBopy sod sweiBiiN uay) ssaf azps ujeiS jeoiad wibam

yym ajdwies jo abeiuadiad

penulOD—1661 ‘1 2-0g sunp {uiseq 1say Lesd)
19A1Y B84 10} sesAieue IBjeMm pelosies pue [yl Wopaq toj seiuedold [eoiusyo pue jeolsAyd pue SUCBUSOUCD JUSWS[e-90 Y paInsesy “LY alqel

33



06 AMH SN

34

LU's 8¢ 6LT 6L £9 9 99 99 8T JO 1os [t gfY [RURyo JaAny [Iead 159m
AY og ST 'z ¥9 £9 (43 el 9 06 "A«H "$'() JO YINOs SI[IW ¢ I2ATY (PPN
a3plig
¥ Ly 1'8C T ¥9 i'g £L LL g9 06 "A4H "1 JO YIN0S jlu §/] I3aly [¥ead PIQ
¥e Sy 692 ¥'oz £9 £9 ¥L 1 9y 23puq (6 AmH 'S} JO YINOS B[ 7/] U9ATy {Fead
o8puq
e 6 €8 6'9C £9 15 Sl 69 L'e 01 "Am 21EISI21U] JO [INOS SN §'7 “19ALY [Fead
01 Amy
L's 6¢ (414 (414 7o €9 89 89 ¥ SIBISISIUE JO YHOU 1L 7/ T2ATY [Fead 15opm
oy andog
6% 6 98T 9'8Z Vo Vo 0L 0L L [ila 9OUSNHUOS 3 JO [NOS SN T U2aTY {e3d
9g 98 £LT €L 9 19 9s 9¢ 24 adpuq 97 “AmH "B] JO YLIOU AR /[ ‘ALY [{eag
96 9% LT £LT £e 9 65 09 ST 23plig 7 "“AMH Y JO (IOU SI[IW G “IDATY 1
a%efing  wolhog sosung  wonog @oBung  woypog @ompung  wonog w._u—ME uy uondyjiosap pus Jaqunt ayg
‘yidaq
=y snispy) ssoibap u) Hd lajawiues jad
Jad sweibB)u uy ‘amyeiadua) SUBIB| SO0 U}
‘uabBAxo panjoss|q ‘FouRONpuUod
Jjjeadg

penuiuod--1661 '12-02 sunp ‘(uiseq JeayY |1ead)
18AlY [ie8 ] J0} SBeSAlEUE 1ajeM Palos|es puR (BlLiejew WORoY I0} seiuedoid [eoiwsyo pue [eaisAyd pue suoljesjusduod Juswa|e-sorl) PAINSESI LY SIqBL



9 80" ¥ 9'c IL o 61 60 £z 7l H v L'y L sedarney a2 JO YLI0U AN /T TRATY MBIHOL],
Lv 1) 87 'L 06 9 £C &0 6T 9t 11 LS 69 g SIaary AuBgeIEN UE m2R{oL], JO J3USRYUOD 1Y
¥ 81} g1 (A4 79 ¥ ¢i 1) 7 It 8 6¢ 8't 9 JBATY MEPYOLE JU1 jO [IOU SaltI ¢ I2ATY POO[Y
i W 0T LS 9 ¢ g1 80 [/ It 6 (44 4% " SIATY POO[E PUE MED{DL], JO 30UaNPUOD 1Y
I2ATY pOOIH YliM 30USTJuOD
74 oW 8 LT €T £ 8 218 o1 G ¥ 81 7'l e a1y uiozy wreansdn Sa{IUr ¢ “IaAlY MEINIL],
£ 11 r 4 T I (A 10 £ i [4 1 £ I 33pLIq T AMH BT JO 1AR0S S[IUL | IRALY MEBINILY,
S0 1 T ¥ € 13 £ £1) € I [ T ¥ T o8puq 061 AmH "S (1 18 JOATY MEPDLL
28pug
1203 W v T I T I i ¥ I Z i ¥ I 91 "KM} "8 JO YINOS S T ISARY MBI,
0o €00 £0 <0 9 0 t we ¢ € € € Lo 1o 33pLig g¢ KmH "o 18 IaALY MEPRLL
= uond
m W 3 ..uuw m mru W W m. .Wu m m W .mM pduossp pus Jaguinu ajg
2 @ 3 ° ] z g a g g g g
c S 5 3 2 .m .m = 3 5 2
g E : : 2
juaosad ybBem wesBopy lad swead|nw

[ures8 sad sia39ur arenbs ‘87w tsrotoumarot ‘unt emyBip VA

1661 ‘62-2 1 Aepy ‘(uiseg sedsinep exe-ueIilBYSIUC 8%e])
1oAlH MEDDL] 10| SesAjzUe Jejem palos|es pue [eualew woyoq 1o} seiyedoid [eoiuayo pue [rolsAyd pue sUOILRIUSIUCD Jusla|a-ooel} painsesy "2y alqel

35



sedame]y aye

078 00001 009'¢ 001 000'T 607 tC €6 88 Gr < |2 I'e TOL  JOoU S /] Ioaly MEPHIL], 4
S1aALy AUEQIEIEN

09%  006% 005'€ 18 00g'l 1'82 T <6 £6 S 6 €L 87 I'oL pUe MBIYOL] JO IVUINYUOS 1Y §
12ATY MEBRYOL],

09€  009% 0ot'1 4 0LL [A 21 1T 96 o6 Sy € (A 91 69 Y1 JO IOU SIML ¢ “Loaly poolyg [
Saaly poolyg

09€ 0089 006°1 se 001°t 90¢ ) LL ¥L Ly ¥ &< T 08 PUE MEPIOL] JO 22URD[UOO 1Y g
1aaby poojg
314, OURRJUOS DY) WIOL]

09€ 09’y oor'l &3 0LL £9 061 05 Ly 8Z Z €T 9 6T weansdn S ¢ IATY MEPPL], ¢
33pug 7y Any 2]

06 vl 097 114 SL & 78T 1 I > > T I T JOIN0s oL [ “I3AlY MBPYOL, ¢
28pug

96 OLL 0LT 0t 001 9 067 9 g [4 > & T L 061 AMH 'S} 18 1oaly MepPpLL, €
3BpLq 91 AmH v}

0L 1] 24 g6 or €e ¥ PoL > > 0 0 T T 1y Jo ynos sofi 7 1ty mEPRL], T
sdpuq

01E  00g' Oy rad &8 orv 6 < 4 |4 1> o 10 <o 8 AMH "B 18 IoAly MEPPL], [

UN'X3 agx3 Spfegeq Zouw  Coupey (Brw)  (umd) uricgzr wrgg unigp, wrz lepolel  Uoqusn  uopjuby uolidunsap pus Joquinu )G
BaIB 2|8 ombio oeBio uo sso
soBung  ujeud 180 1m0}
usapy
weiBoypy 1ad swesBw ueyy] ssa| 9z uiB tuacsad 1yBlap

Yim ajdwas Jo ebejuaiag

penuuOD—L66) ‘62-/ | Ay ‘{uiseg sedeineyy exe-UleILBYOIUOY BYET)
10Al MEDIDL| 10} SBsAjeu 1elem Peldsles pue jeuslew woloq 1o} seipedoid [eorUsyd pUE [ea1SAYd pUE SUOHBIUBOUOD JUSiUS|e-80.I} PaINSEsly TV B|qelL

36



€1 st 8'9¢ T 8¢ g¢ 8L 9 oy sedainely 93eT JO YLIOU [ /1 ‘Joaly MEDIILL 6
4 ¢ vz [AY4 8¢ ge 06 ce gc SIAATY AUBQEIEN PUB MELYIL], JO 0USTPUOCD 1Y 8
g 5 152 L'ye ¢S ve ¥9 19 0¢ Toaly MePOL], 911 JO YHOU Safiul ¢ “Iaaly pooiq L
£T Ve st LT 1Y e 8¢ £< oy SI2AlY POO[{ pUE MEDOL] JO S0UN[U0I Y )
I3ATY POO[E UM SOUSN[UOD
Le Lt SVe 174 £e [ 8¢ 123 9y oyl woy weansdn s3[iW ¢ IaTy MEPOLL s
Ls 89 £'eT SET 6 1% i9 09 LT 23piq 7 AMH "e7] JO LRA0S S | TIATY MEBPIOLL, ¥
[ L 81T 612 19 &9 LS LS gt oBpLIq [ AMH "§(] T8 19AR] MEPOLL, £
vL 9L 81z 81T 09 s 8¢ 8¢ & S8pLq 91 AMH "B JO 1008 SIIUL T “ISALY MEPOLL (4
L &L T T Le 8¢ LS 8¢ ¢l o3puq g AMY "B 12 J9ATY MBRIOLL !
aomryng  woleg soppng  woueg aoBNNg  woliog aoBuNg  wWouog m.mmwmw_n uj uopduosap pue fequinu alg

3y

1ad sweaB|ue
‘uabBAxo paajossig

snise) seatbap u|
‘aimueladuwal

Hd

1olewjuen ad
SUIIB|SOIOW U|
‘asueonpuod

dfjioadg

JOAIH MEJMOL] 10} SoSAjEUR JBJeM POl0s|as pue jelaje W woloq Jo} seiuadald [eolwayd pue [eaisAyd pue SUOJIBUSSUOD JUSLLB[3-8JB] PaINSEsi "2V algey,

panuiueD--1661 ‘62-2 1 Ael '(uiseq sedainely exej-uleileyouo BYeT)

37



9T 24 6L Ve 99 £ 0z 1203 Li A 6 8t e < wEu ‘sseq Afog
UOYNOg
(£ 20 81 6v 89 e 61 30 Li 111 6 t 9e ¥ SSEJ pUe s5ed 2[]3§ 2a0qe sydInofe] noleq
sl oy {18! oy r U Fi i Zl 12 L 81 [ ¥ o[ *23pLsg voyomo, ssed
B ‘MOpesA Uaplon) Jo pnos S8pug
12 S0 6C (4 €91 9 6T 60" 1€ 9E £l LS 06 L 80€ "AmMH 27 JO [pNOS offur g/| “aydmoje] nokeg
B ‘MOpBIjy
9¢ co’ ¢ g9 80T g 6T 0T TAY 124 £l 6< 001 ) U3p[oD) 'B()E "KMH B 18 ayaInoje] noseqg
"] 'XNEPOQIY |, UMOTIMOD
123 ot L't UL £Sl & 149 60" 0s I el OL 051 g o Jo YHOU 193§ ()1 INOGE “ayoanofe ] nodeq
& *XNEpOgL],
oF 60’ 8't gL 6t & 8¢ i 8¢ e ¢l 1L o¢t o'l woy ureansda (10} Am} 18 2yoinoje ] nodeg
& o e €L pel 9 8¢t 80’ 123 62 ST 89 it o1 a8puq (o, AmH e 18 oydmojer] nofey
LED 800 £ 9¢ 6 0 9C 900 82 81 A 24 gL L0 BT "A[{IAUOSPIRLO(] WA OIIMOP “JidIno]e] nodeyg
= =¥ b N -t = r O [y > > d u
W 5 w > 5 M w... 3 o $ m.. g 2 5 uopdyosap pue lsquinu A5
2 Q 3 3 2 g & 3 8 g 3 3
£ B 5 £ g ~ 3 5 8
3 2 g 3 < 3 o 3
@ 3 3 -
o
waosad wybam wgaBoy sod swsIBHHN

{reerd sad sajam asenbs *8fur tsmawosius fund KemySy “Amp]

L1661 '92-¥e Judy {uiseq eileg Jealy iddississiy)
eyonoe nokeg 10} seskjeue Jojem peBies pue |euBlBW Woloq 10} selusdoid [eoiweyo pue [eaisAyd pue SUOIRIUSOUCS Juswe|B-808I} PBUNSEIY £V J|qeL

38



00t 00E'S 008'T sy 0L6 06 SL 0s 14 74 ¢ ¥y ) e Bz ‘ssed afeg
UOYO MO S5BJ pUB

0LT 0008 0e'T 6% 038 L'6 9L 99 ¥ €1 £ oy o1 LS sseg f[og 940qe AyoIR0jE] nokeg

O 008t 001t gl 0Ty €T 61t ¥4 el ¥ I 61 & £T 3] *98pHIq UOYOINO S84
"2 ‘MOpBIJY UIpjOD)
Jo pnos 38pLq gog AMH B

05y 000'YE 009'% 69 00v'1 el 61 L6 16 £g 3 99 e 86 3o yImos afi g/ ‘oymope | nofeq
¥ ‘“MOPBIN UaPIOD)

Oir  000°CT  008'S 19 009'1 £el 0c 96 68 195 01 os g1 L9 ‘80¢ AMH "] 18 aydimoje| nokeg
"B “XIRPOEILY,
UAOIUAOP “Tiam JO UOU

000 O00'PE OOL'L 601 80L'T 1'8¢ 9t L6 §6 9 8l Ve L '8 193] (] 1MOGE “SY2IN0JE] N0ABE
"] ‘xnepoquy ], wolj ureansdn

608 000°CT 0079 011 00L'1 £'5E 14 86 6 144 € 69 |34 06 ‘1101 ‘AmH 18 ay2unojer] nokeq
28puq

016 000'TL 000'S T4 0091 g0t el 66 86 19 £ L9 L1 £8 0L AwH o] 12 Syosmnoje] nodeg
"8} *9[{IALOSP[RUC(]

099  00£8 000°E vL 000°1 9y 14 66 L6 €s 9 9zI 't LEY UAOIUMOP ‘ayinofeT] nofey

uwx3 edx3 foleted Zoum Coumed  (Bpw)  (um) wrigzp unigg wrigp wrz  spelsw  voqued  uopjub uojidiosap pue iaquinu Ay
galy azls ojueBio oeBlo uoss0T
aogung e BYID jBrol
usapy

wesBoyy Jed sweaBun

usy) ssaf 9z ujgib

yijm ojduivs jo abejuaciag

juaotad ybapy

aysinojeT] noded 10} SeSA[EUR Jelem poloolas pue [eualeUL Wollog 10} sefkedoid [eolweyo pue jedisAyd pue SUOHELUSIUGS JUBula|a-adEL] PAINSESY "£Y 8fqel

PONUILOD—1 661 ‘92-FE 11dy ‘(ulseg eleq Jeny iddississi)

39



¥é v'é 0y LT L8 L8 00t'8 0082 I'g W3u ‘ssed afjog 6

UOYOMO:}
06 Ve (A4 L 47 98 '8 000°6T 000°0€ 's Sse pue $58d 3][ef 2A0QE SYANOJE] noARy 8
'L 8s A4 8Ye '8 o8 008'67 00L'0€ LT 1o} *93pLiq uoyomoy ssed L
"B} ‘MOPEIN USP[ON) JO 1pnos “a8puq
<L UL yet 8T gL L 0z9°1 00Z'9 VT 80 "AmH "¥] JO WINOS Jpur g/ ‘ayoInofe] nodeg 9
"B ‘MODBIN
89 9 6¥C LYe 'L oL ey < LT USpIeD) ‘B0E AmH "2 3 ydnojey nokeg <
"B “XORPOqMY [, HAONIMOp
09 09 oze 0Tz oL oL Y4 £lz <t "L JO [UOU 139 ()T 0GR ‘Sysinoje] noAey 12
"B Xnepogui],
9 Ly U1e ¥og 89 99 LLT wl ¥T woly wreansdn {101 AmH 1 2yomoje] nofey £
1Y ce 8'1e Lz oL oL £61 061 €1 o3puq @y, AmH "2 1 SydInofe nofegy Z
UL 8L L TL L TL 44} i gt "2 "I{AUOSPIEUO(] UMOIEMOP ‘DYIINOJE] noARg 1
20BHRS  wojog soBUNS  wojog aJBuNg  wonog agspng  wonog a._uuw_m_ uy uoyidiiosep pus JaquInu 3}S
‘yidag
] snjsn saaBap u) Hd Iapwguas jad
sad swaiblw uj ‘aimeiadway SUBUB[SOIO[W U]
‘uaBAxo panjoss|g ‘aouBlonpuUOY
Ajjeadg

PaNUNUOD—L66 L "92-v2 Itidy ‘(uiseq eye( oAy iddississipy)
8Ua.nofe nofeq 1o} sesA|eue 1elem peiIeles PUE [BlI8IEW WOROG 1o} setiedaid [eolWwayd pue jeasAyd puUE SUOIBIIUS3USS Juawe|s-eoel] paInsesiy "Cy alqeL

e

40



Azy] UOLTULIDA 18 ‘AemIdep [21Se0oenuy

8E o6t'l ge VL FiL 9 23 80 €L ST A P9 (A4 g JO IN0S S § “Iaaly UOLIIIESA
Aeg UOT[FUE3A 2THIT UL ‘AemIstepm
e 965 I 87 08 £ 51 aty 81 4! L ge 8¢ 9 [B1SE00ENU] JO YINOS SITIL 7 *IALY LOHIILIBA
ApmIsiesm
oy CL8 ¥ gy 76 ¢ 81 oy 6l 4! i1 e e L [BISBOORIIL] JO IIN0S S[TUL 7] "19ALY UCIIULIOA
ABMIDIBM
S £LS T e 611 1 174 Ly 6 ¥4 6 tF 89 g [EISBOORH JO (RIOU S[TUL 7/] “IALY UOFILIIIA
8¢ 099 LT &< 601 ¥ x4 Ly 0g 1z 6 8y 89 ¢ 8uisso1)) A2, I2}OUBY TE 12A1Y UOHTUIIAA
oy 919 L'z 09 LIt v £Z 90 T XA 6 6F L & 23puq 1 AMH "B 12 J2AY UOHIGHIOA
8& 174 €T gc Lot & 0T L 8¢ 17 L Gy 99 9 "B} UOUHA T8 JoALY UOHILLIDA
8¢ oL Le s 148 14 9z 80 9¢ SZ 01 34 e 9 23puq g70f ‘AMH 18 IOATY UOI[IULIIA
8€0 989 8¢ €9 16 vo jura o £ 74 01 4 9L 0 38puq 67/ "AMH BT 240QE I2ARY UOL[IULURA
= 5 ™ [ =z o o P >
m...m 5 3 2 s m = W m g m 2 2 1 uojidjiosep pus equinu s|g
=3 a 3 o ] z o a ] @ e E)
s = s - L
£
2 3 3 § 2
-]
uaosad 1yBlap weiBoyy sod swaiByiy

1By UOHIWIB A 10} sesA|BUR 18iem Peioe|as PUR jBliejBW WOoNog 1o saipiedo.d eojweyd pue [ealsAyd pue SUOHEIUSOLOS JUSlL(a-908]] PRINSEsiN "pY 9181

[eaep ou ‘(N *umsB 10d sisrows azenbs *5),w simewonn ‘ur tfemysry "Anpg]

2661 ‘2 Menuer-1g61 ‘91 Jequiade( ‘(uiseq uoliiap-8yos | -eAeeieyoly)

41



Reg
UOI[IULIZA 18 ‘ABMISIBA
[BISECORIU JO PNOS
pop't €1 00E'S 00t 00Tt 8L 4 26 (4 8T i 'L ot 101 SN G URATY UOHIUERA 6

Aeg UOTPIULIDA
U] Ut ‘KemIslep

[BiSEQORAU] JO IPROS
0TS g 0or'z iL 056 Lol (44 66 68 84 < ¢ g1 ¢S SA[AU 7 Uoaly UOIIULISN  §
ABMIDNBAN
[BISECORLU] JO NOS
GL9 8 006'7 otl 0ZL el 8T 96 8L 43 [4 (A4 g1 09 S /] ALY UOHIULIAA
ABMIdTBM
[RISECOEU] JO YUIOU
osy < oov'e Ly 006 sl ¥ 86 06 9t £ 'y gl 6¢ ST Z/] “Iealy UOI[IULDA 9
Sussor)y Ao,y
08¢ g 008'e 09 006 Ly 0T L6 88 139 L 6t Ll 9¢ Iojoueq 1e IoAry UOI[IUIaN ¢
98pLq ] AmH ]
0ss g 008'¢ LS 006 SLl 8 86 €6 L 14 Sy 0T 9 12 Iaaly GOIIULIA -
"B WO
oy A 0r't ¥t 004 Lyl 91 66 <6 9s £ 6% Tl g Te Iaalyf UOTIULRA ¢
98puq ¢/0¢ AmH
065 g 008t [4% 058 [A 4! 81 66 ¥6 g [A Y 0T L9 1B oAty UOMUIas 7
a3puq 67L AmH ®]
(9% 80 007’ 9¢ 0L6 661 T L6 06 [44 4 £s 91 89 9A0QR DALY UCHIULISA ]
upxy a4x3 fofegeqd Tpuw TOouWed (Br,w) (urrd) wrigzy unigg wumigy wnigz [gpeiel  uoqiso  uopiub]  uopdposap pue sequiny ang
BeIg az|s opueBio opebio uo ssoq
aosung  ujesd B0 oy
usol
wiesBojy 1ad sweiB)jnw uey) 533] azjs weasad Wbam

upeib gim ajdwes jo eBsjusdladg

PenUUOD—ZE6 | ‘2 AMIBRUBH-|§6] gl i6QUIeda(] ‘(UISeq UolIWIap-8Yoe | -BAe(ejRyolY)
Eam uolIB A 10} SBSAjRUR Jojem Paloa|os puUe [elislell WoRog 10} seadoid jeatayo pue [eosiyd pue SUOHEIUSOUCD JUsLLsje-aoR]] paInNsesiy by alq8L

42



"WOTIOG [SUUBYD PUE 9DBIINS I218Mm ROG 18 USYE] 29 O) SIURUILINSEI N JO] WAIOLIAS 10U Sea JUIS 1 Je 1atem jo ida(

Aeg uonruusp T ‘Kemislem

g0t 96 Le1 87l 08 LL 09¢'9 0959 0T [E1SRCORIH] JO {308 SITUL ¢ DALY LOI[IULBA 6
ARy UOITIULIGA ITNIT UL ‘ABmInNBpy
98 AN 8¢l (AN oL 1GN 091 1aN o1 [E1S80TRIUY JO IROS $O[HU 7 “1aALy UOI[Tlap 8
KemIarepg
'8 L8 Tel Tel L9 L9 009°1 0831 6t [2ISBOORAU] JO INOS 3T T/ “ISALY UOIIUIIIA L
Azausrem
£ (4 ge1 9'tl Lo L9 L8T 05T 91 [E1SEOIZIUY JO YIIOU S[HL 7/ “I3ALY UOIILLIBA ki
[ 1559 [A21 el L9 9G Eid} 1343 8¢ Fuiss017) ALD IOYOURY T8 IBATY UOH[IULIDA s
¥ oL YA 6TlL g9 Ls 9zt 174 6T 2a8pLq ] "AMH "B 18 12A1Y UOTTULIOA 1
s UL Y4\ 97l L9 99 0el 0cl 6T "B UOHIA 18 F3Aly UOHIULIDA £
66 Ls (AN [AY! 89 8'G 118 S1l 0¢€ 3BpLg ¢/0¢ KA H 18 241y UOLIULIGA [4
0s (4 6¥1 4 89 89 06 06 [ 93puiq 671 ‘AMH "B 940QR J2ATY UOYIULIGA 1
aoBlNg  wojog IVBUNG  WONOY ageung  wonog @J8UNg  wonog nﬁwwwzm u| uopduosap pue aguInu aig
“Eu
FEN T snsen seaibap i Hd isjawpuas Jad
Jad swesbpw vy ‘armsladwai SUBLLIB{S0ID|W U]
‘uaBAxo panjoss|q ‘aouRIONpUD
dljoadg

penuUUCO—Z66 | ‘g Alenuep-L66 ) ‘gL Jequiade( (uiseq UOHILIIBA-8103 ) -eAejelelory)
18Ny uOlflulia 10} sasjeue ielem Pejos|es pue [erejew woloqg 1o} seiuadoid (eolweyd pue [esisAyd pue SUORAUBOUOD JUSWS}e-808I] PRINSEIY Y aiqeq,

43



OO

Gt 059 6¢ ¥i L8 £ 9t o 5z Ll el (4 'L < J0 310 31 O 1[N0 j8 Ioaly MRISED[E]y (O
CONAy JO JIng o
6T 09 £e 99 8 (4 0t Ly [#A 14! [4 0c ¥'é s QUL T3IN0 A JO IOU Sa{iul  ‘axeT] RIS R]) 6§
Aerdaiep) [RISEOORIU] S
1% 691 ¥e 1’9 £9 £ 91 i T ¢l Cl 144 9°¢ 14 Jo yinos sofrut § ‘etz diys ‘oyeT] WISE2] §
ABMIDEM [RISEODRIL]
23 LT#4 7T 8¢ 19 14 81 St 124 €1 6 [44 9y ¥ S WOLY WEIHSUMOD SIIU § I9ATY NOISE[B]) [
143 Lot £7 8¢ 9 & 91 St e 14 41 44 [4Y ¥ MOGIT 5,[FAS(] 1e ABITE [EISEOOENU] §
Kemiomp [E1SROOBHU]
e 96T ST 9¢ 89 ¥ 153§ £ L9 8t &1 84 LY & 917 JO YHOU i | “IDALY MRISBO[R]) ¢
axe] uaild
g [£44 LT o 08 ¢ 118 ¥ N4 PE A % [ < WOI} WealSumMop SN 7 ISATY TRISEdE))
6l 6L L 9T Lz (4 9 i 61 8 S ¢l L't € IYRT] ULl 18 IaaTy Nalsedfe]) ¢
14 9ze Lt 9 18 L 31 6l oy 9 [4) £9 8¢ 9 SI[IRYT) 93] 1B Jaaly NRISEDd[E]) ¢
01 Aal sinsIsiuf
(AR A (11 [543 97 o 9 100 [ L 9 0T (A £0 wioly wreansdn sajiur 7 Iaary wisesfe) |
¥ > N = O 0 [0 P > uopduosap pue Jagquinu 3l
: fF ¢ £ § §f §F § & § § ¢ § ¢t !
3 o 3 3 m 2 e .W ® 2 % 3
€ =1 g ml 5 - = ..w-.. Y [+]
3 2 < E < E o 3
@ 3 3 =
o
Jeosed 1yBam weiBon} 1od sweabyiy

[mep ou ‘(N ‘umid 1ad siojou arenbs *3f,tu tsaatowort ‘ur {KwayBy] “An ]

1661 ‘Bi-£| Jequeides {uiseq isAl NejUBLIBN-NSISEDED)

lenty nelseojes) 10} sesAjeue jejeM POI0SIES PUR [BliS|BW WOKOG 10} setusdold jeoiusyo pue [eoisAyd pue SUCIIRIIUSIUCS UBLLs|a-80k ] PaINSESy SV 9|qBL

44



ONXIN IO RO

00E'S  O0E'S 098 87 ore ¥'8T (A4 ¥6 iL ¢l 14 Ty L &y 93 OWIIRNRO0IE Iaaly Baised®]) 01
ooIXa N
Jo Jing o4y qpul 1=(ino a1y
0oy 000y 00TT T§ 099 TLe 9 08 9L 09 7 'y ¥ $F  JOUMOU S § ‘axe] IAISES[E) 6
ABMISIEM [BISBOORLU]
91} JO INOS SofIL § ‘TIIRIEYD
00€'c  D0E'E 046 1% A et 9z LG GL St (4! vy g (Y diys ‘e nalsedE) §
ABMIOTRA
[B1SEOORIAL] 3] 1OL Wesas
o0¥'9  0ov'9 00F'T €T 0LS 891 5T 96 18 [4" Lz 9y £l 8¢ L Op S § IDATY NSISEO[R]) L
Moqrg
009'L  009°'L O0T'T  TT 059 oic 1€ 06 08 9¢ 8 ¢ rs L 5.[1a9(] & Ioaly RIISEOED §
KemIdlEpM
[e15BOOBLL] 3YL
00E'8 00E'8 0081 it 0cL €81 LE L8 £L 6% S ¢e Vi 69  JOOUINIW ] ISRy NATOE] €
ae] usnd WOy weans
008 00 01T SL 0e8 €T 13 06 6L )4 9 8¢ ¢l ¥i ~UMOP SH{I 7 "IBALY MRISEOR]) ¢
QoL 0oLt 0sT S 091 Ty 69 6% 62 [l [ ¥ g £e B USLL 18 IoAlY NAISED[E]) ¢
o0p'8  00¥'8  O0OK'T LI oy 8Ll 62 a6 8 8T 01 LL 0t L6 SI[Iey]) 9NET 1B JoATY RRISESED T
01 AsH
1e1s19iu] Wwoij wreansdn
a6 00T'e  OL8 9 Oty 6% £9 124 ¢ 61 i §e &1 0'¢ SO[ILU T I9ATY] MOISEIE]y |
upx3  a4xz Sofege4 JOul  SOuUWod {Bw}  {un) urigzy wnige wrgr uniz jBlelEW  uogees  uopub; uofidiJosap pue Jequinu ais
Baie az|s ojueBio oueBio uo sso
aospng  uead BUYIQ (13
usayy
wziBoyy lod sueaBlIN uey) sse] azjs uisLb jusolad 1wy

Yim spdutes jo abejuadiad

PBRUIUOG—LG6L ‘8L-/ 1 joqusldag ‘(Liseg 1ol NS LIS -NBISEDRD)

18AIY ne|seoje)) Io} SesAjeue 1jEM Pajos|Bs pUER [Bliejel Woeq o) seiuadoid fediwsld pue [eoisAyd pue SUOIERUSIUCD JUSLISS-80 ] PEINSES "GV 9iqBL

45



"HIONO] [SUURYD PUB 90BLINS IfEA Y104 18 UNE] 3] 01 STUSWAIASEOW JOJ JUIIDIJFUS JOU SBM 1S SIY) 18 J91eM JO mdag,

6t 18N 00c N '8 1GN 006°1¢ AN o1 OJX2A JO JInD 341 OTL 1IN0 1B I2ATY TIRISEO[R]) 01
OIxSW JO IRy
L's Ve 1og £6C £8 '8 008°0¢ 00L ¥ Lel S O 13(IR0 IS JO YIIOU $O[ILX g “30fe ] naiseaie) 6
Armiares [e1SeOOENLY
i'g gt e 00¢g T8 o8 00C'3E 005°0¢ o1 3 JO yinos sapiu g ‘[utreys diys *oxer] natseole)) 8
Kemtorepy [EISROOROU]
0% AN (4% 1N FL AN 00T'LY 1N Tl 91 WO URSNSUMOP SI[W 1 “JoAly NIISEI[E) L
6’9 §T FIE £0¢ §L £L 006'11 00L'61 LA M0q[F S, JIaa(] 18 Joaly RAISEI[E]) 9
AemIalepm
oL 9C |38 0ot oL ) 00r'el 009'LT 6Tl TEISEOORRLY SIf JO IO J[FHU | JRAlY fRIsEO[e) <
e}
L's g yoe 667 gL (A ore'6 00¥'$T eyl USLL] WIOY WEanSUMOP SI[IUL 7 “S9AFY nalsed[e)) ¥
' [ 60¢ Y T4 £L 69 0688 MT0L Ti I9eT] USLL] 1B I3ary] NAISEd[E]) £
£e I olg A oL 'L AR 006'+T 611 SalTeyT) 3B 18 JRATY DRISES[ED [4
01 ‘Amy
o'y 9Y 66T 6'8C ¥9 9 orL'l 00£°€ 81 SIEISIBIU] WL uransdn S 7 4oAry naises(e)) 1
spepung  wonog JJeung  woneg sopung  wolog aoelNg  ulopog ﬂmum.%n uy) uoyidyosap pue laquinu a}g
J._—
12 snse) saalbap u) Hd 1stewyuad jad
Jad sweBjiEju uy ‘aimeiadwa)] SUIWI|SOIIT )
‘uabBAxo paajoss|g ‘2oUBONPUCY
iseds

penuluog—1 661 '81-/ | Jequusideg (uiseg nejuswisiy-nalseoes)
18Alg neisedje) Joj seshjeue Jejem palos|es pue feusiell WOKO] 1o} seiliadaid [ealeys pue [eoisAyd pue SUCHEIUSDUCO JUBLUS|S-B0EH POINSES| SV SlqeL

46



SUI{ISEOD D3 [} 1as JUT

6T 60 LT g¢ 99 14 174 X 4 £l £l 34 98 ¢ UL "001XRy JO JIN) [RIM S0UINPUOD 37 Ioaly JUIqeg
e (AN £e L9 16 3 6 P [A> Ll ¥i 89 001 g youne} 7§ "AmH "8 JO [INOS SIILU & ISATY SUIQES
8T PO 0C 9y 6§ U 8 w 81 8 4! [43 09 ¥ youre] 78 ‘AaH B JO YHOU JFUL /] ‘9Xe] SUlgeS
A 2d3puq
ST e 61 194 se T €l (i) 81 8 111 3 Ve g 78 ‘Am} "o 2 JO ULIOU SS[R ¢ "R} AUGRS
X3, ‘MUY Ho JO 1582 SS[IUL ¢y PUB
0¢ 303 L1 L't 9¢ £ |38 £ L1 8 01 o€ [44 1 ae] 31 JO PUI YIIOU S} UFOX] SS[ILE £ ‘9B JUIQES
(4 113 L 'z (44 > = 21} > ¥ S %! 17 T 3eT] SUIGRS JO PUR YLIOU JUWIANXS 17 IAIY QUIQES
ABMISIEA
9t £0 <e 8¢ <9 1 [ 124 £ 81 31 [4Y 91 ¢ [eISEOOENU] JO YINOS SS[ILL {7 “I2ALY QUIES
cT w Tl (4 o ¥ L w 8¢ (44 8 T4 8 ¥ 01 A} 21ISINU] 3O YINOS S 57 “IRALY GRS
0v0 200 €1 ¥e 8¢ 70 8 €00 0z 9 [43 9T ¥t LAt Bnig SUSIGIN JO HIoU S[I /] Al PIO
M m M anvu wZ m ..ON.. W m. no.... m % m. W uopdiiosap pus jsquiny ag
= & ° 3 ° 35 § g & 2 & § 3§ 3
3 3 2 5 3 = T F ¥ 3
2 3 3 <
waosad yiap waiBoppy 1ad swetByw

[=ep ou ' tures§ rod simow arenbs .m\NE ‘suatarosotu ‘ur Ayl “Aapi

2661 ‘1£-08 yoiep ‘{uiseg jealy sulqes)
18AlH 8uIGeS 10} SBSAEUE Jojem Peloe|ss pue [eusleul WON0q 40} seiledeold [eoltuayo pue jeaisiyd pue SUCBIUSIUCD JUelWS|B-208.] PaINsealy "9y dlqel

47



SUNISEOd 3Y) T O]

UL ‘001XA A JO JIRGD L
096 0086 0CO'F 01 08§ 0ZE s¢ £6 L st 9 8'c ¢ €L 9oUANPUOO Je 1AL AUIGES

youne] 78 “AMH " Jo
00S'T 000'EE  0OT'Y  0TT 069 §zg 93 6 8L 61 14 'S ! 89 HINOS SI[IU G “IaAry JUIqes

younef 78 AmH B
Jo
0l O00FL O0TE  TE 08y £81 s 68 8 91 ¥ T S I'g IOl /] ‘aye sulges

a8puq 7§ Amy BT
08T 001t 00Tt vE oLy oS 9 ¥l 6€ <1 S 'y S 9y Joyuousajius ¢ ‘oxe]auIges

X3, Uy
110 JO 1582 Sa[I ¢ pue
SWE[ ol JO pUI YIIOU 211
£8 00L'9  006'T  ¥T 09¢ ot Ly 83 e v T LT L L4 WIady ST § “90fer] auiqes

aye'] SUIGRS JO pUD YLIOL
01 008T 086 6 ole Te 911 8¢ 4 € [ ¢l £ g1 WX 18 JALY SUIGES

Kemarepy [e15ROOEOU] JO
0901 000Dt 00LT €€ ovt LLe ST 6 L8 ot £ £e 14! s Yines sajiid p raarny AuKEs

O “Amy sy Jo

09 000t 00% 91 082 671 Lyl £C 8¢ 81 £ £y 9T 0L HIN0S S9fIW 77 MIaary auiqeg
0 SUSIGIN
08¢ 00S'v  00E'l 9 089 [AA 474 | ¢S 0S ¥e < ¥e ¢l I'c JO IOU Al pfT “12ATY PIO
uWx3 a4x3 Of%ded QU Souwed {By,u1) (wml) urigzp, wrgg uwnigp wrig lepatew  vogied uopuby  uondjrosap pus laguinu 3G
Bl az|s ojueBio oueblo uossoy
aseung  ujmib BYIG 18104
usapy
weiBopy Jad sweaBiw uey} 53| azjs weotad 1yBp

ugaib yim odwes o abeuaalog

PenuIUOO—EE6L ‘LE-0F Yoy ‘(uiseq Jealy auiqes)
oAl 8UIQeS 10} SesAlEUE Jolem PBlIRIes PUR [BUSIRLW WOL0q Jo} setiadoid jeoiweyo pue [edisAyd pug SUOIRIILISOUCD JUSIS|8-80 ] PRINSES) "gY 3jgB]

48



“WOHOQ [PULURYO PUE SOBHINS I9Jem IO 18 USYE) 3q 0} SJURLMSEall 10§ WSIOLYAS J0U Sea AIS SI 18 Jotem Jo idaq

QUITISEOD AU M SUT]

<8 78 6l 061 1L oL LTt 0082 ge Ul ‘00X JO JINY) WM SOUBAYUOD 1B IATY JUIGES 4
og Vi (A 981 TL oL VI8 009°¢ L9 youne; 7g Ami B JO YINOs S ¢ (DALY SUIGRS g
98 S8 g6l S8l 'L 69 BOL 433 07 youne] 78 AMH BT JO YUOU S[IW /| Sy Suiqeg L
28pLg
g3 L'8 681 8L Vi £L L6T L6T e T8 AMJ "B 941 JO IBIOU SOIW ¢ OXB[ SUIGES g
X9 ‘MUY U4 JO 189 SO[I Gy pue
78 8 £61 £61 <9 ¢9 PLZ 1814 Lt oYe] 2y} JO pua YUOU 341 WOIJ SOfItl ¢ "ae-y stiqes ¢
L (N 981 1GN 99 (AN £91 N . ¥ 9Ye] JUIqeg JO PUS LIOU SWEN¥2 1B IaAly oUIqeS ¢
ABAINEAM
98 9L Lz <81 99 €9 091 €61 V8 [FISRO0BAN] 3O IAN0S SIW {7 "I3alY AUGEg ¢
'L £l 781 gl s 9 vl 9¢1 [211 QO "AsH SIBISIOW] JO (3NOS SI[IWF §'7 “JAADY SUIGES T
6L gL '8l '81 99 3G G¢1 pel (Y I0pg SUSQIN JO UOU S /] WAIY Pl 1
aoByng  woynog agseung  woynog aseung  wopog aoeung  wopog mﬁgm.% ul uojidpiosep pue laquinu g
‘pdag
P31, snjs(a) saasbap uy Hd Isteuuad wd
sad swesBjw u ‘aumeledwa) SUBMBISOIONU Lf
‘uaBiAxo pasjossiq ‘agumonpuoca
djosdg

pPenuUiUOO—Z66L ‘LE-0E Yolrl (uiseq Jeay suiges)
18AL BUiqeg 10} seshjeur Jajem Peloe|ss pue |eusiewl WOROY Joj seiliadoid [eojways pue jeaisiyd pus SUCHEIUBIUOS JUBWSa-80R1 paInsesiy gy 9|qel

49






