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FOREWORD
committed to serve the Nation with accurate and 
timely scientific information that helps enhance and 
protect the overall quality of life, and facilitates 
effective management of water, biological, energy, and 
mineral resources. Information on the quality of the 
Nation’s water resources is of critical interest to the 
USGS because it is so integrally linked to the long-
term availability of water that is clean and safe for 
drinking and recreation and that is suitable for 
industry, irrigation, and habitat for fish and wildlife. 
Escalating population growth and increasing demands 
for the multiple water uses make water availability, 
now measured in terms of quantity and quality, even 
more critical to the long-term sustainability of our 
communities and ecosystems.

The USGS implemented the National Water-
Quality Assessment (NAWQA) Program to support 
national, regional, and local information needs and 
decisions related to water-quality management and 
policy. Shaped by and coordinated with ongoing 
efforts of other Federal, State, and local agencies, the 
NAWQA Program is designed to answer: What is the 
condition of our Nation’s streams and ground water? 
How are the conditions changing over time? How do 
natural features and human activities affect the quality 
of streams and ground water, and where are those 
effects most pronounced? By combining information 
on water chemistry, physical characteristics, stream 
habitat, and aquatic life, the NAWQA Program aims to 
provide science-based insights for current and 
emerging water issues and priorities. NAWQA results 
can contribute to informed decisions that result in 
practical and effective water-resource management 
and strategies that protect and restore water quality.

Since 1991, the NAWQA Program has 
implemented interdisciplinary assessments in more 
than 50 of the Nation’s most important river basins 
and aquifers, referred to as Study Units. Collectively, 
these Study Units account for more than 60 percent of 
the overall water use and population served by public 
water supply, and are representative of the Nation’s 
major hydrologic landscapes, priority ecological 
resources, and agricultural, urban, and natural sources 
of contamination. 

Each assessment is guided by a nationally 
consistent study design and methods of sampling and 
analysis. The assessments thereby build local 
knowledge about water-quality issues and trends in a 

understanding of how and why water quality varies 
regionally and nationally. The consistent, multiscale 
approach helps to determine if certain types of water-
quality issues are isolated or pervasive, and allows 
direct comparisons of how human activities and 
natural processes affect water quality and ecological 
health in the Nation’s diverse geographic and 
environmental settings. Comprehensive assessments 
on pesticides, nutrients, volatile organic compounds, 
trace metals, and aquatic ecology are developed at the 
national scale through comparative analysis of the 
Study-Unit findings. 

The USGS places high value on the 
communication and dissemination of credible, timely, 
and relevant science so that the most recent and 
available knowledge about water resources can be 
applied in management and policy decisions. We hope 
this NAWQA publication will provide you the needed 
insights and information to meet your needs, and 
thereby foster increased awareness and involvement in 
the protection and restoration of our Nation’s waters. 

The NAWQA Program recognizes that a 
national assessment by a single program cannot 
address all water-resource issues of interest. External 
coordination at all levels is critical for a fully 
integrated understanding of watersheds and for  
cost-effective management, regulation, and 
conservation of our Nation’s water resources. The 
Program, therefore, depends extensively on the 
advice, cooperation, and information from other 
Federal, State, interstate, Tribal, and local agencies, 
non-government organizations, industry, academia, 
and other stakeholder groups. The assistance and 
suggestions of all are greatly appreciated.

Robert M. Hirsch 
Associate Director for Water
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CONVERSION FACTORS, ACRONYMS, AND ABBREVIATIONS

Water-quality units: Chemical concentrations were measured and reported in metric units for this 
study. The metric units can be converted to standard units by using the following conversion table:

Acronyms and abbreviations used in this report:

BHC hexachlorocyclohexane
BRD Biological Resources Discipline of the U.S. Geological Survey
CV-AAS cold vapor atomic absorption spectrophotometry
DCPA chlorthaldimethyl
DDE dichlorodiphenyldichloroethylene
DDT dichlorodiphenyltrichloroethane
GC/ECD gas chromatography with electron-capture detection
GPC gel-permeation chromatography
HCB hexachlorobenzene
ICP-AES inductively coupled plasma atomic emission spectrometry
ICP-MS inductively coupled plasma mass spectrometry
LRL laboratory reporting level
MOBL Mobile River Basin Study Unit in the National Water-Quality Assessment Program
MRL minimum reporting level
MRLC Multi-Resolution Land Characteristics
NAS/NAE National Academy of Science and National Academy of Engineering
NAWQA National Water-Quality Assessment Program
NWQL National Water Quality Laboratory of the U.S. Geological Survey
PCB polychlorinated biphenyl
PEC probable-effects concentrations
QA/QC quality assurance and quality control
RL reporting level
SQG sediment-quality guidelines
TEC threshold-effects concentrations
TRG tissue residue guidelines, established by the Canadian Council of Ministers of the Environment
USGS U.S. Geological Survey
WRD Water Resources Discipline of the U.S. Geological Survey

ng/kg nanogram per kilogram
µg/kg microgram per kilogram
µm micrometer

Multiply By To obtain

Area
square mile (mi2) 2.590 square kilometer

Multiply By To obtain

Length
centimeter (cm) 0.3937 inch

millimeter (mm) 0.03937 inch
meter (m) 3.281 foot

Weight
microgram (µg) 0.00000003527 ounce

gram (g) 0.03527 ounce
kilogram (kg) 2.205 pound
VIII  Contents



NATIONAL WATER-QUALITY ASSESSMENT PROGRAM
Organochlorine Compounds and Trace Elements in Fish 
Tissue and Streambed Sediment in the Mobile River Basin, 
Alabama, Mississippi, and Georgia, 1998

By Humbert Zappia
ABSTRACT

During the summer of 1998, as part of the 
National Water-Quality Assessment Program, a survey 
was conducted to determine which organochlorine 
compounds and trace elements occur in fish tissues and 
streambed sediments in the Mobile River Basin, which 
includes parts of Alabama, Mississippi, Georgia, and 
Tennessee. The data collected were compared to 
guidelines related to wildlife, land use, and to 1991 and 
1994 National Water-Quality Assessment Program 
Study-Unit data.

Twenty-one sites were sampled in subbasins of 
the Mobile River Basin. The subbasins ranged in size 
from about 9 to 22,000 square miles and were 
dominated by either a single land use or a combination 
of land uses. The major land-use categories were urban, 
agriculture, and forest.

Organochlorine compounds were widespread 
spatially in the Mobile River Basin. At least one 
organochlorine compound was reported at the majority 
of sampling sites (84 percent) and in a majority of 
whole-fish (80 percent) and streambed-sediment 
(52 percent) samples. Multiple organochlorine 
compounds were reported at 75 percent of the sites 
where fish tissues were collected and were reported at 
many of the streambed-sediment sampling sites 
(45 percent). The majority of concentrations reported, 
however, were less than 5 micrograms per kilogram in 
fish-tissue samples and less than 1 microgram per 
kilogram in streambed-sediment samples.

The majority of trace elements analyzed in fish-
liver tissue (86 percent) and streambed-sediment 
(98 percent) samples were reported during this study. 

Multiple trace elements were reported in all samples 
and at all sites.

Based on comparisons of concentrations of 
organochlorine compounds and trace elements in fish-
tissue and streambed-sediment samples in relation to 
National Academy of Science and National Academy 
of Engineering and Canadian tissue guidelines, 
probable-effects concentrations, and mean probable-
effects concentration quotients for streambed sediment, 
the potential exists for adverse effects to wildlife at  
15 (72 percent) of the sites sampled. The potential for 
adverse effects at these sites is because of the presence 
of residues or breakdown products related to 
polychlorinated biphenyls (PCB’s), chlordane, 
dichlorodiphenyltrichloroethane (DDT), chromium, 
lead, and zinc.

The majority of compounds reported 
(65 percent) were chlordane, DDT, and PCB’s, or their 
breakdown products. Concentrations of chlordane and 
heptachlor epoxide in whole-fish tissue were positively 
correlated to the amount of urban land use in a basin. 
Total DDT concentrations in whole-fish tissues were 
positively correlated to agriculture.

The relation of trace elements to land use is not 
as clear as the relation of organochlorine compounds to 
land use. This lack of clarity may be due to the 
possibility of geologic sources of trace elements in the 
Mobile River Basin and to the ubiquitous nature of 
many of these trace elements. However, there may be a 
correlation between the amount of urban land use and 
concentrations of antimony, cadmium, lead, and zinc in 
streambed-sediment samples from the Mobile River 
Basin.

Fewer organochlorine compounds and trace 
elements were reported in samples from the Mobile 
Abstract  1



River Basin than in samples collected during the 1991 
and 1994 National Water-Quality Assessment Program 
studies. Of the organochlorine compounds analyzed 
nationally, 57 percent were reported in whole-fish 
tissue samples collected locally and 41 percent were 
reported in streambed-sediment samples collected 
locally, whereas 96 percent and 86 percent, 
respectively, were reported nationally. Of trace 
elements analyzed nationally, 86 percent were reported 
in fish-liver tissue locally and 95 percent were reported 
in streambed-sediment samples locally, whereas 
95 percent and 98 percent, respectively, were reported 
nationally.

In general, concentrations of organochlorine 
compounds and trace elements and the frequency with 
which they were reported in the Mobile River Basin are 
similar to or less than those reported by 1991 and 1994 
Study Units; however, exceptions do exist to this 
generality.

Exceptions are the higher reporting frequency of 
heptachlor epoxide, p,p'-DDT, and PCB’s in whole-fish 
samples, higher quartile concentrations of heptachlor 
epoxide and p,p'-DDT in whole-fish samples, the 
higher maximum concentration of heptachlor epoxide 
in whole-fish samples, and the higher maximum 
concentration and reporting frequency of trans-
chlordane in streambed-sediment samples in the 
Mobile River Basin. In addition, aluminum, barium, 
chromium, cobalt, nickel, and strontium were reported 
more frequently in fish-liver samples locally than 
nationally, boron concentrations were consistently 
higher in fish-liver samples locally than nationally, and 
mercury, silver, and ytterbium were reported more 
frequently in streambed-sediment samples from the 
Mobile River Basin than nationally.

The higher reporting frequencies and 
concentrations of heptachlor epoxide, p,p'-DDT, and 
trans-chlordane in samples from the Mobile River 
Basin are probably due to the greater use of these 
compounds locally than nationally. The reason for the 
higher reporting frequency of PCB’s is less clear, but 
may be due to the production of these compounds 
within the basin.

The higher frequency with which some trace 
elements were reported in fish-liver tissue and 
streambed-sediment samples in the Mobile River Basin 
may be due to geology or anthropomorphic activities. 
Higher boron concentrations locally are probably due 
to anthropomorphic activities, because there are no 
major geological sources for boron in the Mobile River 

Basin. Potential sources locally for most of these trace 
elements include irrigation drain water (mercury), coal 
combustion (mercury and nickel), metallurgy (barium, 
boron, chromium, and nickel), soaps (boron), and the 
wood and pulp industry (barium and chromium). Other 
sources that could enrich samples from the Mobile 
River Basin are the Black Warrior coal fields 
(aluminum and mercury) in the northwestern quarter of 
the basin, which are known to have elevated levels of 
mercury, and barite deposits (barium) in east-central 
Alabama.

INTRODUCTION

An investigation was conducted in 1998 to 
determine the occurrence and distribution of 
organochlorine compounds and trace elements in the 
Mobile River Basin, which includes most of Alabama, 
and parts of Mississippi, Georgia, and Tennessee 
(fig. 1). This investigation was conducted as part of the 
U.S. Geological Survey’s (USGS) National Water-
Quality Assessment (NAWQA) Program.

To address the need for consistent and 
scientifically sound information for managing the 
Nation’s water resources, the USGS fully implemented 
the NAWQA Program in 1991 (Leahy, and others, 
1990; Atkins, 1998). The NAWQA Program integrates 
the monitoring of the quality of surface and ground 
waters with the study of aquatic ecosystems. The 
objectives of the NAWQA Program are to (1) describe 
current water-quality conditions for a large part of the 
Nation’s freshwater streams and aquifers, (2) describe 
how water quality is changing over time, and 
(3) improve the understanding of primary natural and 
human factors that affect water quality (Gilliom and 
others, 1995; Atkins, 1998). The investigation of 
organochlorine compounds and trace elements in the 
Mobile River Basin Study Unit (MOBL) is one of the 
many components used to achieve the goal of water-
quality assessment locally, regionally, and nationally 
(Leahy and others, 1990; Gilliom and others, 1995).

Organochlorine pesticides and polychlorinated 
biphenyls (PCB’s) in the environment have been a 
concern nationally since the 1960’s because of their 
toxicity and persistence in the environment. The 
majority of organochlorine pesticides and PCB’s were 
banned in the United States in the 1970’s and 1980’s 
(Nowell and others, 1999). In particular, the use of 
chlordane and PCB’s has been banned since 1988 and 
the use of dichlorodiphenyltrichloroethane (DDT)
2  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Figure 1. Location of the Mobile River Basin in Alabama, Georgia, Mississippi, and Tennessee, and the physiographic units within the 
basin.
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since 1973 (U.S. Environmental Protection Agency, 
1992). 

Organochlorine pesticides and PCB’s have been 
used throughout the United States in agriculture, 
households, and industry. In particular, DDT was used 
heavily as a pesticide in agriculture and for mosquito 
control; chlordane was used for termite control; and 
PCB’s were used as a dielectric fluid in transformers, 
lubricant, solvent, and as a plasticizer (U.S. Environ-
mental Protection Agency, 1992; Nowell and others, 
1999). 

In addition, many trace elements are of concern. 
Because of potential environmental harm, uses of some 
trace elements have also been restricted, such as lead as 
an additive in gasoline.

Trace elements in the environment occur from 
many natural and manmade sources. For example, 
arsenic, barium, cadmium, chromium, mercury, nickel, 
lead, and zinc all can be released into the environment 
through metallurgy, wood and pulp production, and the 
production of electrical power (Rice, 1999; U.S. Envi-
ronmental Protection Agency, 2001a). Trace elements 
also have nonpoint sources in urban areas and are often 
associated with runoff from urban centers. Nonpoint 
sources for trace elements in urban areas include, 
batteries, ceramics, wear of automobile parts, 
pigments, and combustion (U. S. Environmental 
Protection Agency, 1997, 2001b). In addition, arsenic, 
cadmium, chromium, mercury, lead, zinc, and other 
trace elements can occur naturally, such as impurities 
in coals and ores and as constituents of many rock types 
(U.S. Department of the Interior, 1998; U.S. 
Environmental Protection Agency, 2001a). Sources 
that could enrich samples from the Mobile River Basin 
are the Black Warrior coal fields (aluminum and 
mercury) in the northwest quarter of the basin, and 
barite deposits (barium) in east-central Alabama 
(Travis and Lynch, 1973; Goldhaber and others, 2000).

Many organochlorine compounds and trace 
elements do not easily dissolve in streamwater. Instead, 
these materials tend to accumulate in streambed 
sediments and aquatic organisms. Both acute and 
chronic exposure to these materials can adversely 
affect the health of aquatic organisms and, depending 
on the concentration and duration of exposure, can be 
lethal or sub-lethal. Once in the food chain, these 
materials can affect terrestrial organisms, such as fish-
eating wildlife (herons, otters, and kingfishers), and 
potentially humans. Organochlorine compounds, 
particularly chlordane and DDT, their related 

compounds, and PCB’s are known to have adverse 
effects on wildlife. Eggshell thinning and reduced 
fecundity in several piscivorous bird species have been 
well documented, as well as the potential for liver 
disease and carcinogenicity (U.S. Environmental 
Protection Agency, 1992; U.S. Department of the 
Interior, 1998). Endocrine-system effects have been 
associated with these compounds as well (Goodbred 
and others, 1996; Steven L. Goodbred, U.S. Geological 
Survey, written commun., 1996; Keith, 1997). Some 
trace elements also cause adverse effects to wildlife, 
such as carcinogenicity, liver disease, reduced 
fecundity, and endocrine-system disruption (Steven L. 
Goodbred, U.S. Geological Survey, written commun., 
1996; U.S. Department of the Interior, 1998). For these 
reasons, organochlorine compounds and trace elements 
were analyzed in fish-tissue and streambed-sediment 
samples from the Mobile River Basin.

Purpose and Scope

This report presents the results of the 1998 
investigation of the occurrence and distribution of 
organochlorine compounds and trace elements in fish 
tissue and streambed sediment in the MOBL Study 
Unit. Also presented in this report are comparisons of 
these results to current standards and guidelines, land-
use characteristics in the study basin, and 1991 and 
1994 NAWQA study results. The significance of these 
relations and the sampling media are discussed.

Description of the Mobile River Basin

The Mobile River Basin is the sixth largest river 
basin in the Nation. Encompassing about 44,000 square 
miles, the Mobile River Basin drains portions of 
Mississippi, Tennessee, Georgia, and Alabama (fig. 1). 
The Alabama and Tombigbee Rivers meet to form the 
Mobile River, which then flows into Mobile Bay and 
discharges into the Gulf of Mexico. Approximately 
71 percent of the basin lies in Alabama, and approx-
imately 4.9 million people live in the basin. Cities with 
populations of 100,000 people or more include 
Birmingham, Mobile, Montgomery, and Tuscaloosa 
(fig. 1; Atkins, 1998). Approximately 69 percent of the 
basin is forested, 18 percent is agricultural, 2 percent is 
urban, and 11 percent is other land-use categories 
(fig. 2; Atkins, 1998; Charles R. Lawson, U.S. 
Geological Survey, written commun., 1998).
4  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Figure 2. Land use and fish-tissue and streambed-sediment sampling sites and their associated drainage basins in the 
Mobile River Basin Study Unit.
Many agricultural and industrial activities occur 
within the Mobile River Basin. Agricultural activities 
include row crops, such as cotton, corn, and soybeans; 
aquaculture; and poultry and cattle production. Major 
industries in the basin include power production; 
silviculture; and chemical, pulp, paper, iron, steel, coal, 
and textile production (Atkins, 1998).

The Mobile River Basin lies within five 
physiographic provinces (fig. 1). These provinces 
include the Blue Ridge, Piedmont, Valley and Ridge, 
Appalachian Plateaus, and the Coastal Plain (Atkins, 
1998). 
Description of the Mobile River Basin  5



Study Design

The Mobile Basin is one of more than 50 of the 
Nation’s river basins, also referred to as Study Units, 
that are being investigated as part of the NAWQA 
Program (fig. 3.) Intense water-quality data collection 
began in the MOBL Study Unit in 1997. In 1998, 
21 sites were selected in nontidal areas of the basin to 
collect fish-tissue and streambed-sediment samples to 
determine the occurrence and distribution of 
organochlorine compounds and trace elements in the 
basin. Sampling sites were selected to represent major 
subbasins and land uses within the MOBL basin and to 
provide broad, spatial coverage (fig. 2; table 1).

The MOBL subbasins associated with the fish-
tissue and streambed-sediment sampling sites range in 
size from 8.96 to 21,967 square miles (mi2) (table 1). 
The largest subbasins are the Alabama (site 9) and 
Tombigbee (site 19) River Basins, which drain 
approximately 90 percent of the Mobile River Basin 
and represent multiple land uses, but are predominantly 
forested. The smallest MOBL subbasins are Three Mile 
Branch (site 4) and Cribbs Mill Creek (site 18), both of 
which are smaller than 10 mi2. 

In 1998, the majority of the MOBL subbasins 
were predominantly forested, although they all 
contained multiple land uses (Charles R. Lawson, U.S. 
Geological Survey, written commun., 1998). Three 
Mile Branch (site 4), Cribbs Mill Creek (site 18), 
Shades Creek (site 7), and Valley Creek (site 15) all 
drained areas with greater than 20 percent urban land 
use, while Bogue Chitto (site 12), Town Creek 
(site 10), and Locust Fork (site 14) drained basins with 
greater than 40 percent agriculture. The remainder of 
the sites were dominated by forested land use — the 
Alabama (site 9) and Tombigbee (site 19) Rivers and 
Shades Creek (site 7) (table 1; fig. 2).
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METHODS OF DATA COLLECTION AND ANALYSIS

Sampling fish tissues and streambed sediments 
for the presence of selected organochlorine compounds 
and trace elements offers several advantages over 
water-quality sampling. Organochlorine compounds 
and trace elements in water samples are often at 
concentrations too low to be detected; however, 
concentrations of organochlorine compounds and trace 
elements tend to accumulate in fish tissues and 
streambed sediments at levels that are more readily 
detected. Analysis of fish-tissue and streambed-
sediment samples can provide a time-averaged 
assessment of the compound or trace element in 
question. In addition, concentrations in tissue samples 
provide a direct measurement of bioavailability 
(Crawford and Luoma, 1993).

Because hydrophobic organic compounds do not 
readily dissolve in water, they typically are at 
extremely low concentrations in streams. However, 
these organochlorine compounds are readily associated 
with organic material in streambed sediments and in 
lipids of aquatic organisms (Shelton and Capel, 1994). 
In addition, organisms that have bioaccumulated 
organochlorine compounds may be consumed by other 
organisms, adding potential for increasing 
concentrations of organochlorine compounds in the 
predator organism’s tissues (Crawford and Luoma, 
1993). 

Trace elements readily sorb to fine-grained 
sediment particles in streams. The majority of trace 
elements are highly sorptive and associated with fine 
sediment particles in almost all natural surface waters. 
Because a large fraction of the total mass of trace 
elements in surface water is associated with fine-
grained sediment, the water column may contain only 
small quantities of these constituents (Shelton and 
Capel, 1994).

Sample Collection and Laboratory Analysis

Sampling reaches were established at 21 sites 
using methods described in Crawford and Luoma 
(1993) and Meador and others (1993). Composite fish-
tissue and streambed-sediment samples were collected 
from the sampling reach at each site. The samples were 
processed on site and then shipped to the USGS 
National Water Quality Laboratory (NWQL) in 
Arvada, Colo. The tissue samples were collected, 
6  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998
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processed, and handled by using methods specified in 
Crawford and Luoma (1993).

A minimum of five fish of a single species and of 
similar size formed a composite sample. The fish 
species and sex were identified, and the fish were 
measured, weighed, and examined for internal and 
external anomalies. In this region of the country, fish 
age is often difficult to determine from scale samples. 
However, scale samples were taken for use in 
determining fish age rather than risk potential 
contamination of the fish samples during the removal 
of other portions of the fish that are more reliable for 
fish aging, but require substantially more dissecting 
skill to remove than fish scales. Pectoral spines were 
removed from Ictalurid species and used for age 
determination. Fish age was determined by counting 
the number of annuli present on scales or spines that 
were removed from individual fish. 

Scale samples were analyzed by WRD personnel 
from the USGS in Mississippi who are experienced in 
determining the age of fish from this region of the 
country. Fish age and size data from this study were 
then compared to age and size class data from other 
sites in the area to determine the accuracy of the age 
determinations. In addition, a subsample of fish scales 
collected during this study was simultaneously and 
independently analyzed by BRD personnel for quality 
assurance. Fish ages determined by WRD and BRD 
personnel were similar, with only two exceptions —  
one largemouth bass (Micropterus salmoides) and 
several longear sunfish (Lepomis megalotis). The ages 
assigned by the BRD and WRD personnel differed by 
1 year. The age differences probably occurred because 
(1) there was not a series of fish to examine from any 
one locality, (2) fish collected from areas within the 
MOBL basin had dissimilar growth rates, and (3) the 
age of fish is difficult to determine from small sunfish 
scales.

Whole-fish composite samples were analyzed 
for organochlorine compounds. The whole-fish 
samples were wrapped in aluminum foil, placed in 
plastic bags, frozen with dry ice, and then shipped to 
the NWQL for analysis. If enough fish were not 
available for both organochlorine-compound and trace-
element samples, portions of liver were removed from 
the fish collected for analysis of organochlorine 
compounds. The livers were then composited into a 
single sample and analyzed for trace elements. The 
remainder of the fish were then processed, composited 

into a single sample, and analyzed for organochlorine 
compounds.

The livers of individual fish collected for trace-
element analysis were removed and composited into a 
single sample. The remainder of the fish was then 
discarded. The liver samples were immediately frozen 
with dry ice and shipped to the NWQL for analysis.

Whole-fish composite samples were analyzed 
for organochlorine compounds at the NWQL by using 
methods described in Leiker and others (1995). 
Methylene chloride extracts of the homogenized 
sample were used in the analysis. The extracts were 
processed by using gel-permeation chromatography 
(GPC) and fractionated by using alumina/silica 
adsorption chromatography. These extracts were then 
analyzed by using two dissimilar fused-silica gas 
chromatographic capillary columns with electron-
capture detection.

Fish-liver samples were analyzed for trace 
elements at the NWQL by using methods described in 
Hoffman (1996). The tissues were dried and acid 
digested. Inductively coupled plasma mass 
spectrometry (ICP-MS) and inductively coupled 
plasma atomic emission spectrometry (ICP-AES) were 
used to analyze the liver samples for trace elements. 
Mercury concentrations were determined using cold 
vapor atomic absorption spectrophotometry (CV-AAS) 
(Hoffman, 1996; Long and others, 1999).

A composite streambed-sediment sample was 
collected from as many of the depositional areas in 
each stream reach as possible, usually more than 10. 
Using methods described in Shelton and Capel (1994), 
only the most recently deposited sediments were 
collected by sampling only the top 3 –5 centimeters 
(cm) of the sediment. The composite sample was then 
split into two samples by sieving, one sample greater 
than 2 millimeters (mm) in size for synthetic 
organochlorine compound analysis, and one sample 
less than 63 micrometers (µm) in size for trace-element 
analysis. The sediment samples for trace-element 
analysis were allowed to settle out of solution; excess 
water was then decanted, and the samples were shipped 
to the NWQL. Sediment samples processed for 
analysis of organochlorine compounds were frozen 
with dry ice immediately after processing and sent to 
the NWQL.

Streambed-sediment samples were analyzed to 
determine organochlorine compounds and PCB 
concentrations by using methods described in Foreman 
and others (1995) and Tate and Heiny (1996). Excess 
Methods of Data Collection and Analysis  9



water was removed from the samples by centrifuge. 
Each sample was homogenized, and dry weight was 
determined on a 2-gram (g) subsample. Then, a 25-g 
equivalent dry-weight subsample was mixed with 
sodium sulfate to remove residual water. Three 
surrogates were added to the 25-g equivalent dry-
weight subsample. The subsample was Soxhlet 
extracted with dichloromethane and then concentrated. 
The extract was centrifuged and cleaned by GPC. The 
GPC fraction was further processed and split into two 
fractions. One fraction contained PCB’s, dichloro-
diphenyldichloroethylene (p,p'-DDE), heptachlor, 
aldrin, hexachlorobenzene (HCB), isodrin, mirex, and 
one surrogate. The other fraction contained all other 
organochlorine compounds. Samples were analyzed by 
dual capillary column gas chromatography with 
electron-capture detection (GC/ECD).

Streambed-sediment samples were analyzed for 
trace elements at the USGS Branch of Geochemistry 
Laboratory in Denver, Colo., using methods described 
in Arbogast (1996) and Heiny and Tate (1997). The 
samples were dried, acid digested, and analyzed by 
using a variety of atomic spectroscopy methods.

Quality Assurance and Quality Control

The NWQL has established stringent quality-
assurance and quality-control (QA/QC) methods for 
analytical operations. Details of these methods are 
provided in Pritt and Raese (1992, 1995), Glodt and 
Pirkey (1998), and Pirkey and Glodt (1998). In 
addition, specific information concerning method 
performance is available in Foreman and others (1995), 
Leiker and others (1995), Arbogast (1996), and 
Hoffman (1996).

The addition of three surrogate compounds to 
streambed-sediment samples and two surrogate 
compounds to tissue samples was also part of the  
QA/QC procedures for analysis of organochlorine 
compounds. The relative rates of recovery of these 
compounds can provide insight into the accuracy and 
precision associated with the analysis of each sample.

No field replicates or split samples were 
collected during this investigation because it often was 
difficult to obtain the amount of material required for a 
sample. Also, because of the paucity of the 
appropriated fish species and streambed sediments, no 
field QA/QC samples were collected.

Data Analysis

Results from the laboratory analysis of fish-
tissue and streambed-sediment samples were analyzed 
by using various approaches to determine the 
distribution of organochlorine compounds and trace 
elements within the Mobile River Basin and the 
relation of observed concentrations to current standards 
and guidelines, land use, sampling media, and to 1991 
and 1994 NAWQA Study-Unit data. No comparison 
was made to other data from the MOBL basin because 
of the paucity of other data, and because of differences 
between local agency data and NAWQA data in regard 
to sampling media, analytes, and site coverages.

Concentrations of organochlorine compounds 
and trace elements in fish-tissue samples from the 
MOBL basin were compared to two standards and 
guidelines. The standards and guidelines used in this 
study are (1) the recommended maximum 
concentration for the protection of fish-eating wildlife 
established by the National Academy of Science and 
National Academy of Engineering (NAS/NAE) 
(Nowell and Resek, 1994) and (2) tissue residue 
guidelines (TRG’s) for the protection of wildlife 
consumers of aquatic biota established by the Canadian 
Council of Ministers of the Environment (1999).

The NAS/NAE recommended maximum 
concentrations for the protection of fish-eating wildlife 
were considered preliminary values when published in 
1973 (Nowell and Resek, 1994); however, no 
subsequent Federal guidelines have been established. 
The guidelines are based on experimental studies of 
DDT and its metabolites in relation to eggshell thinning 
in several families of birds. By analogy to DDT, values 
for other pesticides were established conservatively. 
The guidelines indicate that when pesticide 
concentrations exceed the guidelines in whole-fish 
tissue samples, adverse effects may occur to fish-eating 
wildlife that are dependent on freshwater food sources 
(Nowell and Resek, 1994).

Canadian TRG’s are recommended guidelines to 
protect wildlife that consume aquatic biota in 
freshwater. In order to protect a particular species, the 
guidelines must be applied at the trophic level at which 
the species feed (Canadian Council of Ministers of the 
Environment, 1999). To protect all wildlife, the TRG’s 
must be applied at the highest known aquatic trophic 
level. This was not possible at all MOBL sites sampled 
during this investigation. Multiple species were 
sampled in the study area, some of which were not the 
top predators within the system. Thus, the data cannot 
10  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



be used to infer potential adverse effects to all wildlife, 
although all of the fish species collected during this 
investigation probably are preyed upon by fish-eating 
wildlife.

Many of the fish species sampled were 
omnivores or insectivores, which may be less likely 
than piscivorous fish species to encounter food sources 
that have accumulated significant concentrations of 
organic contaminants. Consumption of organisms that 
have bioaccumulated contaminants is one of the main 
mechanisms for biomagnification (Canadian Council 
of Ministers of the Environment, 1999). For this 
reason, concentrations of organochlorine compounds 
reported in fish species other than top predators may 
underestimate the potential for adverse effects to 
wildlife that feed on organisms that typically are 
considered to be at the top of the aquatic food chain.

Concentrations of organochlorine compounds 
and trace elements in streambed-sediment samples 
from the MOBL basin were compared to consensus-
based sediment-quality guidelines (SQG’s), and mean 
probable-effects concentration quotients were 
calculated for each sample. Two groups of SQG’s have 
been developed by MacDonald and others 
(2000) — threshold-effects concentrations (TEC’s) and 
probable-effects concentrations (PEC’s). The TEC’s 
represent concentrations in streambed sediment below 
which adverse effects to aquatic organisms in 
association with streambed sediments would not be 
expected to be frequent. The PEC’s represent 
concentrations above which adverse effects to aquatic 
organisms would be expected to occur frequently 
(MacDonald and others, 2000). Mean PEC quotients 
are the average ratio of organochlorine compounds and 
trace elements in a sample to their respective PEC’s. 
Samples with mean quotients greater than 0.5 are 
predicted to be toxic to sediment-dwelling organisms. 
Because the comparison of data to PEC’s and mean 
PEC quotients is a relatively new technique, a brief 
description of the development of SQG’s and mean 
PEC quotients is presented in this report.

Consensus-based SQG’s were developed by 
using previously published sediment-quality 
guidelines. Only sediment-quality guidelines that  
(1) have readily discernible derivation methods, (2) are 
based on empirical data relating contaminant 
concentrations to harmful effects in sediment-dwelling 
organisms, (3) are intended to be predictive of effects, 
(4) are newly derived, and (5) have three sediment-
quality guidelines available were used to derive SQG’s 

(MacDonald and others, 2000). The existing sediment-
quality guidelines were then grouped into two 
categories based on their original narrative intent. A 
geometric mean was then calculated for each sediment-
quality guideline. The two categories were TEC’s and 
PEC’s.

The potential for harmful effects to sediment-
dwelling organisms as a result of contaminant 
concentrations in streambed sediment was evaluated by 
using TEC’s, PEC’s, and concentration data and 
toxicity-test results from previously published studies. 
If the measured concentration of a contaminant in a 
sample was less than the TEC’s, the sample was 
considered to be nontoxic. If the measured 
concentration of a contaminant was greater than any 
one of the PEC’s, the sample was considered to be 
toxic. Concentrations in streambed-sediment samples 
between TEC’s and PEC’s were considered to be 
neither toxic nor nontoxic (MacDonald and others, 
2000).

Samples that were predicted to be toxic or 
nontoxic based on TEC’s and PEC’s were then 
compared to data from toxicity tests conducted on the 
original sediment samples associated with the 
previously published SQG’s. Based on toxicity tests, 
the PEC’s and TEC’s that accurately predicted either 
frequent (greater than 75 percent of the samples were 
correctly predicted to be toxic) or infrequent (greater 
than 75 percent of the samples were correctly predicted 
to be nontoxic) harmful effects to organisms in 
association with streambed sediment were adopted as 
SQG’s.

With the exception of using SQG’s, MacDonald 
and others (2000), derived the PEC quotient 
methodology from a previously published study. Only 
mean PEC quotients that accurately predicted harmful 
effects to sediment-dwelling organisms were adopted 
by MacDonald and others, (2000) based on toxicity 
tests and mean PEC quotients.

Sediment samples analyzed in NAWQA 
investigations for organochlorine compounds typically 
include only sediment particles less than 2 mm in size. 
Concentrations of organochlorine compounds reported 
from the analysis of a sediment sample containing 
particles less than 2 mm may be greater than the 
concentrations that would have been reported from a 
whole-sediment sample. Higher concentrations may be 
expected in a sediment sample containing particles less 
than 2 mm because (1) the majority of the 
organochlorine compounds in streambed sediment are 
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associated with organic matter less than 2 mm in size, 
and (2) the removal of particulate material greater than 
2 mm from a sample would reduce the total mass of the 
sample without significantly decreasing the total 
amount of the organochlorine compounds present 
(Shelton and Capel, 1994). 

In addition, trace element concentrations in 
NAWQA streambed-sediment samples may be greater 
than those that would be reported in a whole sediment 
sample. Trace element concentrations may be higher 
because many trace elements are known to associate 
with clay particles, and NAWQA sediment samples 
typically are less than 63 µm in size and contain the 
majority of clay particles from a whole sediment 
sample.

Furthermore, the laboratory uses a strong acid 
digestion for processing trace element samples, which 
extracts all trace elements associated with clay 
particles, including those that might not be bioavailable 
(Dennis R. Helsel, U.S. Geological Survey, written 
commun., 2001).

Because trace element concentrations may be 
higher in NAWQA streambed-sediment samples than 
those reported in whole streambed-sediment samples, 
comparison of NAWQA data to SQG’s may 
overestimate the potential for harmful effects to 
organisms associated with streambed sediments. This 
may not be a real disadvantage, however, since this 
approach is considered “conservative” and provides 
early warning of potential problems, thus serving to 
protect more sensitive species.

Comparisons of concentrations of organo-
chlorine compounds and trace elements in fish-tissue 
and streambed-sediment samples to land-use 
percentages in the study basins were done using  
nonparametric statistical tests. Spearman-rho and 
Kendall-tau rank correlations at the 95-percent 
confidence level were calculated, where appropriate, 
based on the number of sites with concentrations 
reported. Correlation statistics were calculated by 
using median concentrations from sites where multiple 
fish-tissue samples were collected. Information 
pertaining to the number and type of samples collected 
at a site are presented in the next section of this report. 
All data with a remark code of less than (<) were 
considered nondetects. Comparisons of data were 
made by using non-normalized data. Data comparisons 
also were made by using lipid-normalized organo-
chlorine data from fish-tissue samples and percentages 
of organic carbon normalized trace element data from 

streambed-sediment samples. The total concentration 
and total number of organochlorine compounds 
reported also were related to land use by using rank 
correlations and medians. Because the results of both 
correlations were similar, only Spearman-rho rank 
correlations are presented in this report.

The land-use data used in this report were 
extracted from the Federal Region 4 portion of the  
30-meter resolution land cover data set produced as a 
cooperative project between the U.S. Environmental 
Protection Agency and the USGS. The data were 
developed from Landsat Thematic Mapper Scenes. The 
cooperative project was one of the Multi-Resolution 
Land Characteristics (MRLC) Consortium activities 
(Charles R. Larson, U.S. Geological Survey, written 
commun., 1998).

Only comparisons to major land-use categories 
are presented. Land-use categories are considered 
major if they represent a substantial percentage of a 
basin’s area and have values that range over 10 percent. 
Major land-use categories in the MOBL Study Unit are 
urban, agriculture, and forest. Relations to other land 
uses were considered to be insignificant and are not 
presented.

Fish-tissue and streambed-sediment sampling 
results from this investigation were compared to 
sampling results from 1991 and 1994 NAWQA Study-
Unit investigations. Only the first sample from each 
site sampled nationally was used for comparison with 
MOBL data. Both the MOBL and national data were 
censored to a common minimum reporting level 
(MRL) or laboratory reporting level (LRL) for 
comparative purposes. Values below the common 
MRL or LRL were considered as nondetections, 
whereas values censored above the MRL or LRL were 
eliminated from comparison. All estimated values were 
included in the comparisons. For simplicity, MRL’s and 
LRL’s will both be referred to as reporting level (RL) 
throughout the report.

In almost all cases, organochlorine compound 
and trace element data were censored to the RL 
currently used (2002) in NWQL investigations. In 
some instances, it was necessary to censor data at a 
concentration other than the current RL, because some 
RL’s have changed during the course of the NAWQA 
Program. In these instances, censoring the data to the 
current RL would have eliminated all or most of the 
data from current or previous studies from comparison 
with national data. A comparison of summary statistics 
and the frequency with which compounds were 
12  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



reported both locally and nationally are presented in 
this report. Summary statistics presented are for data 
above the RL. In the vast majority of the samples 
analyzed, concentrations of organochlorine 
compounds and trace elements were below the RL.

Sampling sites in the NAWQA Program were 
selected to address specific objectives. For example, 
sites may have been selected to quantify the extent of 
known contamination or the effects of a particular land 
use, to provide for spatial coverage within a basin, or to 
sample in areas not previously investigated. This 
sampling approach does not represent a random 
approach for quantifying conditions nationally. 
However, these data do provide a frame of reference for 
comparing data collected in the Mobile River Basin.

Comparing concentration data between fish 
tissue and streambed sediments can aid in determining 
bioavailability and the partitioning of organochlorine 
compounds and trace elements in the environment, 
provide insight into the value of sampling both media, 
and give a more complete picture of the occurrence and 
spatial distribution of organochlorine compounds and 
trace elements. Comparisons were made between fish-

tissue and streambed-sediment samples based on 
individual and total organochlorine compound 
concentrations and detection frequencies by using 
Spearman-rho rank correlations at the 95-percent 
confidence level. In addition, a comparison between 
sampling media for trace-element concentrations also 
was completed. Median concentrations were used to 
represent sites were multiple fish samples were 
collected.

ORGANOCHLORINE COMPOUNDS AND TRACE 
ELEMENTS

Results of the 1998 sampling of fish tissue and 
streambed sediment at 21 sampling sites in the MOBL 
Study Unit are presented in this section of the report. 
The surrogate recoveries for whole-fish tissue and 
streambed-sediment samples in the MOBL basin are 
presented in tables 2 and 3, respectively. Recoveries of 
surrogate compounds in fish-tissue and streambed-
sediment samples were less than 80 percent in many of 
the samples.
Table 2. Percentages of surrogate recoveries for whole-fish tissue samples from the Mobile River Basin
[USGS, U.S. Geological Survey; Blvd., Boulevard; L&D, Lock and Dam]

Site 
number
(fig. 2)

Site name (USGS identification numbera)

a USGS identification number is based on geographic location and the downstream order of streamflow sites.

Surrogate recovery, in percent
-d6 -Hexachloro-
cyclohexane

3,5-Dichloro-
biphenyl

1 Coosa River near Rome, GA (02397000) 75, 94 76, 71

2 Chattooga River above Gaylesville, AL (02398300) 69 58

3 Sougahatchee Creek above Reeltown, AL (02418264) 90, 102 80, 66

4 Three Mile Branch at North Blvd. at Montgomery, AL (02419977) 108 100

5 Pintlalla Creek at Liberty Church Road near Pintlalla, AL (02421115) 116 95

6 Cahaba Valley Creek at Cross Creek Road at Pelham, AL (0242354750) 93 81

7 Shades Creek at Homewood, AL (02423581) 109 112

8 Cahaba River at Centreville, AL (02424000) 90 70

9 Alabama River at Claiborne, AL (02429500) 104 66

10 Town Creek at Tupelo, MS (02434000) 100, 109 84, 108

13 Lost Creek above Parrish, AL (02454055) 62, 75, 91 56, 61, 65

14 Locust Fork below Snead, AL (02454500) 96 90

15 Valley Creek near Bessemer, AL (02461500) 93 86

16 Black Warrior River at Bankhead L&D near Bessemer, AL (02462500) 94 84

17 Hurricane Creek near Holt, AL (02463500) 89, 108 88, 86

18 Cribbs Mill Creek at Tuscaloosa, AL (02465288) 75, 78, 84, 98 47, 61, 67, 70

19 Tombigbee River below Coffeeville L&D near Coffeeville, AL 
(02469762) 68, 97 59, 74

20 Satilpa Creek near Coffeeville, AL (02469800) 91, 94 99, 95

21 Chickasaw Creek near Kushla, AL (02471001) 88 93

α
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Table 3. Percentages of surrogate recoveries for streambed-sediment samples from the Mobile River Basin
[USGS, U.S. Geological Survey; Blvd., Boulevard; NA, not available; L&D, Lock and Dam]

Site 
number
(fig. 2)

Site name (USGS identification numbera)

a USGS identification number is based on geographic location and the downstream order of streamflow sites.

Surrogate recovery, in percent
-d6  -   Hexachloro-
cyclohexane

Octachloro-
biphenyl

3,5-Dichloro-
biphenyl

1 Coosa River near Rome, GA (02397000) 86 88 94

2 Chattooga River above Gaylesville, AL (02398300) 94 86 117

3 Sougahatchee Creek above Reeltown, AL (02418264) 70 84 70

4 Three Mile Branch at North Blvd. at Montgomery, AL (02419977) 84 93 78

5 Pintlalla Creek at Liberty Church Road near Pintlalla, AL (02421115) 60 78 64

6 Cahaba Valley Creek at Cross Creek Road at Pelham, AL (0242354750) 86 82 94

7 Shades Creek at Homewood, AL (02423581) 92 80 81

8 Cahaba River at Centreville, AL (02424000) 95 88 96

9 Alabama River at Claiborne, AL (02429500) 60 51 52

10 Town Creek at Tupelo, MS (02434000) 71 78 75

11 Buttahatchee River near Aberdeen, MS (02439400) 84 136 NA

12 Bogue Chitto Creek near Memphis, AL (02444490) 62 NA NA

13 Lost Creek above Parrish, AL (02454055) 68 55 91

14 Locust Fork below Snead, AL (02454500) 94 86 101

15 Valley Creek near Bessemer, AL (02461500) 96 83 NA

16 Black Warrior River at Bankhead L&D near Bessemer, AL (02462500) 94 82 79

17 Hurricane Creek near Holt, AL (02463500) 86 84 94

18 Cribbs Mill Creek at Tuscaloosa, AL (02465288) 99 83 78

19 Tombigbee River below Coffeeville L&D near Coffeeville, AL 
(02469762)

91 85 83

20 Satilpa Creek near Coffeeville, AL (02469800) 106 83 86

21 Chickasaw Creek near Kushla, AL (02471001) 86 80 102

α

The low recoveries of surrogate compounds in 
some samples may indicate the potential for 
underestimating concentrations and underdetection of 
organochlorine compounds in a sample. No 
correlations could be made, however, between the total 
concentration of organochlorine compounds or the 
number of organochlorine compounds reported in 
samples and the surrogate recovery rates, based on 
Spearman-rho rank correlations at the 95-percent 
confidence level. Based on this correlation analysis, the 
sample results are reported without correction for bias 
associated with rates of recovery of surrogate 
compounds.

Fish-Tissue Samples

A total of 30 whole-fish tissue samples were 
collected from 19 sites and analyzed for organochlorine 
compounds during this study. Twenty-five fish-liver 

samples were collected and analyzed for trace elements 
from 18 sites. Either equipment failure or flow 
conditions prevented collection of fish-tissue samples 
at two sites, Buttahatchee (site 11) and Bogue Chitto 
(site 12) Creeks (fig. 4). Additionally, Three Mile 
Branch (site 4) did not have enough fish available for 
both a whole-fish and fish-liver samples, so only a 
whole-fish sample was collected at this site and 
analyzed for organochlorine compounds.

An attempt was made to sample the same fish 
species at all sites. This was not possible, however, 
because of the diverse environmental settings and the 
limited number of fish at many of the sites. Therefore, 
a total of 13 species were collected for analysis of 
organochlorine compounds from the sites sampled, and 
multiple species and samples were collected at seven 
sites for analysis of organochlorine compounds. These 
sites were Cribbs Mill (site 18), Hurricane (site 17), 
Lost (site 13), and Sougahatchee (site 3) Creeks and 
Tombigbee River (site 19) in Alabama; Town Creek 
14  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Figure 4. Sites where organochlorine compounds were reported in whole-fish tissue samples in the Mobile River Basin.
(site 10) in Mississippi; and the Coosa River (site 1) in 
Georgia (Appendix 1). Eleven species were collected 
for analysis of trace elements. At some of the sites, 
multiple species and samples were collected for analy-
sis of trace elements in fish-liver tissue 
samples — Cribbs Mill (site 18), Lost (site 13), and 

Town (site 10) Creeks, and the Tombigbee River  
(site 19; Appendix 1).

Although an effort was made to collect fish of the 
same size and age at each site, variations in age did 
exist in the fish comprising a sample. The species, 
weight, age, and number of fish in the composite 
Fish-Tissue Samples  15



samples are listed by site in Appendix 1. Because the 
samples were composites of fish of varying ages, no 
analysis of data relative to fish age was conducted. 
Concentrations of organochlorine compounds and 
trace elements reported were similar among the 
samples at a particular site, regardless of the species. 
For this reason, only median concentrations of 
organochlorine compounds and trace elements are used 
for correlations to land use, 1991 and 1994 NAWQA 
data, and between sampling media. In addition, no 
analysis of anomaly data is presented because of the 
limited number of anomalies reported.

The whole-fish tissue samples were analyzed for 
the presence of 28 organochlorine compounds and  
16 (57 percent) were reported (table 4). The 
organochlorine compounds reported were 
pentachloroanisole, mirex, p,p'-methoxychlor, 
hexachlorobenzene, endrin, trans-chlordane, 
oxychlordane, cis-nonachlor, p,p'-DDT, heptachlor 
epoxide, cis-chlordane, p,p'-DDD, dieldrin, trans-
nonachlor, PCB’s, and p,p'-DDE. All of the 
organochlorine compounds reported in whole-fish 
tissues except PCB’s are an organochlorine pesticide or 
related compound. PCB’s, used in industry as a 
plasticizer, lubricant, and dielectric fluid in capacitors 
and transistors, were reported in the highest 
concentrations (900 micrograms per kilogram [µg/kg]) 
in whole-fish tissues of any compound analyzed (U.S. 
Environmental Protection Agency, 1992). The most 
frequently reported compound was p,p'-DDE, which 
also was reported at the highest concentration in whole-
fish tissue and at more sites (15) than any other 
pesticide or related compound.

Organochlorine compounds were reported in  
24 of the 30 samples (80 percent) analyzed from the 
19 sampling sites (Appendix 2). Of these 24 samples, 
19 samples (79 percent) contained multiple 
organochlorine compounds. Five samples contained a 
single organochlorine compound, and six samples 
contained no organochlorine compounds (Appendix 2).

Organochlorine compounds were reported at  
16 of the 19 sites (84 percent) sampled (fig. 4; table 5). 
Of these 16 sites, 12 (75 percent) had multiple 
organochlorine compounds, and 4 sites each had a 
single organochlorine compound reported. Only three 
sites had no organochlorine compounds reported 
(fig. 4). The site with the most organochlorine 
compounds reported was Cribbs Mill Creek (site 18), 
where multiple samples were collected. Only one 
sample was collected at Three Mile Branch (site 4), 

which had the second highest number of organo-
chlorine compounds reported (table 5). At only two 
sites, Cribbs Mill Creek (site 18) and Town Creek 
(site 10), did multiple samples greatly increase the total 
number of organochlorine compounds reported at the 
site (fig. 4; table 5; Appendix 2).

All of the 25 fish-liver samples analyzed from 
the 18 sites sampled had multiple trace elements 
reported. The samples were analyzed for 22 trace 
elements, and all except antimony, beryllium, and 
uranium, or 86 percent, were reported (table 6). The 
most frequently reported trace elements were 
aluminum, boron, copper, iron, manganese, selenium, 
strontium, and zinc (table 6).

Comparison of Concentrations of Organochlorine 
Compounds and Trace Elements in Whole-Fish Tissue 
Samples to Standards and Guidelines

Of the 16 organochlorine compounds reported in 
whole-fish tissue samples, only 13 are included in 
NAS/NAE or Canadian guidelines (table 7). 
Comparison to NAS/NAE standards requires the 
summation of DDT congeners, and the summation of 
aldrin, BHC (hexachlorocyclohexane), chlordane, 
dieldrin, endrin, heptachlor, heptachlor epoxide, 
lindane, and toxaphene residue concentrations (Nowell 
and Resek, 1994). The sum of all DDT congeners is 
referred to as total DDT in this report. The sum of 
aldrin, BHC, chlordane, dieldrin, endrin, heptachlor, 
heptachlor epoxide, lindane, and toxaphene residues is 
referred to as chlordane and related compounds in this 
report when compared to NAS/NAE guidelines.

Chlordane and related compounds exceeded the 
NAS/NAE-recommended maximum concentration to 
protect fish-eating wildlife at three sites — Three Mile 
Branch (site 4), Shades Creek (site 7), and Cribbs Mill 
Creek (site 18). PCB’s exceeded NAS/NAE-
recommended maximum concentrations at the Coosa 
River (site 1) (table 7; fig. 5).

Several of the DDT congeners, singly and in 
combination, exceeded the Canadian TRG of 14 µg/kg 
at 13 sites — the Coosa (site 1), Chattooga (site 2), 
Cahaba (site 8), Alabama (site 9), Black Warrior 
(site 16), and Tombigbee (site 19) Rivers; Shades 
(site 7), Town (site 10), Lost (site 13), Hurricane 
(site 17), and Cribbs Mill (site 18) Creeks; Three Mile 
Branch (site 4), and Locust Fork (site 14). 
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Table 5. Sites in the Mobile River Basin where organochlorine compounds were reported in whole-fish tissue samples 
[Site locations are shown in figure 2; number in parentheses is the U.S. Geological Survey downstream order number; PCB’s,  
polychlorinated biphenyls; Blvd., Boulevard; L&D, Lock and Dam]

Site identification and organochlorine compounds reported

Site 1. Coosa River near Rome, GA (02397000) — 4 compounds reported

p,p'-DDD p,p'-DDT
p,p'-DDE PCB’s

Site 2. Chattooga River above Gaylesville, AL (02398300) — 2 compounds reported

p,p'-DDE PCB’s
Site 3. Sougahatchee Creek above Reeltown, AL (02418264) — 1 compound reported

p,p'-DDE
Site 4. Three Mile Branch at North Blvd. at Montgomery, AL (02419977) — 11 compounds reported

cis-Chlordane p,p'-DDT trans-Nonachlor
trans-Chlordane cis-Nonachlor Oxychlordane
p,p'-DDD Heptachlor epoxide PCB’s
p,p'-DDE Dieldrin

Site 6. Cahaba Valley Creek at Cross Creek Road at Pelham, AL (0242354750) — 1 compound reported

trans-Nonachlor
Site 7. Shades Creek at Homewood, AL (02423581) — 8 compounds reported

cis-Chlordane Heptachlor epoxide PCB’s
p,p'-DDE trans-Nonachlor cis-Nonachlor
Dieldrin Oxychlordane

Site 8. Cahaba River at Centreville, AL (02424000) — 6 compounds reported

cis-Chlordane Dieldrin Pentachloroanisole
p,p'-DDE trans-Nonachlor PCB’s

Site 9. Alabama River at Claiborne, AL (02429500) — 6 compounds reported

p,p'-DDD p,p'-DDT Hexachlorobenzene
p,p'-DDE Endrin PCB’s

Site 10. Town Creek at Tupelo, MS (02434000) — 9 compounds reported

cis-Chlordane p,p'-DDT Mirex
p,p'-DDD Dieldrin trans-Nonachlor
p,p'-DDE Heptachlor epoxide PCB’s

Site 13. Lost Creek above Parrish, AL (02454055) — 1 compound reported

p,p'-DDE
Site 14. Locust Fork below Snead, AL (02454500) — 4 compounds reported

p,p'-DDE trans-Nonachlor

p,p'-DDT PCB’s
Site 15. Valley Creek near Bessemer, AL (02461500) — 6 compounds reported

cis-Chlordane p,p'-DDE trans-Nonachlor
trans-Chlordane Dieldrin PCB’s

Site 16. Black Warrior River at Bankhead L&D near Bessemer, AL (02462500) — 1 compound reported
p,p'-DDE

Site 17. Hurricane Creek near Holt, AL (02463500) — 5 compounds reported
p,p'-DDE Heptachlor epoxide PCB’s
Dieldrin trans-Nonachlor

Site 18. Cribbs Mill Creek at Tuscaloosa, AL (02465288) — 12 compounds reported
cis-Chlordane p,p'-DDT Oxychlordane
trans-Chlordane Heptachlor epoxide PCB’s
p,p'-DDD cis-Nonachlor Dieldrin
p,p'-DDE trans-Nonachlor p,p'-Methoxychlor

Site 19. Tombigbee River below Coffeeville L&D near Coffeeville, AL (02469762) — 3 compounds reported

p,p'-DDD p,p'-DDE
PCB’s
18  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998
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Table 7. Comparison of concentrations of organochlorine compounds in whole-fish tissue samples from the Mobile River Basin with standards and 
guidelines
[µg/kg, microgram per kilogram; NAS/NAE, National Academy of Science and National Academy of Engineering; ng/kg, nanogram per  
kilogram; site locations are shown in figure 2]

Compound
Standard 

concentration, 
in µg/kg wet weight

Sites where standards 
or guidelines 

were exceeded

Concentration in 
whole-fish tissue sample, 

in µg/kg wet weight
NAS/NAE-recommended maximum concentration

Chlordane and related compounds 100 Three Mile Branch (site 4)
Shades Creek (site 7)
Cribbs Mill Creek (site 18)a

a Multiple samples were collected and analyzed at this site.

508
316
1,205; 257.1; 250.4; 344.8

Polychlorinated biphenyls (PCB’s)  500 Coosa River (site 1)a 530, 900
Canadian guidelines for the protection of wildlife consumers of aquatic biota

DDT congeners, single or combined 14 Coosa River (site 1)a

Chattooga River (site 2)
Three Mile Branch (site 4)
Shades Creek (site 7)
Cahaba River (site 8)
Alabama River (site 9)
Town Creek (site 10)a

Lost Creek (site 13)
Locust Fork (site 14)
Black Warrior River (site 16)
Hurricane Creek (site 17)a

Cribbs Mill Creek (site 18)a

Tombigbee River (site 19)a

106.2, 171.8
47
172
23
24
84.3
248, 92
15
589
25
18, 29
85.6, 20, 39.8 
57.7, 111
20  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Figure 5. Sites in the Mobile River Basin where concentrations of organochlorine compounds in whole-fish tissue exceeded 
National Academy of Science and National Academy of Engineering guidelines for piscivorous wildlife.
No NAS/NAE or Canadianstandards currently 
exist for trace-element concentrations in fish-liver 
tissue. However, standards do exist for selected trace 
elements in fish tissues other than liver. For example, 
the U.S. Food and Drug Administration has established 
Fish-Tissue Samples  21



22  Or
Figure 6. Sites in the Mobile River Basin where concentrations of organochlorine compounds in whole-fish tissue 
exceeded Canadian tissue residue guidelines (TRG’s) for the protection of wildlife.
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standards for mercury concentrations in edible fish for 
the protection of human health, and the U.S. Depart-
ment of the Interior (1998) has presented concentra-
tions for several trace elements, above which adverse 
effects could occur to wildlife.

Relation of Organochlorine Compounds and Trace Elements 
in Whole-Fish Tissue Samples to Land Use

Individual concentrations of organochlorine 
compounds, total DDT, the sum of cis- and trans-
chlordane, cis- and trans-nonachlor, and oxychlordane 
(referred to as chlordane), total concentrations of 
organochlorine compounds, and the total number of 
organochlorine compounds reported in whole-fish 
tissue samples were related to land use by using a 
Spearman-rho rank correlation at the 95-percent 
confidence level. Normalizing the data to the 
percentage of lipid content in a sample did not  
alter the correlations substantially. Only non-
normalized concentration data are presented in  
further discussions in this report. For sites where 

multiple samples were collected, median 
concentrations were used for correlation analysis.

Total DDT, chlordane, and heptachlor epoxide 
concentrations in whole-fish tissue samples were 
correlated with land use. Total DDT was positively 
correlated to agricultural land use (table 8). Chlordane 
and heptachlor epoxide were positively correlated to 
urban land use and negatively correlated to forested 
land use. In addition, total concentrations of 
organochlorine compounds and numbers of 
organochlorine compounds reported were negatively 
correlated to forested land use (table 8).

Based on Spearman-rho rank correlation 
analysis and a 95-percent confidence level, there was 
an apparent relation between concentrations of three 
trace elements analyzed in fish-liver tissue and land 
use. The three trace elements were aluminum, zinc, and 
selenium (table 9). Selenium and zinc showed a 
negative relation to agricultural land use, and 
aluminum had a negative relation to urban land use in 
a basin (table 9).
 

Table 8. Spearman-rho rank correlations of land use and concentrations of organochlorine compounds in whole-fish tissue samples from the Mobile 
River Basin
[—, no correlation; NA, not applicable]

Correlation with percentage of land use

Total DDT
Heptachlor 

epoxide
Chlordane

Total 
concentration

Total number of 
compounds 

reported

Urban land use

Spearman-rho statistic — 0.900 0.667 — —

p-value — .037 .050 — —

Number of sites where reported NA 5 9 NA NA
Agricultural land use

Spearman-rho statistic 0.714 — — — —

p-value .003 — — — —

Number of sites where reported 15 NA NA NA NA
Forested land use

Spearman-rho statistic — – 0.900 – 0.667 – 0.656 – 0.691

p-value — .037 .050 .006 .003

Number of sites where reported NA 5 9 16 16
Fish-Tissue Samples  23



 

Table 9. Spearman-rho rank correlations of land use and concentrations of trace elements in fish-liver tissue samples from the 
Mobile River Basin
[—, no correlation; NA, not applicable]

Correlation with percentage of land use
Aluminum Selenium Zinc

Urban land use

Spearman-rho statistic – 0.507 — —

p-value .032 — —

Number of sites where reported 18 NA NA
Agricultural land use

Spearman-rho statistic — – 0.476 – 0.474

p-value — .046 .045

Number of sites where reported NA 18 18
Comparison of Concentrations of Organochlorine 
Compounds and Trace Elements in Fish-Tissue  
Samples to 1991 and 1994 National Water-Quality 
Assessment Program Study-Unit Data

Whole-fish tissue samples from 504 sites in the 
1991 and 1994 NAWQA Study-Unit investigations 
throughout the United States were analyzed at the 
selected RL’s for concentrations of 28 organochlorine 
compounds. Of these 28 compounds, 27 (96 percent) 
were reported nationally, whereas 54 percent were 
reported locally. Aldrin was the only compound not 
reportednationally. Aldrin also was not reported in the 
MOBL basin. The most frequently reported compound 
nationally (81 percent of sites) as well as in the MOBL 
Study Unit (79 percent of sites) was p-p'-DDE 
(tables 4, 10).

Fifteen of the 27 organochlorine compounds 
were reported in whole-fish tissue samples from less 
than 10 percent of the national NAWQA sites — DCPA, 
o,p'-DDE, o,p'-DDT, endrin, alpha-BHC, beta-BHC, 
delta-BHC, heptachlor, hexachlorobenzene, lindane, 
p,p'-methoxychlor, o,p'-methoxychlor, mirex, 
pentachloroanisole, and toxaphene. Four of these 
15 organochlorine compounds also were reported at 
less than 10 percent of the sites sampled in the MOBL 
Study Unit — endrin, hexachlorobenzene, p,p'-
methoxychlor, and mirex. The remaining organo-
chlorine compounds reported nationally at less than 
10 percent of the sites sampled were not reported in 
samples from the MOBL basin. Because of the low 
reporting frequency of these compounds nationally, the 
probability of detecting these compounds in the Mobile 
River Basin is low.

Twelve organochlorine compounds were 
reported at more than 10 percent of the national 

NAWQA sites. These compounds were cis-chlordane, 
trans-chlordane, o,p'-DDD, p,p'-DDD, p-p'-DDE,  
p,p'-DDT, dieldrin, heptachlor epoxide, cis-nonachlor, 
trans-nonachlor, oxychlordane, and PCB’s. All of these 
organochlorine compounds except o,p'-DDD, which 
was not reported in the MOBL, also were reported at 
10 percent or more of the MOBL sites.

Minimum, 25th percentile, median, and 75th 
percentile concentrations of several organochlorine 
compounds reported in whole-fish tissue nationally 
were lower than those in the MOBL basin (table 10; 
fig. 7). These differences in concentrations may be the 
result of greater use of DDT and chlordane in the 
MOBL basin than in other parts of the country. The 
majority of the compounds with higher concentrations 
were DDT and chlordane or their related compounds. 
These differences in concentration, however, could be 
a result of the greater range in concentrations assessed 
nationally, or due to the limited number of samples 
collected in the MOBL, compared to the number of 
samples collected nationally. Otherwise, 
concentrations reported in whole-fish tissue in the 
MOBL River Basin are less than or similar to (within 
1 µg/kg) those reported nationally.

Maximum concentrations of organochlorine 
compounds in fish-tissue samples typically were higher 
nationally than in the MOBL Study Unit, excluding 
heptachlor epoxide. Concentrations of organochlorine 
compounds nationally might be expected to be higher 
than those in the MOBL Study Unit because of site-
selection criteria used in some NAWQA Study Units. 
In order to quantify conditions in the study basins, 
some national NAWQA sites were selected based on 
the known or suspected presence of organochlorine 
compound contamination in streams. Concentrations 
24  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998
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Figure 7.  Floating bar charts of statistical distributions of concentrations of organochlorine compounds in whole-fish tissue samples 
from the Mobile River Basin and in 1991 and 1994 National Water-Quality Assessment Program Study-Unit data.
of heptachlor epoxide are probably higher in samples 
from the MOBL because of the intensive use of chlor-
dane for termite control locally.

In addition, the frequency at which 
organochlorine compounds were reported in the 
MOBL basin was either similar to (less than 5 percent 
difference in reporting frequency between local and 
national data) or less than for national data, excluding 
total PCB’s, p,p'-DDT, and heptachlor epoxide 
(table 10). Total PCB’s, p,p'-DDT, and heptachlor 
epoxide were reported more frequently in the MOBL 
than nationally (greater than 5 percent difference in 
reporting frequency between local and national data). 
Reasons for these difference in reporting frequency, at 
least when considering p,p'-DDT and heptachlor 
epoxide, are also probably a result of the historical use 
of DDT and chlordane in the Mobile River Basin.

Fish-liver samples from approximately 285 sites 
from the 1991 and 1994 NAWQA Study Units were 
analyzed for 22 trace elements, and all except 
beryllium (95 percent) were reported (table 11). Fish-
liver samples from the MOBL were analyzed for the 
same trace elements, and all except antimony, 
beryllium, and uranium (86 percent) were reported. 
Antimony and uranium were reported in fish-liver 
samples from only 6 percent of the sites nationally 
(table 11). Because of the low reporting frequency of 
these trace elements in fish-liver tissues nationally, 
detections of these trace elements likely would not be 
expected in the MOBL Study Unit.

Maximum trace-element concentrations in fish-
liver tissue reported in the 1991 and 1994 NAWQA 
Study Unit samples typically were higher than those in 
the MOBL Study Unit, and sometimes substantially 
higher (table 10; fig. 8). This difference may be a result 
of site-selection criteria used in some NAWQA Study 
Units to quantify sites with suspected or known 
contamination and different rock types in other parts of 
the Nation. Nationally, minimum, 25th percentile, 
median, and 75th percentile concentrations of several 
trace elements in fish-liver samples were lower than 
those from the MOBL Study Unit probably because of 
the greater range in concentrations quantified 
nationally. Boron was the only trace element from the 
MOBL basin with concentrations consistently higher 
than those reported nationally. Geological sources of 
boron are typically associated with the western half of 
the United States and probably do not account for these 
higher concentrations (Hulbert and Klein, 1977). Other 
sources for boron in the MOBL basin include borax in 
soaps, antiseptics, and preservatives and many 
metallurgical processes (Hulbert and Klein, 1977).

The frequency with which trace elements were 
reported in fish-liver tissue was generally similar 
between MOBL and national samples (less than 
5 percent difference in reporting frequency between 
local and national data). The only exceptions were 
aluminum, barium, chromium, cobalt, lead, nickel, and 
strontium, which were reported more frequently in the 
MOBL than nationally.
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Figure 8.  Floating bar charts of statistical distributions of concentrations of trace elements in fish-liver tissue samples from the Mobile River Basin and 
in 1991 and 1994 National Water-Quality Assessment Program Study-Unit data.
Streambed-Sediment Samples

During this study, 21 streambed-sediment 
samples from 21 sites were collected and analyzed for 
organochlorine compounds and trace elements. 
Sediment samples were collected at one site, Bogue 
Chitto Creek (site 12), in 1999. Sampling at this site 
was postponed during 1998 because of low-flow 
conditions.

Of the 21 streambed-sediment samples analyzed, 
11 (52 percent) contained concentrations of 
organochlorine compounds (tables 12, 13). Five of 
these 11 streambed-sediment samples (45 percent) 
contained multiple organochlorine compounds, and  
6 samples (55 percent) contained a single compound 
(fig. 9). No organochlorine compounds were reported 
in 10 of the streambed-sediment samples (48 percent). 
The greatest number of organochlorine compounds 
were reported in the Valley Creek sample (site 15, 
table 13).

Of the 32 organochlorine compounds analyzed in 
21 streambed-sediment samples, 13 (41 percent)  

were reported (table 12). The organochlorine 
compounds reported were -DDE, -DDD,  
trans-chlordane, cis-chlordane, trans-nonachlor,  
p,p'-DDT, dieldrin, PCB’s, cis-nonachlor, 
oxychlordane, o,p'-DDD, o,p'-DDT, and o,p'-DDE. The 
most frequently reported compound was  
p,p'-DDE. PCB’s had the highest concentration 
reported.

All of the organochlorine compounds reported in 
streambed-sediment samples except one, PCB’s, are 
organochlorine pesticides or related compounds. PCB’s 
were used in industry as a plasticizer, lubricant, and 
dielectric fluid in capacitors and transistors (U.S. 
Environmental Protection Agency, 1992).

Multiple trace elements were reported in all 
21 samples analyzed from the 21 sites. MOBL 
streambed-sediment samples were analyzed for 
44 trace elements, and all but 8 (82 percent) were 
reported in all samples (table 14). A total of 98 percent 
of the trace elements analyzed were reported. Gold was 
the only trace element not reported, and bismuth was 
reported at one site only. 
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Table 13. Sites in the Mobile River Basin where organochlorine compounds were reported in streambed-sediment samples 
[Site locations are shown in figure 2; number in parentheses is the U.S. Geological Survey downstream order number; Blvd.,  
Boulevard; PCB’s, polychlorinated biphenyls]

Site identification and organic compounds reported
Site 1. Coosa River near Rome, GA (02397000) — 1 compound reported

p,p'-DDE
Site 2. Chattooga River above Gaylesville, AL (02398300) — 1 compound reported

p,p'-DDE
Site 4. Three Mile Branch at North Blvd. at Montgomery, AL (02419977) — 7 compounds reported

cis-Chlordane  p,p'-DDE trans-Nonachlor
trans-Chlordane p,p'-DDT
p,p'-DDD Dieldrin

Site 7. Shades Creek at Homewood, AL (02423581) — 3 compounds reported

cis-Chlordane trans-Chlordane trans-Nonachlor
Site 8. Cahaba River at Centreville, AL (02424000) — 1 compound reported

p,p'-DDD
Site 10. Town Creek at Tupelo, MS (02434000) — 1 compound reported

p,p'-DDE
Site 11. Buttahatchee River near Aberdeen, MS (02439400) — 1 compound reported

p,p'-DDE
Site 13. Lost Creek above Parrish, AL (02454055) — 4 compounds reported

cis-Chlordane p,p'-DDD
trans-Chlordane trans-Nonachlor

Site 14. Locust Fork below Snead, AL (02454500) — 3 compounds reported

p,p'-DDD p,p'-DDT p,p'-DDE
Site 15. Valley Creek near Bessemer, AL (02461500) — 13 compounds reported

cis-Chlordane  p,p'-DDE trans-Nonachlor
trans-Chlordane o,p'-DDT Oxychlordane
o,p'-DDD p,p'-DDT PCB’s
p,p'-DDD Dieldrin
o,p'-DDE cis-Nonachlor

Site 18. Cribbs Mill Creek at Tuscaloosa, AL (02465288) — 1 compound reported

trans-Chlordane
32  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Figure 9. Sites in the Mobile River Basin where organochlorine compounds were reported in streambed- sediment 
samples.
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Comparison of Concentrations of Organochlorine 
Compounds and Trace Elements in Streambed-Sediment 
Samples to Standards and Guidelines

Concentrations of organochlorine compounds 
and trace elements in streambed-sediment samples 
from the MOBL basin were compared to consensus-
based sediment-quality guidelines (SQG’s), and mean 
probable-effects concentrations (PEC’s) quotients were 
calculated for each sample. Only mean PEC quotients 
and PEC’s are presented in this report. The PEC’s 
represent concentrations above which effects to aquatic 
organisms would be expected to be frequent 
(MacDonald and others, 2000). Mean PEC quotients 
greater than 0.5 are predicted to be toxic to sediment-
dwelling organisms.

Organochlorine compound and trace element 
concentrations reported in streambed-sediment 
samples exceeded PEC’s at five sites. These sites were 
Valley (site 15), Lost (site 13), Pintlalla (site 5), and 
Bogue Chitto (site 12) Creeks and the Black Warrior 
River (site 16) (table 15; fig. 10).

Although concentrations of five trace elements 
exceeded PEC’s, chlordane was the only 
organochlorine compound to exceed a PEC in 
streambed sediment (Valley Creek, site 15). 
Concentrations of arsenic, chromium, lead, nickel, and 
zinc exceeded their respective PEC’s. The arsenic 
concentration in the sample from the Black Warrior 
River (site 16) exceeded the PEC for streambed 
sediment. Zinc and lead concentrations were higher 
than PEC’s in the sample from Valley Creek (site 15). 
Nickel concentrations exceeded the PEC in the sample 
from Lost Creek (site 13), and chromium 
concentrations were higher than the PEC in samples 
from Pintlalla (site 5) and Bogue Chitto (site 12) 
Creeks (table 15). 

Mean PEC quotients were greater than 0.5 at two 
sites — Pintlalla (site 5) and Valley (site 15) Creeks. 
The mean PEC quotient was higher than 0.5 at Pintlalla 
Creek because of the concentration of chromium 
(table 15; fig. 10). The mean PEC quotient was higher 
than 0.5 at Valley Creek as a result of concentrations of 
total chlordane, lead, and zinc (table 15; fig. 10).
Table 15. Comparison of concentrations of organochlorine compounds and trace elements in streambed-sediment samples from the Mobile River 
Basin with consensus-based probable-effects guidelines
[µg/g, microgram per gram; PEC, consensus-based probable-effects concentration; NA, not applicable; µg/kg, microgram per kilogram;  site locations 
are shown in figure 2]

Analyte

Consensus-based 
probable-effects 
concentration, 

in µg/g dry weight

Sites where 
probable-effects 

concentration 
was exceeded

Concentration in 
streambed-sediment 

sample, 
in µg/g dry weight

Mean PEC quotienta (0.5)

a The mean PEC quotient is a unitless value.

NA Pintlalla Creek (site 5)
Valley Creek (site 15)

NA

Total chlordane 17.6 Valley Creek (site 15) 25 (µg/kg)

Arsenic 33 Black Warrior River (site 16) 34

Chromium 111 Pintlalla Creek (site 5)
Bogue Chitto Creek (site 12)

167
120

Lead 128 Valley Creek (site 15) 156

Nickel 48.6 Lost Creek (site 13) 49

Zinc 459 Valley Creek (site 15) 514
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Figure 10. Sites in the Mobile River Basin where concentrations of organochlorine compounds and trace elements 
exceeded probable-effects concentrations and mean quotients in streambed-sediment samples.
Relation of Organochlorine Compounds and Trace Elements 
in Streambed-Sediment Samples to Land Use

Total DDT and the total concentration and 
number of all organochlorine compounds reported in a 
sample were related to land use, based on the test 
statistic at the 95-percent confidence level. Total DDT 

and the total concentrations and numbers of all 
organochlorine compounds reported in streambed 
sediment at a site were negatively related to the amount 
of agriculture within a basin (table 16).

Concentrations of antimony, cadmium, cobalt, 
lead, lithium, manganese, niobium, tantalum, and zinc
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Table 16. Spearman-rho rank correlations of land use and concentrations of organochlorine  
compounds in streambed-sediment samples from the Mobile River Basin

Correlation with percentage of land use

Total DDT
Total 

organochlorine 
concentration

Total number of 
organochlorine 

compounds 
reported

Agricultural land use

Spearman-rho statistic – 0.714 – 0.651 – 0.641

p-value .031 .030 .034

Number of sites where reported 9 11 11
in streambed sediment were significantly correlated to 
land use based on non-normalized data and the test sta-
tistic. When the data were normalized, however, most 
of the correlations were no longer apparent (table 17).

Although normalized data may indicate 
otherwise, some of the concentrations of trace elements 
probably are related to land use. This is supported by 
several facts. Concentrations of only one trace element 
related to land use, niobium, was correlated to the 
percentage of organic carbon in the samples. The trace 
element that was correlated to land use after 
normalizing was phosphorus, which also was 
correlated with the percentage of organic carbon based 

on the Spearman-rho statistic at the 95-percent 
confidence level. In addition, there was no relation to 
percentages of organic carbon and land use. This is 
why many correlations were no longer apparent after 
normalization, except for the trace element with a 
positive relation to percentages of organic carbon.   
Therefore, sediment samples from sites with the 
highest concentrations of most trace elements reported 
did not necessarily have the highest percentages of 
organic carbon. For these reasons, the trace elements 
that appeared to be related to land-use percentages 
before normalizing probably are related, and likely are 
Table 17. Spearman-rho rank correlations of land use and concentrations of trace elements in streambed-sediment samples from the Mobile River 
Basin
[—, no correlation; NA, not applicable]

Correlation with percentage of land use
Antimony Cadmium Cobalt Lead Lithium Manganese Niobium Tantalum Zinc

Urban land use

Spearman-rho 
statistic

0.550 0.508 — 0.663 — — – 0.481 – 0.470 0.478

p-value .010 .026 — .001 — — .027 .049 .028

Number of sites 
where reported

21 19 NA 21 NA NA 21 18 21

Agricultural land use

Spearman-rho 
statistic

– 0.509 — – 0.5 – 0.500 0.449 0.447 0.492 — —

p-value .019 — .010 .021 .041 .042 .023 — —

Number of sites 
where reported

21 NA 21 21 21 21 21 NA NA

Forested land use

Spearman-rho 
statistic

— – 0.570 0.597 — — — — — —

p-value — .011 .004 — — — — — —

Number of sites 
where reported

NA 19 21 NA NA NA NA NA NA
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from sources with low amounts of organic carbon  
associated with them. This also seems reasonable in 
that the majority of the trace elements in question were 
positively related to the amount of urban land use in a 
basin. Urban land use may not have large allochthenous 
carbon inputs when compared to other land uses. In 
addition, there are a large number of potential sources 
of trace elements in urban settings. Examples of 
potential sources of these trace elements in streambed-
sediment include industrial effluents, pipes, and runoff 
from roadways and steel-production facilities, 
although in the MOBL basin, geology also may have 
contributed to the observed concentrations. Adequate 
data from the different geological settings in the study 
area are not available to test for this hypothesis.

In addition, the streambed-sediment samples 
analyzed were less than a 63-micron fraction and 
contained very little carbon. The maximum percentage 
of organic carbon was 2.7 percent, with a range of only 
1.83 percent. So, there was only a slight difference 
between samples when considering organic carbon, 
and potentially not enough of a difference to account 
for the observed concentration ranges. Also, some trace 
elements are known to be associated with fine clay 
particles, and the laboratory used a total-extraction 
method that would liberate these trace elements from 
the particles regardless of the percentage of carbon.

Comparison of Concentrations of Organochlorine 
Compounds and Trace Elements in Streambed-Sediment 
Samples to 1991 and 1994 National Water-Quality 
Assessment Study-Unit Data

At the selected RL’s, streambed-sediment 
samples from 820 NAWQA sites across the Nation 
were analyzed for 32 organochlorine compounds, and 
26 organochlorine compounds (81 percent) were 
reported (table 18). The most frequently reported 
compound locally and nationally was p,p'-DDE. 
Organochlorine compounds that were not reported in 
streambed-sediment samples nationally were 
chloroneb, endrin, heptachlor, isodrin, o,p'-
methoxychlor, and pentachloroanisole. These 
compounds also were not reported in streambed-
sediment samples from the MOBL Study Unit.

Eighteen of the 26 organochlorine compounds 
(69 percent) reported nationally were reported at less 
than 10 percent of the NAWQA sites (table 18). These 
organochlorine compounds are aldrin, DCPA, o,p'-
DDD, o,p'-DDE, o,p'-DDT, endosulfan I, alpha-BHC, 
beta-BHC, heptachlor epoxide, hexachlorobenzene, 

lindane, p,p'-methoxychlor, mirex, cis-nonachlor, 
oxychlordane, cis-permethrin, trans-permethrin, and 
toxaphene. Five of these organochlorine compounds 
were reported in less than 10 percent of the streambed-
sediment samples from the MOBL Study Unit —  
o,p'-DDD, o,p'-DDE, o,p'-DDT, cis-nonachlor, and 
oxychlordane. The remainder of these compounds —  
aldrin, DCPA, endosulfan I, alpha-BHC, beta-BHC, 
heptachlor epoxide, hexachlorobenzene, lindane,  
p,p'-methoxychlor, mirex, cis-permethrin, trans-
permethrin and toxaphene — were not reported in the 
MOBL basin.

Eight organochlorine compounds (31 percent) 
were reported in streambed-sediment samples 
nationally at 10 percent or more of the NAWQA sites. 
These organochlorine compounds are cis-chlordane, 
trans-chlordane, p,p'-DDD, p-p'-DDE, p,p'-DDT, 
dieldrin, trans-nonachlor, and PCB’s. These same 
organochlorine compounds, except PCB’s, which were 
reported at 4.7 percent of the sites, also were reported 
at 10 percent or more of the MOBL Study-Unit sites 
(table 18).

The percentage of sites where organochlorine 
compounds were reported and minimum, 25th 
percentile, median, and 75th percentile concentrations 
of organochlorine compounds in streambed-sediment 
samples from the MOBL Study Unit generally were 
similar to (within 5-percent detection frequency and 
concentrations within 1 µg/kg) or less than those 
reported nationally, although there were some 
exceptions (table 18; fig. 11). Differences in these 
concentrations may be a result of the greater range in 
concentrations quantified nationally. Indications that a 
greater range in concentrations was quantified 
nationally are the lower frequency at which and the 
limited number of analyses in which these compounds 
were reported in the MOBL Study Unit. One 
compound, trans-chlordane, was reported more 
frequently in the MOBL Study Unit than nationally 
(table 18).

Nationally, maximum concentrations of some 
organochlorine compounds were at least 10 times 
greater than those reported in the MOBL (table 10; 
fig. 11). The only compound reported at a higher 
maximum concentration locally, than nationally, was 
trans-chlordane. However, the concentration of trans-
chlordane (25 µg/kg) reported in a sample from the 
MOBL basin was only slightly higher than the 
maximum nationally (23 µg/kg). Higher maximum 
concentrations reported in the 1991 and 1994 Study 
Streambed-Sediment Samples  39
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42
Figure 11. Floating bar charts of statistical distributions of concentrations of organochlorine compounds in streambed-sediment samples  
from the Mobile River Basin and in 1991 and 1994 National Water-Quality Assessment Program Study-Unit data.
Units may be a result of site-selection criteria 
used in some of the NAWQA Study Units as previously 
described in the fish-tissue section of this report. 

Of the 44 trace elements analyzed in MOBL 
streambed-sediment samples, only 40 were readily 
comparable at the common censoring level (table 19). 
Nationally, bismuth, gold, holmium, and tantalum had 
too few samples censored at the current RL used by the 
NWQL to enable comparison with data from the 
MOBL Study Unit.

The percentage of sites where a trace elements 
was reported and the minimum and quartile 
concentrations reported in streambed-sediment 
samples from the MOBL basin were similar to (within 
1 µg/g in concentration or within 5 percent difference 
in reporting frequency) or less than those reported 

nationally, although there were several exceptions. 
Minimum, 25th percentile, median, and 75th percentile 
concentrations of several trace elements analyzed in 
streambed-sediment samples in the MOBL were 
slightly greater than those nationally, probably as a 
result of a wider range in concentrations characterized 
nationally. Mercury, silver, and ytterbium were 
reported more frequently in the MOBL than nationally, 
although at similar concentrations (table 19). 
Maximum concentrations typically were higher in the 
national NAWQA streambed-sediment samples 
(table 19; fig. 12). This may be a result of site-selection 
criteria used in some of the NAWQA Study Units. Sites 
of suspected or known trace-element contamination 
were selected for sampling in some NAWQA Study 
Units to quantify the worse-case scenario.
  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Ta
bl

e 
19

. 
Su

m
m

ar
y 

da
ta

 fo
r t

ra
ce

 e
le

m
en

ts
 in

 s
tre

am
be

d-
se

di
m

en
t s

am
pl

es
 fr

om
 th

e 
M

ob
ile

 R
iv

er
 B

as
in

 a
nd

 fr
om

 1
99

1 
an

d 
19

94
 N

at
io

na
l W

at
er

-Q
ua

lit
y 

As
se

ss
m

en
t S

tu
dy

 U
ni

ts
 n

at
io

nw
id

e 
[µ

g/
g,

 m
ic

ro
gr

am
 p

er
 g

ra
m

; M
O

B
L

, M
ob

ile
 R

iv
er

 B
as

in
 S

tu
dy

 U
ni

t; 
—

, n
ot

 r
ep

or
te

d]

Tr
ac

e 
el

em
en

t 
an

d 
re

po
rt

in
g 

le
ve

l

Da
ta

 s
ou

rc
e 

an
d 

 n
um

be
r o

f s
ite

s

N
um

be
r o

f 
si

te
s 

w
he

re
 

co
nc

en
tr

at
io

ns
 

w
er

e 
re

po
rt

ed

M
in

im
um

 
co

nc
en

tr
at

io
n,

in
 µ

g/
g 

dr
y 

w
ei

gh
t

Co
nc

en
tr

at
io

ns
, 

in
 µ

g/
g 

dr
y 

w
ei

gh
t, 

w
ith

in
 th

e 
25

th
 p

er
ce

nt
ile

M
ed

ia
n 

co
nc

en
tr

at
io

n,
 

in
 µ

g/
g 

dr
y 

w
ei

gh
t

Co
nc

en
tr

at
io

ns
, 

in
 µ

g/
g 

dr
y 

w
ei

gh
t, 

w
ith

in
 th

e 
75

th
 p

er
ce

nt
ile

M
ax

im
um

 
co

nc
en

tr
at

io
n,

 
in

 µ
g/

g 
dr

y 
w

ei
gh

t

Fr
eq

ue
nc

y 
of

 d
et

ec
tio

n,
 

in
 p

er
ce

nt

A
lu

m
in

um
a  

0.
00

5%
 o

f 
sa

m
pl

e
M

O
B

L
 (

21
 s

ite
s)

21
3.

3
5.

4
6.

8
8

10
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
1.

4
5.

3
6.

3
7.

5
14

10
0

A
nt

im
on

y 
0.

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
.4

.5
3

.6
.9

3.
3

10
0

N
at

io
na

l (
75

6 
si

te
s)

75
3

.2
.6

.9
1

24
99

.6
0

A
rs

en
ic

 
0.

1 
µg

/g
 

M
O

B
L

 (
21

 s
ite

s)
21

3.
8

8.
5

11
16

34
10

0
N

at
io

na
l (

76
5 

si
te

s)
76

4
1

5
6.

9
10

11
0

99
.8

7
B

ar
iu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
23

0
32

0
43

0
52

0
4,

30
0

10
0

N
at

io
na

l (
77

5 
si

te
s)

77
5

6
38

0
49

0
58

0
1,

60
0

10
0

B
er

yl
li

um
 

0.
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

1
1.

4
2.

1
2.

4
2.

6
10

0
N

at
io

na
l (

70
2 

si
te

s)
70

2
1

1
2

2
20

10
0

B
is

m
ut

h 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
0

—
—

—
—

—
0

N
at

io
na

l (
2 

si
te

s)
1

20
20

20
20

20
50

C
ad

m
iu

m
 

0.
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
13

.2
.2

.2
.3

1.
3

61
.9

0
N

at
io

na
l (

77
5 

si
te

s)
72

4
.1

6
.3

.5
.9

57
93

.4
2

C
al

ci
um

a  
0.

00
5%

 o
f 

sa
m

pl
e

M
O

B
L

 (
21

 s
ite

s)
21

.1
.2

7
.3

9
.7

4
6.

7
10

0
N

at
io

na
l (

77
0 

si
te

s)
77

0
.1

.6
4

1.
5

3.
4

28
10

0
C

er
iu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
56

80
96

12
0

16
0

10
0

N
at

io
na

l (
77

1 
si

te
s)

77
1

13
56

73
96

36
0

10
0

C
hr

om
iu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
32

54
78

96
17

0
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
8

51
65

83
63

0
10

0
C

ob
al

t 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

8
13

14
22

32
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
2

11
16

22
21

0
10

0
C

op
pe

r 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

11
20

22
28

73
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
1

18
28

43
62

0
10

0
E

ur
op

iu
m

 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
15

1.
6

2
2

2
3

71
.4

3
N

at
io

na
l (

80
 s

ite
s)

80
1.

3
2

2
3

37
10

0
G

al
liu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
7

13
16

18
27

10
0

N
at

io
na

l (
76

2 
si

te
s)

76
2

4
12

16
19

50
10

0
G

ol
d 1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

0
—

—
—

—
—

0
N

at
io

na
l (

2 
si

te
s)

1
8

8
8

8
8

50
H

ol
m

iu
m

 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
8

2
2

2
2

3
38

.1
0

N
at

io
na

l (
3 

si
te

s)
3

1.
2

1.
2

4
4

4
10

0

Streambed-Sediment Samples  43



4

Ir
on

a  
1%

 o
f 

sa
m

pl
e

M
O

B
L

 (
21

 s
ite

s)
21

1.
8

3.
2

3.
7

4.
7

6.
5

10
0

N
at

io
na

l (
78

1 
si

te
s)

78
1

.7
2.

6
3.

5
4.

5
21

10
0

L
an

th
an

um
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
31

39
53

61
78

10
0

N
at

io
na

l (
77

3 
si

te
s)

77
3

9
31

40
52

20
0

10
0

L
ea

d 1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
17

22
26

30
16

0
10

0
N

at
io

na
l (

78
1 

si
te

s)
77

6
6

19
29

45
.5

2,
30

0
99

.3
6

L
ith

iu
m

 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

16
33

38
49

97
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
6

23
30

50
91

10
0

M
ag

ne
si

um
a  

0.
00

5%
 o

f 
sa

m
pl

e
M

O
B

L
 (

21
 s

ite
s)

21
.1

5
.2

8
.4

5
.5

3
.8

5
10

0
N

at
io

na
l (

77
1 

si
te

s)
77

1
.0

7
.4

9
.7

9
1.

1
4.

7
10

0
M

an
ga

ne
se

 
4 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

38
0

1,
00

0
1,

40
0

2,
60

0
5,

90
0

10
0

N
at

io
na

l (
78

1 
si

te
s)

78
1

53
68

0
1,

00
0

1,
70

0
34

,0
00

10
0

M
er

cu
ry

 
0.

02
 µ

g/
g

M
O

B
L

 (
21

 s
ite

s)
21

.0
4

.0
5

.0
5

.0
7

.2
3

10
0

N
at

io
na

l (
78

0 
si

te
s)

66
9

.0
3

.0
5

.0
8

.1
5

14
.5

85
.7

7
M

ol
yb

de
nu

m
 

0.
5 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

.6
1

1.
2

1.
8

4.
7

10
0

N
at

io
na

l (
51

 s
ite

s)
51

.5
2

2
3

6
26

0
10

0
N

eo
dy

m
iu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
23

34
45

54
68

10
0

N
at

io
na

l (
76

4 
si

te
s)

76
4

5
27

34
46

18
0

10
0

N
ic

ke
l 

2 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
9

25
29

34
49

10
0

N
at

io
na

l (
78

1 
si

te
s)

78
1

6
21

28
38

40
0

10
0

N
io

bi
um

 
4 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

9
14

16
18

28
10

0
N

at
io

na
l (

76
9 

si
te

s)
71

8
5

9
12

16
68

93
.3

7
Ph

os
ph

or
us

a  
0.

00
5%

 o
f 

sa
m

pl
e

M
O

B
L

 (
21

 s
ite

s)
21

.0
2

.0
5

.0
8

.1
0

.1
6

10
0

N
at

io
na

l (
77

1 
si

te
s)

77
1

.0
3

.0
9

.1
2

.1
6

1.
8

10
0

P
ot

as
si

um
a  

0.
00

5%
 o

f 
sa

m
pl

e
M

O
B

L
 (

21
 s

ite
s)

21
.5

3
.8

1
1.

1
1.

4
2.

4
10

0
N

at
io

na
l (

77
1 

si
te

s)
77

1
.0

6
1.

1
1.

4
1.

8
3.

1
10

0
Sc

an
di

um
 

2 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
5

8
11

14
20

10
0

N
at

io
na

l (
76

9 
si

te
s)

76
8

3
8

11
14

53
99

.8
7

Se
le

ni
um

 
0.

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
.3

.5
.6

.8
1.

6
10

0
N

at
io

na
l (

77
8 

si
te

s)
77

5
.1

7
.5

.7
1.

1
13

99
.6

1
S

ilv
er

 
0.

1 
µg

/g
M

O
B

L
 (

20
 s

ite
s)

18
.5

.7
.8

.9
1.

7
90

N
at

io
na

l (
77

0 
si

te
s)

54
9

.1
2

.2
.3

.5
12

.8
71

.3
0

Ta
bl

e 
19

. 
Su

m
m

ar
y 

da
ta

 fo
r t

ra
ce

 e
le

m
en

ts
 in

 s
tre

am
be

d-
se

di
m

en
t s

am
pl

es
 fr

om
 th

e 
M

ob
ile

 R
iv

er
 B

as
in

 a
nd

 fr
om

 1
99

1 
an

d 
19

94
 N

at
io

na
l W

at
er

-Q
ua

lit
y 

As
se

ss
m

en
t S

tu
dy

 U
ni

ts
 

na
tio

nw
id

e —
 Co

nt
in

ue
d

Tr
ac

e 
el

em
en

t 
an

d 
re

po
rt

in
g 

le
ve

l

Da
ta

 s
ou

rc
e 

an
d 

 n
um

be
r o

f s
ite

s

N
um

be
r o

f 
si

te
s 

w
he

re
 

co
nc

en
tr

at
io

ns
 

w
er

e 
re

po
rt

ed

M
in

im
um

 
co

nc
en

tr
at

io
n,

in
 µ

g/
g 

dr
y 

w
ei

gh
t

Co
nc

en
tr

at
io

ns
, 

in
 µ

g/
g 

dr
y 

w
ei

gh
t, 

w
ith

in
 th

e 
25

th
 p

er
ce

nt
ile

M
ed

ia
n 

co
nc

en
tr

at
io

n,
 

in
 µ

g/
g 

dr
y 

w
ei

gh
t

Co
nc

en
tr

at
io

ns
, 

in
 µ

g/
g 

dr
y 

w
ei

gh
t, 

w
ith

in
 th

e 
75

th
 p

er
ce

nt
ile

M
ax

im
um

 
co

nc
en

tr
at

io
n,

 
in

 µ
g/

g 
dr

y 
w

ei
gh

t

Fr
eq

ue
nc

y 
of

 d
et

ec
tio

n,
 

in
 p

er
ce

nt
4  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



So
di

um
a  

0.
00

5%
 o

f 
sa

m
pl

e
M

O
B

L
 (

21
 s

ite
s)

21
0.

06
0.

09
0.

12
0.

18
0.

43
10

0
N

at
io

na
l (

77
1 

si
te

s)
77

1
.0

2
.2

4
.6

1
.9

6
2.

4
10

0
St

ro
nt

iu
m

 
2 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

38
46

64
86

33
0

10
0

N
at

io
na

l (
78

1 
si

te
s)

78
1

17
90

14
0

21
0

1,
60

0
10

0
Su

lf
ur

a  
0.

05
%

 o
f 

sa
m

pl
e

M
O

B
L

 (
19

 s
ite

s)
7

.0
6

.0
7

.1
.1

9
.2

1
36

.8
4

N
at

io
na

l (
76

0 
si

te
s)

58
6

.0
6

.0
8

.1
2

.2
1

1.
69

77
.1

1
Ta

nt
al

um
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

10
2

2
2

2
2.

6
47

.6
2

N
at

io
na

l (
1 

si
te

)
0

—
—

—
—

—
0

T
ho

ri
um

 
1 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

9
12

13
18

21
10

0
N

at
io

na
l (

72
8 

si
te

s)
72

8
2.

9
9.

58
12

15
.7

91
10

0
T

in
 1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
2

2
3

3
20

10
0

N
at

io
na

l (
33

 s
ite

s)
33

2.
7

6
9

16
54

10
0

T
ita

ni
um

a  
0.

05
%

 o
f 

sa
m

pl
e

M
O

B
L

 (
21

 s
ite

s)
21

.3
1

.4
4

.4
9

.5
8

.8
1

10
0

N
at

io
na

l (
75

8 
si

te
s)

75
8

.0
5

.2
8

.3
6

.4
8

1.
9

10
0

U
ra

ni
um

 
0.

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
2.

4
3.

1
3.

8
4.

1
5.

8
10

0
N

at
io

na
l (

75
6 

si
te

s)
75

6
.6

7
3.

02
3.

96
5.

49
45

.2
10

0
V

an
ad

iu
m

 
2 

µg
/g

M
O

B
L

 (
21

 s
ite

s)
21

44
74

99
11

0
14

0
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
14

70
88

11
0

38
0

10
0

Y
tte

rb
iu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
2

2.
6

3
3

4
10

0
N

at
io

na
l (

76
9 

si
te

s)
68

2
2

2
2

3
12

88
.6

9
Y

ttr
iu

m
 

1 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
15

23
26

29
40

10
0

N
at

io
na

l (
77

1 
si

te
s)

77
1

4
19

23
29

13
0

10
0

Z
in

c 2 
µg

/g
M

O
B

L
 (

21
 s

ite
s)

21
41

96
11

0
13

0
51

0
10

0
N

at
io

na
l (

78
1 

si
te

s)
78

1
21

86
12

0
18

0
9,

00
0

10
0

a  T
ra

ce
 e

le
m

en
t w

as
 r

ep
or

te
d 

as
 a

 p
er

ce
nt

ag
e 

of
 th

e 
sa

m
pl

e 
an

d 
no

t a
s 

a 
un

it 
of

 m
ea

su
re

 in
 m

ic
ro

gr
am

s 
pe

r 
gr

am
.

Ta
bl

e 
19

. 
Su

m
m

ar
y 

da
ta

 fo
r t

ra
ce

 e
le

m
en

ts
 in

 s
tre

am
be

d-
se

di
m

en
t s

am
pl

es
 fr

om
 th

e 
M

ob
ile

 R
iv

er
 B

as
in

 a
nd

 fr
om

 1
99

1 
an

d 
19

94
 N

at
io

na
l W

at
er

-Q
ua

lit
y 

As
se

ss
m

en
t S

tu
dy

 U
ni

ts
 

na
tio

nw
id

e —
 Co

nt
in

ue
d

Tr
ac

e 
el

em
en

t 
an

d 
re

po
rt

in
g 

le
ve

l

Da
ta

 s
ou

rc
e 

an
d 

 n
um

be
r o

f s
ite

s

N
um

be
r o

f 
si

te
s 

w
he

re
 

co
nc

en
tr

at
io

ns
 

w
er

e 
re

po
rt

ed

M
in

im
um

 
co

nc
en

tr
at

io
n,

in
 µ

g/
g 

dr
y 

w
ei

gh
t

Co
nc

en
tr

at
io

ns
, 

in
 µ

g/
g 

dr
y 

w
ei

gh
t, 

w
ith

in
 th

e 
25

th
 p

er
ce

nt
ile

M
ed

ia
n 

co
nc

en
tr

at
io

n,
 

in
 µ

g/
g 

dr
y 

w
ei

gh
t

Co
nc

en
tr

at
io

ns
, 

in
 µ

g/
g 

dr
y 

w
ei

gh
t, 

w
ith

in
 th

e 
75

th
 p

er
ce

nt
ile

M
ax

im
um

 
co

nc
en

tr
at

io
n,

 
in

 µ
g/

g 
dr

y 
w

ei
gh

t

Fr
eq

ue
nc

y 
of

 d
et

ec
tio

n,
 

in
 p

er
ce

nt
Streambed-Sediment Samples  45



Figure 12. Floating bar charts of statistical distributions of concentrations of trace elements in streambed-sediment samples from the Mobile River 
Basin and in 1991 and 1994 National Water-Quality Assessment Program Study-Unit data. (1Trace element was reported as a percentage of the sample and not 
as a unit of measure in micrograms per gram.)
Comparison Between Sampling Media

Whole-fish tissue and streambed-sediment 
samples from the MOBL Study Unit were analyzed  
for 33 organochlorine compounds. About half, or 
55 percent, of the 33 compounds were reported in the 
MOBL. These two sampling media had 27 analytes 
(81 percent) in common (table 20). A total of 18 
(67 percent) of the organochlorine compounds were 
reported in either media, and 10 (37 percent) were 
reported in both media. Sixteen (59 percent) of the 
27 compounds in common between these media were 
reported in whole-fish tissues, whereas 12 (44 percent) 

of the compounds were reported in streambed-sediment 
samples from the MOBL (table 20).

Although streambed-sediment samples were 
analyzed for a greater number of compounds from a 
greater number of sites than were fish-tissue samples, 
tissue samples had a greater number of compounds 
reported and greater reporting frequency when 
considering both samples and sites than did streambed 
sediments. Of the 28 organochlorine compounds 
analyzed in whole-fish tissue samples, 16 (57 percent) 
were reported from 16 of the 19 sites (84 percent) 
sampled (fig. 13). Twelve (41 percent) of the 
32 organochlorine compounds analyzed in streambed-
46  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



 

Table 20. Organochlorine compounds analyzed in streambed-sediment and fish-tissue samples from the Mobile 
River Basin 
[Shaded blocks indicate the analyte was analyzed and reported; blank blocks indicate the analyte was analyzed but not 
reported; BHC, hexachlorocyclohexane; —, the analyte was not analyzed; DCPA, chlorthaldimethyl; PCB’s, polychlori-
nated biphenyls]

Compound
Streambed-

sediment samples
Fish-tissue 

samples

Aldrin

alpha-BHC

beta-BHC

delta-BHC —

cis-Chlordane

trans-Chlordane

Chloroneb —

DCPA

o,p'-DDD

p,p'-DDD

o,p'-DDE

p,p'-DDE

o,p'-DDT

p,p'-DDT

Dieldrin

Endosulfan I —

Endrin

Heptachlor

Heptachlor epoxide

Hexachlorobenzene

Isodrin —

Lindane

o,p'-Methoxychlor

p,p'-Methoxychlor

Mirex

cis-Nonachlor

trans-Nonachlor

Oxychlordane

Pentachloroanisole

cis-Permethrin —

trans-Permethrin —

PCB’s

Toxaphene
sediment samples were reported from 11 of the 21 sites 
(52 percent) sampled. 

One possible explanation for a greater number of 
organochlorine compounds reported with a higher 
frequency in fish-tissue samples is that multiple tissue 
samples were collected at several sites, whereas only a 
single sediment sample was collected at each site. 
Having multiple samples at some sites and a greater 
number of samples overall could increase the potential 
for detection of individual organochlorine compounds 
and the number of organochlorine compounds at 
individual sites. On average, approximately two 
additional organochlorine compounds were reported for 
sites with multiple samples than for sites with only a 
single sample. Other studies, however, have noted 
higher detection frequencies in fish tissue than in 
streambed sediment. These higher detection 
frequencies possibly occur because of bioaccumulation
Comparison Between Sampling Media  47



48  Org
Figure 13. Sites in the Mobile River Basin where organochlorine compounds were reported.
and biomagnification, or because of the greater solu-
bility of organochlorine compounds in fish lipids 
than in organic carbon in streambed sediment (Now-
ell and others, 1999; Steven L. Goodbred, U.S. Geo-
logical Survey, written commun., 2002; tables 4, 11, 
20; fig. 13). In the MOBL basin, 86 percent of the 22 

trace elements analyzed in fish-tissue samples were 
reported (table 21). All sites and samples had report-
able concentrations of trace elements. Ninety-eight 
percent of the 44 trace elements analyzed in 
streambed-sediment samples were reported. All 
sediment-sampling sites had reportable trace-element 
anochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



Table 21. Trace elements analyzed in streambed-sediment and fish-tissue samples from the Mobile River 
Basin 
[Shaded blocks indicate the analyte was analyzed and reported; blank blocks indicate the analyte was analyzed 
but not reported; —, the analyte was not analyzed]

Compound
Streambed-

sediment samples
Fish-tissue 

samples

Aluminum

Antimony

Arsenic

Barium

Beryllium

Bismuth —

Boron —

Cadmium

Calcium —

Cerium —

Chromium

Cobalt

Copper

Europium —

Gallium —

Gold —

Holmium —

Iron

Lanthanum —

Lead

Lithium —

Magnesium —

Manganese

Mercury

Molybdenum

Neodymium —

Nickel

Niobium —

Phosphorus —

Potassium —

Scandium —

Selenium

Silver

Sodium —

Strontium

Sulfur —

Tantalum —

Thorium —

Tin —

Titanium —

Uranium

Vanadium

Ytterbium —

Yttrium —

Zinc
Comparison Between Sampling Media  49



concentrations. Collectively, a total of 44 trace ele-
ments were reported from both media. These two sam-
pling media had 21 analytes in common, 18 of which 
(86 percent) were reported in both media (table 21). 
Antimony, beryllium, and uranium were the only trace 
elements analyzed in both media but only reported in 
streambed-sediment samples. Trace elements typically 
were reported more frequently in streambed-sediment 
samples than in fish-liver samples, possibly because of 
the total extraction method used by the NWQL, which 
is a good indication of what is present in streambed 
sediments as a whole. Fish-tissue samples, however, 
may give a better idea as to which trace elements are 
bioavailable (tables 6, 14, 21).

Spearman-rho rank correlations were calculated 
between the two sampling media using median 
concentrations of organochlorine compounds reported 
in fish-tissue and streambed-sediment samples at each 
site. In addition, the test statistic was calculated for the 
median total concentration and median total number of 
organochlorine compounds reported at each site in each 
medium. Based on the test statistic at the 95-percent 
confidence level, no relation was found between the 
sampling media when considering organochlorine 
compounds.

A Spearman-rho rank correlation also was 
calculated for individual trace-element median 
concentrations at each site in fish tissue and streambed 
sediments. Based on the test statistic at the 95-percent 
confidence level, no relation was evident between the 
two media.

SUMMARY AND CONCLUSIONS

During the summer of 1998, as part of the 
National Water-Quality Assessment Program, a survey 
was conducted to determine which organochlorine 
compounds and trace elements occur in fish tissues and 
streambed sediments in the Mobile River Basin, which 
includes parts of Alabama, Mississippi, Georgia, and 
Tennessee. The data collected were compared to 
guidelines related to wildlife, land use, and to 1991 and 
1994 National Water-Quality Assessment Program 
Study-Unit data.

Twenty-one sites were sampled in subbasins of 
the Mobile River Basin. The subbasins ranged in size 
from about 9 to 22,000 square miles and were 
dominated by either a single land use or a combination 

of land uses. The major land-use categories were urban, 
agriculture, and forest.

Organochlorine compounds are widespread in 
the Mobile River Basin (MOBL). At least one 
organochlorine compound was present at a reportable 
level at a majority of the sampling sites (84 percent) in 
the MOBL and in the whole-fish (80 percent) and 
streambed-sediment (52 percent) samples. A majority 
of sites (75 percent) where fish-tissue samples were 
collected had multiple organochlorine compounds 
reported, as did many of the streambed-sediment 
sampling sites (45 percent). The majority of 
concentrations reported were less than their reporting 
levels (RL’s), typically 5 µg/kg in fish-tissue samples 
and 1 µg/kg in streambed-sediment samples. 
Organochlorine compounds were reported more 
frequently in fish tissue than in streambed-sediment 
samples, possibly because of bioaccumulation and 
biomagnification.

Based on concentrations of organochlorine 
compounds reported in fish-tissue samples from the 
MOBL basin, National Academy of Science and 
National Academy of Engineering (NAS/NAE) 
recommended maximum concentrations, and Canadian 
tissue-residue guidelines (TRG’s), a potential exists for 
adverse effects to piscivorous wildlife at a majority 
(13 of 19 sites or 68 percent) of sites sampled due to 
residues or breakdown products related to PCB’s, 
chlordane, and DDT. Examples of piscivorous wildlife 
inhabiting the MOBL basin include otter, herons, and 
kingfishers. The sites with samples exceeding these 
concentrations are Three Mile Branch (site 4), Cribbs 
(site 18), Hurricane (site 17), Locust (site 14), Lost 
(site 13), Shades (site 7), and Town (site 10) Creeks,  
and the Alabama (site 9), Black Warrior (site 16, 
Chattooga (site 2), Cahaba (site 8), Coosa (site 1),
and Tombigbee (site 19) Rivers.

Although concentration data for streambed-
sediment samples produced using NAWQA sample 
processing and analysis methods may overestimate the 
actual concentration in whole sediment and, therefore, 
overestimate the potential for adverse effects to 
organisms in association with streambed sediment 
when compared to probable-effects concentrations 
(PEC’s), there probably is a potential for adverse 
effects at two sites. Pintlalla (site 5) and Valley (site 15) 
Creeks were the only sites out of five sites, from which 
samples contained concentrations of either 
organochlorine compounds or trace elements that 
exceed PEC’s, to have mean PEC quotients greater 
50  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998



than 0.5. Samples whose mean PEC quotients are 
greater than 0.5 are considered to indicate a high 
probability of adverse effects to organisms in 
association with the streambed sediment at that site. In 
addition, the mean PEC quotient at Valley Creek 
(site 15) was calculated based on multiple analytes 
exceeding their respective PEC’s. Therefore, based on 
the mean PEC quotient and the occurrence of multiple 
analytes above their respective PEC’s, adverse effects 
may occur to organisms in association with streambed 
sediments at the Pintlalla (site 5) and Valley (site 15) 
Creek sites.

The potential harm to wildlife caused by 
exposure to organochlorine compounds and trace 
elements can be due to chronic or acute exposure and, 
depending on the concentration and duration of 
exposure, can be lethal or sub-lethal. Chlordane and its 
related compounds, total DDT, and PCB’s are known to 
have several adverse effects on wildlife. Reduced 
fecundity due to eggshell thinning in several 
piscivorous bird species has been well documented, as 
well as the potential for liver disease and 
carcinogenicity. In addition, endocrine system effects 
have been associated with these compounds. The types 
of adverse effects to wildlife due to concentrations of 
various trace elements also include carcinogenicity, 
liver disease, reduced fecundity, and endocrine 
disruption.

The majority of the 18 organochlorine 
compounds reported in samples from the MOBL basin 
and those compounds most frequently reported were 
chlordane, DDT, PCB’s, or their breakdown products. 
These compounds were prevalent, although the use of 
chlordane and PCB’s has been banned since 1988 and 
for DDT since 1973.

Concentrations of chlordane, total DDT, 
heptachlor epoxide, and the total number and 
concentrations of pesticides reported in a basin were 
related to land use. Concentrations of chlordane and 
heptachlor epoxide in whole-fish tissue were positively 
correlated to the amount of urban land use in a basin. 
Total DDT concentrations in whole-fish tissues were 
positively related to agricultural land use, whereas total 
DDT concentrations in streambed sediments were 
negatively related to agricultural land use. 

It is not surprising that concentrations of 
chlordane, heptachlor epoxide, and the total 
concentration and number of organochlorine 
compounds reported were either positively related to 
urban land use or negatively related to the amount of 

agriculture or forest within a basin. Chlordane, 
although used on crops, was extensively used for 
termite control in urban areas of the termite-prone 
subtropical Southeast. These uses often outstripped 
those of agriculture. In addition, PCB’s often are 
associated with urban areas because they were used in 
electrical transformers and in manufacturing processes. 
The negative relation of these organochlorine 
compounds with agricultural and forested lands can be 
explained by the inverse relation of agricultural and 
forested land uses to the amount of urban land use 
within a basin.

DDT was used extensively for agricultural 
purposes in the United States, and other studies have 
shown the positive relation of concentrations of DDT 
in stream sediments and fish tissue to agricultural land 
use. Thus the observed positive relation of DDT 
concentrations in whole-fish tissue samples from the 
Mobile River Basin to agriculture is probably to be 
expected, although DDT was commonly used for 
mosquito control in urban areas of the South. The 
negative correlation of DDT concentrations in 
streambed sediment to the amount of agriculture in a 
basin is harder to explain. This correlation may be 
because concentrations of DDT in sediment are low 
enough that the relation is not perceptible by using 
current analysis methods but is perceptible in whole-
fish tissues because of bioaccumulation or because the 
correlation may be spurious.

Fewer of the total number of organochlorine 
compounds analyzed both locally and nationally were 
reported in whole-fish tissue (57 percent) and 
streambed-sediment (41 percent) samples in the 
MOBL basin than nationally (96 percent in whole-fish 
tissue samples and 86 percent in streambed-sediment 
samples). The fewer number of compounds reported in 
the MOBL basin is because of the greater number of 
pesticides used nationally than in the MOBL.

Organochlorine compounds that were not 
reported in samples from the MOBL but were reported 
nationally were reported at extremely low frequencies. 
This low frequency of detection nationally may 
indicate a very low probability of detection in any one 
study unit. In addition, sites in some NAWQA Study 
Units were sampled because of known contamination 
to quantify the extent of contamination. This site-
selection criterion probably accounts for the higher 
maximum concentrations reported in the 1991 and 
1994 NAWQA Study Units for many of the 
organochlorine compounds.
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In general, concentrations of organochlorine 
compounds and the frequency with which they were 
reported in whole-fish and streambed-sediment 
samples from the MOBL Study Unit are similar to or 
less than those reported in 1991 and 1994 NAWQA 
Study Units. Exceptions to this generality that cannot 
be explained by the wider range in concentrations 
characterized, the lower reporting frequency, and site-
selection criteria for sites nationally, are the higher 
reporting frequency of heptachlor epoxide, p,p'-DDT, 
and PCB’s in whole-fish samples, higher quartile 
concentrations of heptachlor epoxide and p,p'-DDT in 
whole-fish samples, the higher maximum 
concentration of heptachlor epoxide in whole-fish 
samples, and the higher maximum concentration and 
reporting frequency of trans-chlordane in streambed-
sediment samples in the MOBL Study Unit. The higher 
reporting frequencies and concentrations of heptachlor 
epoxide, p,p'-DDT, and trans-chlordane in samples 
from the MOBL are probably due to the greater use of 
these compounds locally than nationally. The reason 
for the higher reporting frequency of PCB’s is less clear 
but may be due to the production of these compounds 
within the basin.

The majority of trace elements analyzed in fish-
liver tissues (86 percent) and streambed-sediment 
(98 percent) samples were reported during this study. 
All of the fish-liver tissue and streambed-sediment 
samples analyzed contained reportable concentrations 
of multiple trace elements. In addition, multiple trace 
elements were reported in samples from all sites.

When considering the relation of trace-element 
concentrations in samples from the MOBL to land use, 
the picture is not as clear as that for organochlorine 
compounds. This lack of clarity is due to the possibility 
of geologic sources for the trace elements analyzed 
within the MOBL and the ubiquitous nature of many of 
these trace elements. However, there may be a 
correlation between several trace elements and land use 
based on the current analysis.

Concentrations of antimony, cadmium, lead, and 
zinc in streambed-sediment samples were positively 
correlated to the amount of urban land use within a 
basin. This positive correlation of concentrations of 
antimony, cadmium, lead, and zinc to urban land use 
within a basin is reasonable. Several of the sites 
sampled during the 1998 study were within the 
Birmingham area. This portion of the basin is known 
for its long history of involvement with the steel 

industry. Cadmium, lead, and zinc are all known to be 
associated with this type of industry, and antimony is a 
common impurity in ores. In addition, these trace 
elements have nonpoint sources in urban areas and are 
often associated with runoff from urban centers. 
Nonpoint sources for these trace elements in urban 
areas include batteries, ceramics, wear of automobile 
parts, pigments, and combustion.

At the common reporting level selected for this 
analysis, fewer trace elements were reported in fish-
liver tissue (86 percent) and streambed-sediment 
(95 percent) samples in the MOBL basin than 
nationally (95 percent in fish-liver samples and 
98 percent in streambed-sediment samples). The fewer 
number of trace elements reported in the MOBL is due 
to the greater range in geologies sampled nationally.

In general, concentrations of trace elements and 
the frequency with which they were reported in fish-
liver and streambed-sediment samples from the MOBL 
Study Unit are similar to or less than those reported in 
1991 and 1994 NAWQA Study Units. Exceptions do 
exist, typically explained by the wider range of 
geological settings, low detection frequency, and site-
selection criterion nationally.

Concentration quartiles of a few trace elements 
reported in the MOBL were slightly higher that those 
nationally. These concentrations were probably lower 
in 1991 and 1994 NAWQA Study Unit data because of 
the more diverse geological settings sampled 
nationally. Samples from other NAWQA Study Units 
were probably collected from areas where the 
composition of weatherable material contained less of 
some trace elements than the geologic settings of the 
MOBL, accounting for the lower concentrations.

Trace elements not reported in samples from the 
MOBL Study Unit that were reported nationally were 
reported infrequently. This low reporting frequency 
nationally probably indicates a very low probability of 
detection in any one study unit. In addition, some 
NAWQA Study Units sampled sites of known 
contamination to quantify the extent of that 
contamination. This site-selection criterion probably 
accounts for the higher maximum concentrations 
reported in the 1991 and 1994 Study Units for many of 
the trace elements.

Exceptions not explained by low detection 
frequency and site-selection criteria nationally are the 
higher frequencies with which aluminum, barium, 
chromium, cobalt, nickel, and strontium were reported 
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in fish-liver samples, the consistently higher 
concentrations of boron in fish-liver samples, and the 
higher reporting frequency in streambed-sediment 
samples of mercury, silver, and ytterbium in the MOBL 
Study Unit.

The frequency with which these trace elements 
were reported in fish-liver tissue and streambed-
sediment samples may be higher in the MOBL due to 
geology or anthropomorphic activities. Boron 
concentrations are probably due to anthropomorphic 
activities, because there are no major geological 
sources for boron in the MOBL basin. Potential sources 
locally for most of these trace elements include 
irrigation drain water (mercury), coal combustion 
(mercury and nickel), metallurgy (barium, boron, 
chromium, and nickel), soaps (boron), and the wood 
and pulp industry (barium and chromium). Other 
sources that could enrich samples from the MOBL 
basin are the Black Warrior coal fields (aluminum and 
mercury) in the northwestern quarter of the basin, 
which are known to have elevated levels of mercury, 
and barite deposits (barium) in east-central Alabama. 
Although, the potential reasons for the higher 
frequencies with which cobalt, strontium, silver, and 
ytterbium were reported in the MOBL basin are less 
clear.

In summary, the widespread occurrence of many 
organochlorine compounds and certain trace elements 
in samples from the Mobile River Basin can probably 
be attributed to land use. The higher concentration of 
certain organochlorine compounds and trace elements 
in samples from the MOBL than in those samples 
collected nationally and the potential for adverse 
effects to wildlife at many sites can also be attributed to 
land-use practices within the MOBL basin. The 
majority of compounds reported were related to those 
used in termite control in urban areas and to control of 
crop pests in agricultural areas. In addition, the 
majority of trace elements reported were related to 
metallurgy or nonpoint runoff from urban areas — the 
majority of the metallurgical practices within the 
MOBL River Basin are associated with the 
Birmingham metropolitan area.
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APPENDIXES

1.  Data for individual fish collected at sites in the Mobile River Basin Study Unit for organochlo-
rine compound and trace element analyses.

2.  Concentration data for organochlorine compounds in whole-fish tissue samples from the 
Mobile River Basin, 1998.

3.  Concentration data for trace elements in fish-liver tissue samples from the Mobile River 
Basin, 1998.

4.  Concentration data for organochlorine compounds in streambed-sediment samples from the 
Mobile River Basin, 1998.

5.  Concentration data for trace elements in streambed-sediment samples from the Mobile River 
Basin, 1998.
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64  Organochlorine Compounds and Trace Elements in Fish Tissue and Streambed Sediment in the Mobile River Basin, 1998
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