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FOREWORD

The U.S. Geological Survey (USGS) is commit-
ted to serve the Nation with accurate and timely scien-
tific information that helps enhance and protect the
overall quality of life, and facilitates effective manage-
ment 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 avail-
ability 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 ecosys-
tems.

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 pol-
icy. 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 fea-
tures 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. NAWOQA 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 imple-
mented interdisciplinary assessments in more than 50
of the Nation’s most important river basins and aqui-
fers, 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 con-
sistent study design and methods of sampling and anal-
ysis. The assessments thereby build local knowledge
about water-quality issues and trends in a particular
stream or aquifer while providing an understanding of
how and why water quality varies regionally and
nationally. The consistent, multi-scale 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. Com-
prehensive assessments on pesticides, nutrients, vola-
tile 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 communica-
tion and dissemination of credible, timely, and relevant
science so that the most recent and available knowl-
edge about water resources can be applied in manage-
ment 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 understand-
ing of watersheds and for cost-effective management,
regulation, and conservation of our Nation’s water
resources. The Program, therefore, depends exten-
sively on the advice, cooperation, and information
from other Federal, State, interstate, Tribal, and local
agencies, non-government organizations, industry, aca-
demia, 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 AND VERTICAL DATUM

Muitiply By To obtain
Length
inch (in.) 2.54 centimeter
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot per day (ft%/d)) 0.09290 square meter per day
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
gallon (gal) 0.003785 cubic meter
gallon (gal) 3.785 cubic decimeter
Flow rate
foot per second (ft/s) 0.3048 meter per second
foot per day (ft/d) 0.3048 meter per day
foot per year (ft/yr) 0.3048 meter per year
million gallons per day (Mgal/d) 0.04381 cubic meter per second
inch per year (in/yr) 254 millimeter per year
Mass
pound, avoirdupois (Ib) 0.4536 kilogram
Radioactivity
picocurie per liter (pCi/L) 0.037 becquerel per liter
tritium unit (TU) 0.118 becquerel per liter
tritium unit (TU) 3.2 picocurie per liter
Hydraulic conductivity
foot per day (ft/d) 0.3048 meter per day
Hydraulic gradient
foot per mile (ft/mi) 0.1894 meter per kilometer
Application rate
pound per acre (Ib/acre) 1.121 kilograms per hectare
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Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.

Horizontal coordinate information is referenced to the North American Datum of 1983 (NADS83).
Altitude, as used in this report, refers to distance above or below sea level.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at
25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L),
micrograms per liter (ug/L), or picograms per kilogram of water (pg/kg).

1 Liter of water by volume is approximately 1 kilogram by mass.
1000 grams (g) = 1 kilogram (kg)
1000 milligrams (mg) = 1 gram

1000 micrograms (ug) = 1 milligram

ACRONYMS AND ABBREVIATIONS USED IN THIS REPORT:

BP-before present

DOC-Dissolved Organic Carbon

GIRAS-Geographic Information Retrieval and Analysis System
GIS-Geographic Information System

GPS-global positioning system

LOWESS-LOcally WEighted Scatterplot Smoothing
MCL-Maximum Contaminant Level
NAWQA-NAtional Water-Quality Assessment Program
NTU-nephelometric turbidity units

NWQL-National Water-Quality Laboratory
SMCL-Secondary Maximum Contaminant Level
SPE-solid-phase extraction

TU-Tritium Unit

USEPA- U.S. Enviornmental Protection Agency
USGS-U.S. Geological Survey

VOC-volatile organic compounds

Conversion Factors and Verticai Datum
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QUALITY OF GROUND WATER IN PLEISTOCENE
AND HOLOCENE SUBUNITS OF THE MISSISSIPPI
RIVER VALLEY ALLUVIAL AQUIFER, 1998

by Gerard J. Gonthier

ABSTRACT

Twenty-five wells screened in the Holocene
alluvium and 29 wells screened in the Pleistocene
valley trains were sampled during 1998 as part of
a study of the quality of ground water in the Mis-
sissippi River Valley alluvial aquifer. The study
area is the extent of the Holocene alluvium
(16,400 square miles) and Pleistocene valley train
deposits (12,100 square miles) within the Missis-
sippi Alluvial Plain.

Of the comprehensive suite of constituents
analyzed, only one detection of one element
(arsenic) exceeded the U.S. Environmental Protec-
tion Agency’s maximum contaminant level for
drinking water. Manganese, iron, and dissolved-
solids concentrations of water from some wells
exceeded secondary maximum contaminant lev-
els. At least one pesticide was detected in water
from 19 of the 54 wells. The most frequently
detected pesticide was bentazon. Other detected
pesticide compounds were molinate, fluometuron,
2,4-D, fenuron, atrazine, deethylatrazine, meto-
lachlor, propanil, and p,p’DDE. At least one vola-
tile organic compound (VOC) was detected above
the reporting limit in water from 4 of 54 wells.
Detected VOCs included dichlorodifluo-
romethane, MTBE, and diisopropyl ether. The
occurrences or concentrations of suspected surface
contaminants of nitrate, pesticides, and VOCs are
not significantly different between the two
subunits.

Ground-water geochemistry is significantly
different between the Holocene alluvium and the
Pleistocene valley trains. Barium, potassium, dis-
solved organic carbon, radium-226, chromium,
iron, magnesium, calcium, bicarbonate, dissolved
solids, ammonia, phosphorus, and fluoride were
present in greater concentrations in water from the
Holocene alluvium than in water from the Pleis-
tocene valley trains. Tritium, sulfate, radon-222,
pH, and, chloride had greater concentrations or
values in water from the Pleistocene valley trains
than in water from the Holocene alluvium. Data
indicate that water in the Holocene alluvium is
older and is under more reducing conditions than
water in the Pleistocene valley trains.

INTRODUCTION

In 1991, the U. S. Geological Survey
(USGS) began implementation of the National
Water-Quality Assessment (NAWQA) Program to
provide a consistent description of the Nation’s
ground- and surface-water resources. The
NAWQA Program consists of river basins or aqui-
fer systems, referred to as study units, throughout
the Nation. The objectives of the NAWQA Pro-
gram are to (1) determine the general ground- and
surface-water quality of the Nation’s water
resources, (2) determine the natural and anthropo-
genic factors affecting the water quality, and (3)
determine any changes in water quality through
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time. Implementation of the study units is on a
rotational basis (Leahy and others, 1990). Between
14 and 20 study units were implemented in 1991,
1994, and 1997. The Mississippi Embayment
Study Unit (fig. 1) is one of 17 study units that
began in 1994.

The quality of ground water in the Missis-
sippi River Valley alluvial aquifer (hereafter
referred to as the alluvial aquifer) was studied in
order to provide scientific information to help
manage the water resources of the alluvial aquifer.
Water use from the alluvial aquifer is enormous;
annual average pumpage from the aquifer is about
7 Bgal/d (Mesko and others, 1990). This amount
of water pumped from the alluvial aquifer is equiv-
alent to about 4 inches of rain on the land overly-
ing the alluvial aquifer per year. Most of the water
is pumped during the growing season and is used
to irrigate crops or maintain aquaculture. How-
ever, some of the water is used for public supply
and industry. The chemical analysis of water in the
alluvial aquifer provides an opportunity to monitor
the infiltration of potential contaminants into a
vast ground-water system that not only affects
drinking water supplies but also affects soil in
farmland as a result of irrigation.

The hydrogeology of the alluvial aquifer has
been investigated as a single Quaternary unit
(Grubb, 1986; Ackerman, 1989). A large source of
information about the alluvial aquifer comes from
the Regional Aquifer-System Analysis Program.
Quaternary geologists have recently delineated the
areal extent of several significantly different geo-
logic units that constitute the alluvial aquifer based
on age and depositional setting (Saucier and
Snead, 1989, Saucier, 1994a, b; Autin and others,
1991). Almost all of these geologic units can be
grouped into three major hydrogeologic subunits
within the alluvial aquifer--the Holocene allu-
vium, the Pleistocene valley train deposits, and the
Prairie complex.

Purpose and Scope

This report describes the results of a study to
determine the occurrence and distribution of inor-

ganic and organic chemical constituents in shallow
ground water from the Holocene alluvium and the
Pleistocene valley train deposits of the alluvial
aquifer, but does not include the quality of water in
the Pleistocene Prairie complex, the third of the
three major hydrogeologic units within the alluvial
aquifer. Assessing aquifer properties and deter-
mining factors affecting the water quality of the
alluvial aquifer are beyond the scope of this study.
Scope of the work included collection of water
samples from 25 wells screened in the Holocene
alluvium (“HA” wells) and 29 wells screened in
the Pleistocene valley train deposits (“VT” wells)
during summer 1998. All water samples were ana-
lyzed for turbidity, water temperature, pH, specific
conductance, dissolved oxygen concentration,
alkalinity, ferrous iron, and sulfide (hereafter
referred to as field parameters), major ions, nutri-
ents, trace elements, pesticides, volatile organic
compounds (VOCs), radioisotopes, and stable iso-
topes. Land use was assessed within 164 and
1,641 ft of each well. Information including well
depth, well use, estimated water level, casing
material, location, and discharge was also col-
lected for each of the 54 wells that were sampled.

Location

The alluvial aquifer is located in the Missis-
sippi Alluvial Plain of the Lower Mississippi
River Valley. The Mississippi Alluvial Plain
within the south-central United States is about
30,600 mi? (fig. 1). The study area is the extent of
the Holocene alluvium (16,400 mi?) and Pleis-
tocene valley train deposits (12,100 mi?) shown in
figure 1, within the Mississippi Alluvial Plain.
Both hydrogeologic subunits of the alluvial aqui-
fer are present in eastern Arkansas, western Ken-
tucky, northeastern Louisiana, northwestern
Mississippi, southeastern Missouri, and western
Tennessee.

2 Quaiity of Ground Water in Pleistocene and Holocene Subunits of the Mississippi River Valley Alluvial Aquifer, 1998





















include rice, cotton, soybeans, corn, and sorghum.
During the mid 1990’s, cotton acreage decreased
as much as 50 percent in some places and has been
converted to other crops, mostly corn acreage
(U.S. Department of Agriculture, 1997). Aquacul-
ture, mostly catfish, is also a significant agricul-
tural activity in the Mississippi Alluvial Plain that
has increased over the last several years. Pecan-
tree orchards constitute some of the agriculture in
the southern part of the study area. Most of the for-
est land in the Mississippi Alluvial Plain occurs as
isolated areas of hardwoods in publicly owned ref-
uges and forests. Small areas were reforested
within the Mississippi Alluvial Plain from the
1970’s to the 1990’s. Urban areas in the Missis-
sippi Alluvial Plain consist of the local and inter-
state highway systems and small, rural
communities. Surface water in the Mississippi
Alluvial Plain includes the Mississippi, Arkansas,
White, St. Francis, and Yazoo Rivers, oxbow lakes
of these rivers, and other smaller rivers.

Pesticide Application

Pesticides in water supplies have been of
concern since before 1972 when the manufacture
and usage of DDT was banned in the United
States. Many different pesticides are used today
for controlling the plants, insects, and fungi that
inhibit the growth of crops, obscure rights-of-way,
create a nuisance, and threaten human health. Pes-
ticides have widely varying chemical and physical
properties and have a tendency to reside in the soil
zone (Hem, 1985). Herbicides generally are more
soluble than other pesticides, and are more likely
to infiltrate into ground water (R.H. Coupe, U.S.
Geological Survey, oral commun., 1999).

Annual pesticide application rate on agricul-
tural land within the Mississippi Alluvial Plain
was estimated to be 33 million pounds or about an
average of 2.3 Ib/acre during the index years from
1987 to 1991 (Gianessi and Puffer, 1990, 1992a,
b). Most of the pesticides applied were herbicides.
Herbicide application rate on agricultural land
within the Mississippi Alluvial Plain during the
index years was estimated to be 25 million pounds

or about an average of 1.7 Ib/acre. The herbicide
most heavily used was propanil. The average
application rate of propanil was 0.32 1b/acre. Other
herbicides commonly used on agricultural land
within the Mississippi Alluvial Plain included
MSMA, trifluralin, metolachlor, molinate, pen-
dimethalin, fluometuron, alachlor, and atrazine.
Average application rates for these herbicides
were between 0.07 and 0.19 1b/acre. Bentazon and
2,4-D were also used on agricultural land within
the Mississippi Alluvial Plain both at an average of
0.03 Ib/acre (Gianessi and Puffer, 1990, 1992a, b).

The insecticide application rate on agricul-
tural land within the Mississippi Alluvial Plain
during the index years was estimated to be 6.8 mil-
lion pounds or about an average of 0.47 Ib/acre.
The insecticide most heavily used was methyl par-
athion, which was applied at an average rate of
0.11 Ib/acre. Other insecticides commonly used
included thiodicarb, profenofos, acephate, sulpro-
fos, and dicrotophos. Average application rates for
these insecticides were between 0.02 and 0.05
Ib/acre (Gianessi and Puffer, 1990, 1992a, b).

The fungicide application rate on agricul-
tural land within the Mississippi Alluvial Plain
during the index years was estimated to be 1.3 mil-
lion pounds or about an average of 0.09 Ib/acre.
The fungicide most heavily used was benomyl,
which was applied at an average rate of 0.03
Ib/acre. Other fungicides commonly used included
PCNB, sulfur, and mancozeb. Average application
rates for these fungicides were between 0.01 and
0.02 1b/acre.

The pesticide application rates reported here
are for agricultural land use only. Therefore, actual
pesticide usage in the Mississippi Embayment
Study Unit is likely greater. Data from Gianessi
and Puffer (1990, 1992a, b) do not include pesti-
cide usage in urban settings. Barbash and Resek
(1996) note that pesticide usage in urban settings
is substantial.
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STUDY DESIGN, DATA COLLECTION,
AND DATA ANALYSIS

The design and data-collection methods used
for this study were similar to those used in other
NAWOQA study units. Lapham and others (1995)
described site selection and well documentation,
and Koterba and others (1995) describe ground-
water sample-collection methods for the NAWQA
Program. The alluvial aquifer study comprises two
“study-unit surveys,” the Holocene alluvium and
the Pleistocene valley trains. A study-unit survey
is one of three NAWQA ground-water study com-
ponents. The objective of a study-unit survey is to
determine the occurrence and distribution of
ground-water quality within a hydrogeologic set-
ting. The selection of wells for a study-unit survey
is not targeted to any specific land use.

Ground-Water Sampling Network

A sampling network was designed to obtain
an unbiased evaluation of the ground-water
resources in the Holocene alluvium and Pleis-
tocene valley trains of the Mississippi River Valley
alluvial aquifer. A geographical information sys-
tem (GIS) based computer program (Scott, 1990)
was used to randomly locate sites to find nearby
wells screened in the alluvial aquifer. A 3-mi
buffer was placed between the Holocene alluvium
and the Pleistocene valley trains to prevent the
selection of sites near hydrogeologic contacts. The
GIS program uses an equal-area method to select
sampling locations that are scattered throughout
the study area. Stringent criteria were used to
select the best available wells. Wells selected for
sampling in the alluvial aquifer were to have a
driller’s report and to have a spigot near the well
head prior to any treatment or holding tank. Pub-
lic- and domestic-supply wells were preferred for
sampling. Twenty-five of the selected wells were
screened in the Holocene alluvium; 29 wells were
screened in the Pleistocene valley trains (table 2).

Collection of Site Information

Site characteristic information, including
location, land-surface altitude, land use, well
depth, well use, casing type, and pump type, was
collected at all sites. Well plumbing and sample set
up methods were also documented. Most water-
level values were estimated. Measured water-lev-
els at four wells were less than 7 ft different from
estimated water levels. Latitude and longitude
were determined for each well by using global
positioning system (GPS) equipment. Latitude and
longitude determinations are relative to the North
American Reference Datum 1983 (NAD83) and
are accurate to within one second.

Well-head condition and land use within 164
and 1,640 ft of each well were documented during
summer 1998. The area immediately surrounding
a well was inspected for possible contamination
hazards including the presence of oil spills, dead
vegetation, bore holes, construction projects, gas
stations, oil production wells, swimming pools,
and pesticide mixing operations. Land-use catego-
ries include row crop, aquaculture, pasture, resi-
dential, commercial-community, light industrial,
low development parks (such as playgrounds and
ball fields), vacant land, transportation, utilities,
rangeland (young perennial vegetation), forest,
wetland, and surface water. Land use within 164 ft
of each well was mapped on site by direct observa-
tion. Land use within 1,640 ft of each well was
delineated by using aerial photographs from the
early to mid 1990’s, 7-1/2 minute topographic
maps, and by direct observation while driving
within the 0.3-mi? radius. Land-use percentages
within 1,640 ft of each well were determined by
using a NAWQA standardized GIS technique
(Harvey and others, 1996). Land-use percentages
are listed in Appendix 1 tables 1-13a through
1-14b.

10 Quality of Ground Water in Pleistocene and Holocene Subunits of the Mississippi River Valley Alluvial Aquifer, 1998
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Ground-Water Sample Collection and
Analysis

Analyses of water samples from the 54 wells
screened in the alluvial aquifer include major ions
(calcium, magnesium, sodium, iron, potassium,
manganese, bicarbonate, sulfate, chloride, fluo-
ride, and bromide), nutrients (nitrite, nitrite-plus-
nitrate, ammonia, ammonia-plus-organic nitrogen,
phosphorus, and orthophosphate), dissolved
organic carbon (DOC), 18 trace elements includ-
ing iron, 83 pesticides, 85 VOCs, radon, tritium,
and stable oxygen and hydrogen isotopes. Water
samples from 27 wells were analyzed for 30 addi-
tional pesticides or degradation products. Water
samples from 22 wells were analyzed for radium-
226. Field parameters (turbidity, water tempera-
ture, pH, specific conductance, dissolved oxygen,
alkalinity, turbidity, ferrous iron, and sulfide) were
measured at all sites. Methods used to perform the
analyses are listed in table 3. Ground-water quality
data are presented in Appendix 1.

Water samples were collected from 27 irriga-
tion wells, 11 public-supply wells, 7 aquaculture
wells, 5 domestic wells, 2 commercial wells, a
church well, and a dewatering well near a subsur-
face structure. Water samples were collected from
22 wells through a spigot, from 21 wells through a
high-yield open-pipe discharge using an “irriga-
tion cross,” from 7 wells with “alfalfa valves”
through a specially designed alfalfa-valve cover,
and from 4 wells through custom designed fittings.
All sampling procedures were designed to capture
ground water into a fluoropolymer tube with stain-
less steel fittings prior to the water reaching atmo-
sphere. Each well was sampled once.

Quality-Assurance Data Collection

Quality-assurance samples were collected at
16 locations and included field-equipment blanks,
source-solution blanks, replicate samples, and
field spiked samples (Appendix 1). Six field-
equipment blanks were collected for major ions,
trace elements, and pesticides. Six field-equip-
ment blanks and source-solution blanks were col-

lected for nutrients, DOC, and VOCs. Replicate
samples of major ions, nutrients, DOC, trace ele-
ments, radon, and stable isotopes were collected at
five wells. Manganese was analyzed from both
major ion and trace element samples (Appendix 1
tables 1-2a and 1-2b and 1-6a and 1-6b) so that
replicate analyses of manganese were performed
for all wells. Triplicate samples were spiked in the
field with pesticides at six wells. Duplicate sam-
ples were spiked in the field with VOCs at six
wells.

Data were statistically analyzed for quality
assurance. Water from all wells had cation-anion
equivalent differences of less than 10 percent.
Data from blanks indicated that contamination
from field equipment did not significantly contrib-
ute to the concentrations of constituents found in
water from wells with the possible exceptions of
aluminum and zinc. Minor contamination of alu-
minum and zinc in blanks required that the report-
ing limits used in the data summary for these two
constituents were raised from the laboratory
reporting limit of 1 pg/L to 5 pg/L. Tebuthiuron
was the only pesticide detected in a field-equip-
ment blank, but it was not detected in any of the
water samples. No VOCs were detected in field-
equipment blanks that were not also detected in the
accompanying source solution blank. Data from
replicates indicated that most sampling results
were reproducible with values of variability that
were usually similar to field-equipment blank con-
centrations. Exceptions were bromide, phospho-
rus, and orthophosphate, which had replicate
values that differed by 50 percent.

Field-spike data indicated that most pesti-
cides had recoveries that generally were between
60 and 140 percent. But most pesticides also had
some recoveries less than 60 percent. p,p’DDE,
disulfoton, deethylatrazine, terbufos, acifluorfen,
aldicarb sulfoxide, carbaryl (using liquid chroma-
tography with UV detection), chloramben, dichlo-
benil, MCPB, oxamyl, and propham frequently
had recoveries less than 60 percent. Aldicarb, aldi-
carb sulfone, chlorothalonil, clopyralid, and cis-
permethrin consistently had recoveries less than
60 percent. Linuron had some recoveries greater

Study Design, Data Collection, and Data Analysis 13



Table 3. Laboratory analysis methods for measured water-quality constituents, Mississippi River Valley alluvial aquifer, 1998

[VOCs, volatile organic compounds; DOC, dissolved organic carbon]

Constituent or constituent

Analysis method Reference
group
Turbidity, whole water Nephelometric turbidity units, spectrophotometry, HACH (1997)
Method EPA 180.1
Ferrous iron, whole water 1, 10 Phenanthroline Method, spectrophotometry HACH (1997)
Sulfide, whole water Methylene Blue Method, spectrophotometry, Method HACH (1997)

Major ions, water
Nutrients, water

DOC, water

Trace elements, water
Pesticides, water
Pesticides, water

Pesticides and degradation
products, water

VOCs, water

Radon-222, water

Radium-226, water

Tritium, water

Oxygen-18, water

Deuterium-2, water

EPA 376.2
Atomic absorption spectrometry
Colorimetry

UV-promoted persulfate oxidation and infrared spec-
trometry

Atomic absorption spectrometry
Gas chromatography/mass spectrometry
Liquid chromatography with UV detection

Gas chromatography/mass spectrometry

Purge and trap capillary gas chromatography/mass spec-
trometry

Liquid scintillation, 100-minute counting time

Radon emanation technique, Method EPA 903.1

Electrolytic enrichment with gas counting

For oxygen-18: Equilibration with gaseous CO, and
mass spectrometry

For deuterium-2: Equilibration with hydrogen and mass
spectrometry

Fishman and Friedman (1989)
Fishman and Friedman (1989)

Brenton and Arnett (1993)

Fishman and Friedman (1989)
Zaugg and others (1995)
Werner and others (1996)

Zimmerman and Thurman
(1999)

Rose and Schroeder (1995)

American Society for Testing
and Materials (1995)

U.S. Environmental Protection
Agency (1980)

Ostlund and Dorsey (1975)
Epstein and Mayeda (1953)

Coplen and others (1991)
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than 140 percent and some recoveries less than 60
percent. Methyl azinphos, carbaryl (using gas
chromatography/mass spectrometry), and carbo-
furan consistently had recoveries greater than 140
percent.

Spike recoveries for all VOCs averaged
about 64 percent. Twenty-seven VOCs had recov-
eries consistently less than 60 percent. Carbon dis-
ulfide and iodomethane had the lowest recoveries
ofall VOCs, less than 50 percent. Acetone had the
greatest recovery, about 107 percent. Variance in
VOC recoveries were greater between spikes than
within duplicate spikes.

Statistical Methods for Data Analysis

Data were statistically analyzed by using
methods presented by Helsel and Hirsch (1992).
Box plots, and scatter plots were used to graphi-
cally present the data. LOcally WEighted Scatter-
plot Smoothing (LOWESS) was used to
summarize trends on scatter plots (Cleveland,
1979). The nonparametric Wilcoxon rank-sum test
was used to indicate the difference between groups
of water samples collected in wells in either the
Holocene alluvium or the Pleistocene valley
trains. Sample sizes of groups of data ranged from
12 to 29. Statistical techniques accounted for the
effects of small sample size. The medians of the
groups were assumed to be significantly different
from one another if the probability that the
observed difference occurs by chance (p-value)
was less than 5 percent (<0.05). Kendall’s tau was
used to indicate the strength of monotonic correla-
tion between concentrations of constituents in
samples. In this study, one constituent or property
was considered correlated to another if the p-value
associated with the Kendall’s tau test was less than
0.05. Some statistically “nonsignificant” differ-
ences or correlations are indicated in the text when
the p-values were close to, but greater than, 0.05.

Holding tanks on wells possibly affected the
concentrations of some trace elements, VOCs, and
radium-226. The results of these constituents in
water from these wells were included in Appendix
1, the summary tables, and interpretation in this

report. The wells that had holding tanks prior to
the sample collection point are listed in table 2.
Water temperature, which was affected by sun-
light, was included in Appendix 1 and summary
tables.

GROUND-WATER QUALITY

Results of measurements of field parameters
and analyses of major ions, nutrients, trace ele-
ments, pesticides, VOCs, radon, radium, tritium,
and stable isotopes are summarized in this section
of the report. The water-quality data set is pro-
vided in tables in Appendix 1.

Field Parameters

Field parameters measured during sampling
included: depth to water, turbidity, water tempera-
ture, pH, specific conductance, dissolved oxygen,
alkalinity, ferrous iron, and sulfide. A summary of
field-parameter measurements is listed in table 4.
Turbidity was less than 30 NTU (nephelometric
turbidity units) indicating that most water was
clear. Some turbidity was from the oxidation of
ferrous iron into ferric iron oxide particles sus-
pended in the water sample after the water sample
was exposed to the atmosphere. Samples were col-
lected during hot summer days. Based on measure-
ments taken at nine wells, water temperature
increased by between 0.4 and 2.2 °C as water
flowed from the well head to the sample chamber.
The water temperature was not used for interpreta-
tion in this report. Actual water temperatures were
less than or equal to the values summarized in
table 4 and in Appendix 1 tables 1-1a and 1-1b.
Water from 22 wells had detectable concentrations
of oxygen. Water from seven wells simultaneously
had ferrous iron (greater than 100 pg/L) and dis-
solved oxygen (greater than 0.2 mg/L), indicating
the possibility that air was entraining into the
water prior to reaching the sampling point.

Some field-parameter values were signifi-
cantly different in water from wells screened in the
Holocene alluvium compared to water from wells
screened in the Pleistocene valley trains. Values
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Table 4. Summary of field-parameter data for water from 25 wells screened in the Holocene alluvium and for water from 29
wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer, 1998

[Data are in Appendix 1, table 1-1a and 1-1b; NTU, nephelometric turbidity units; °C, degrees Celsius; uS/cm, microsiemens per centimeter; mg/L, milligrams per
liter; ug/L, micrograms per liter]

Field parameter Units Minimum Median Maximum

Mississippi River Valley alluvial aquifer (54 wells) including the 25 wells screened in the Holocene alluvium and the 29 wells
screened in the Pleistocene valley trains

Water level below land surface Feet 0 20 95
Turbidity NTU 0.07 04 26.4
Water temperature1 °C 15 18.3 23.5
rH pH units 6.3 7.1 7.9
Specific conductance uS/cm at 25°C 256 593 1,340
Dissolved oxygen concentration mg/L <0.1 <0.1 59
Alkalinity mg/L as CaCOj3 92 277 473
Ferrous iron ug/L <1 3,000 15,900
Sulfide mg/L <0.001 0.009 0.038

Wells screened in the Holocene alluvium of the Mississippi River Valley alluvial aquifer (25 wells)

Water level below land surface Feet 7 23 47
Turbidity NTU 0.07 0.67 26.4
Water tempe:rature:1 °C 16.5 18.5 235
pH pH units 6.6 7.0 7.2
Specific conductance uS/cm at 25°C 376 619 1,240
Dissolved oxygen concentration mg/L <0.1 <0.1 0.7
Alkalinity mg/L as CaCO, 190 299 473
Ferrous iron pg/L 600 5,300 15,900
Sulfide mg/L <0.001 0.012 0.038

Wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer (29 wells)

Water level below land surface Feet 0 16.9 95
Turbidity NTU 0.07 0.3 2.
Water temperature! °C 15 17.5 22

pH pH units 6.3 7.1 7.9
Specific conductance uS/cm at 25°C 256 525 1,340
Dissolved oxygen concentration mg/L <0.1 <0.1 59
Alkalinity mg/L as CaCO4 92 237 427
Ferrous iron pg/L <1 2,210 7,200
Sulfide mg/L <0.001 0.009 0.029

! Water temperature was affected by sunlight.
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of pH are greater in the Pleistocene valley trains
than in the Holocene alluvium (p-value = 0.0015).
Median values of specific conductance and alka-
linity are greater in the Holocene alluvium than in
the Pleistocene valley trains (p-values were 0.025
and 0.0025, respectively).

Major lons

Major ions usually determine some basic
chemical characteristics of water such as taste and
hardness. Calcium and magnesium contribute to
hardness of water which is an indicator of water's
ability to form insoluble residues with soaps and to
form scale in plumbing features associated with
heating water (Hem, 1985). Dissolved solids can
affect the suitability of water for drinking pur-
poses. Iron and manganese can cause staining to
plumbing and laundry. Low concentrations of flu-

oride can help prevent tooth decay. Major ions
analyzed in sample water were calcium, magne-
sium, sodium, iron, potassium, manganese, silica,
bicarbonate, sulfate, chloride, fluoride, and bro-
mide. Dissolved solids concentrations were also
determined.

Calcium was the dominant cation averaging
56 percent of the cation equivalents (table 5).
Magnesium and sodium averaged 26 and 13 per-
cent of the cation equivalents, respectively. Iron
was also a major cation, averaging 3.7 percent of
the cation equivalents. Bicarbonate was the domi-
nant anion, averaging 84 percent of the anion
equivalents. Sulfate and chloride averaged 8.1 and
7.8 percent of the anion equivalents, respectively.
Fifty-three wells had a calcium bicarbonate type
water; one well in the southern part of the study
area (VT-01) had a mixed to sodium chloride type
water. The water from most wells was hard.

Table 5. Summary of major-ion concentrations in water from 25 wells screened in the Holocene alluvium
and in water from 29 wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial

aquifer, 1998

[Data are in Appendix 1, tables 1-2a through 1-3b. Concentrations are in milligrams per liter. Iron is assumed to have a valence of 2 in
calculating equivalent percentage; 0.4 percent of the cation equivalents is assumed to be from ammonia; --, not applicable]

Equivalents of

Major constituents

cations and anions
(percent)

Minimum Median Maximum

Mississippi River Valley alluvial aquifer (54 wells) including the 25 wells screened in the Halocene alluvium and
the 29 wells screened in the Pleistocene valley trains

Cations

Calcium 56.1
Magnesium 25.5
Sodium 13.1
Iron 3.7
Potassium 0.9
Manganese 03
Anions

Bicarbonate, as HCO, 83.9
Sulfate 8.1
Chloride 7.8
Fluoride <0.2
Bromide (42 wells) <0.05
Other

Silica, as SiO,

Dissolved solids

28 72 130
6.5 22 45
4.2 13.5 125

<0.01 6.2 19.4
0.7 23 44

<0.004 0.579 1.93

112 338 577

<0.1 19.5 120
2.1 7.2 230

<0.1 0.22 0.37
0.013 0.092 0.84

21 32 45

167 343 730

Ground-Water Quality
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Table 5. Summary of major-ion concentrations in water from 25 wells screened in the Holocene alluvium
and in water from 29 wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial
aquifer, 1998--Continued

Equivalents of
Major constituents cations and anions Minimum Median Maximum
(percent)

Wells screened in the Holocene alluvium of the Mississippi River Valley alluvial aquifer (25 wells)

Cations

Calcium 55.8 49 77 130
Magnesium 26.3 12 24 33
Sodium 11.6 45 13 77
Iron 5.1 4.8 9.7 19.4
Potassium 0.9 1.5 2.6 4.4
Manganese 0.3 0.157 0.583 1.370
Silica, as SiO, 22 33 45
Anions

Bicarbonate, as HCO4 87.1 232 365 577
Sulfate 6.0 <0.1 54 120
Chloride 6.7 2.1 6.4 140
Fluoride <0.2 0.12 0.26 0.36
Bromide (16 wells) <0.05 0.046 0.098 0.48
Other

Dissolved solids - 224 355 728

Wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer (29 wells)

Cations

Calcium 56.9 28 67 120
Magnesium 24.9 6.5 15 45
Sodium 14.7 4.2 14 125
Iron 2.3 <0.01 3.8 10.7
Potassium 0.8 0.7 1.9 4
Manganese 0.4 <0.004 0.563 1.93
Anions

Bicarbonate, as HCO3 77.8 112 289 521
Sulfate 11.8 4.1 24 75
Chloride 10.1 2.6 8.9 230
Fluoride <0.2 <0.1 0.16 0.37
Bromide (26 wells) <0.05 0.013 0.088 0.84
Other

Silica, as SiO, -- 21 32 42
Dissolved solids - 167 313 730
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Manganese concentrations exceeded the USEPA
secondary maximum contaminant level (SMCL)
of 50 pug/L in 52 wells; iron concentrations
exceeded the SMCL of 300 pg/L in 49 wells; dis-
solved solids exceeded the SMCL of 500 mg/L in
10 wells.

Median concentrations of major ions in
water from the Holocene alluvium were different
from those of water from the Pleistocene valley
trains. Median concentrations of dissolved solids,
calcium, magnesium, potassium, bicarbonate, and
fluoride were greater in water from the Holocene
alluvium than in water from the Pleistocene valley
trains (fig. 4). Median concentrations of sulfate
and chloride were greater in water from wells
screened in the Pleistocene valley trains than in
water from wells screened in the Holocene allu-
vium (fig. 4).

Magnesium concentrations increased with
increasing calcium concentration in water from the
alluvial aquifer (Kendall’s tau = +0.64, p-value
<0.00005; fig. 5). Also, magnesium concentra-
tions increased with calcium concentration in
water from both the Holocene alluvium and the
Pleistocene valley trains (Kendall’s tau values =
+0.65 and +0.67, respectively; p-values are
<0.00005). Still, the relation between magnesium
and calcium in water from the Holocene alluvium
was different from the relation between magne-
sium and calcium in water from the Pleistocene
valley trains (fig. 5). The rate of the increase of
magnesium concentrations decreased with
increasing calcium concentration in water from the
Holocene alluvium. In contrast, the rate of the
increase of magnesium concentrations increased
with increasing calcium concentration in water
from the Pleistocene valley trains. The resulting
LOWESS smoothing curves on graphs in figure 5
are different between the two hydrogeologic sub-
units. The relation between calcium and magne-
sium concentration in water from wells in the
Holocene alluvium is illustrated by a convex,
LOWESS smoothing curve. In contrast, the rela-
tion between calcium and magnesium concentra-
tion in water from wells in the Pleistocene valley

trains is illustrated by a concave, LOWESS
smoothing curve.

Concentrations of major ions measured dur-
ing this study (summarized in table 5) are similar
to concentrations measured in previous studies of
the alluvial aquifer (Pettijohn and others, 1992).
The ratios of magnesium to calcium in water from
the 54 wells sampled during this study (from 0.27
to 0.77) were also similar to the ratios reported by
Pettijohn and others (1992). Some of the water-
quality variation that was reported by Pettijohn
and others (1992) was not detected in water from
the 54 wells sampled during this study. For exam-
ple, rare places in the alluvial aquifer occur where
the water type is sodium bicarbonate, magnesium
bicarbonate, or sodium chloride. A small area in
southeastern Arkansas has concentrations of dis-
solved solids and chloride greater than 1,000 and
500 mg/L, respectively. This area of elevated dis-
solved solids concentrations in southeastern
Arkansas comprises a sodium chloride type water.
Fitzpatrick (1985) delineated this area in detail.
Pettijohn and others (1992) also report elevated
concentrations of dissolved solids and chloride in
the extreme southern part of the study area where
well VT-01 had mixed to sodium chloride type
water.

Nutrients and Dissolved Organic Carbon

Nutrients can affect human health and can be
associated with other surface derived contami-
nants. Nutrients discussed in this report consist of
the chemical species of nitrogen and phosphorus.
Nitrate in water can promote the growth of patho-
gens that may cause gastrointestinal related ill-
ness. Elevated concentrations of nitrate nitrogen in
drinking water (exceeding the MCL of 10 mg/L)
have been associated with methemoglobinemia or
“blue-baby” syndrome and with increased rates of
stomach cancer (Dorsch and others, 1984; Forman
and others, 1985; Fan and others, 1987; National
Research Council, 1985). Organic carbon can pro-
mote decreased dissolved oxygen concentrations,
which in turn can affect the nutrient species and
other constituents present in water.
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TDS Ca Mg K HCO, SO, CI F

100 ONO- ofsamples 2529 2529 2529 2529 2529 2529 2529 2529

CONCENTRATION, IN
MILLIGRAMS PER LITER

0.1
> > > > > < < >
p-values 0.042 0.034 0.003 0.000 0.003 0.001 0.037 0.000
EXPLANATION
. Holocene alluvium
(25 wells)
° outlier Pleistocene valley trains

90th percentile (29 wells)

The one-sided p-value or probability that values
75th percentile of one sample are observed to be greater than
values of the other occurs by chance. Probabilities

50th percentile less than 0.05 are assumed to be significant.

> -- Well sampiles in the Holocene alluvium

25th percentile have the greater median concentrations

< -- Well samples in the Pleistocene valley
Trains have the greater median concentrations
10th percentile

Figure 4. Dissolved solids, calcium, magnesium, potassium, bicarbonate, sulfate, chloride, and flu-
oride concentrations in water from wells screened in the Mississippi River Valley alluvial aquifer by
hydrogeologic subunit, 1998.
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Figure 5. Relation of magnesium concentration with calcium concentration in water from 25 wells
screened in the Holocene alluvium and in water from 29 wells screened in the Pleistocene valley
trains of the Mississippi River Valley alluvial aquifer, 1998.
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Ground-water samples were analyzed for The maximum concentration for nitrite plus nitrate
nitrite, nitrite plus nitrate, ammonia, ammoniaplus  nitrogen was 2.61 mg/L (VT-02). Nitrite was
organic nitrogen, phosphorus, orthophosphate, detected in water from 19 of 54 wells and had a
and DOC. Nutrients were present in low concen- maximum concentration of 0.059 mg/L (VT-19).
trations in water from the alluvial aquifer (table 6). = The maximum concentration of DOC was 5.1
No nutrient concentrations exceeded MCLs. The mg/L (HA-06). Median concentrations of ammo-

most frequently detected nutrient was ammonia, nia, ammonia plus organic nitrogen, phosphorus,
which was detected in water from all 54 wells. and DOC were greater in water from wells
Ammonia was the nutrient with the greatest con- screened in the Holocene alluvium than in water
centration (2.64 mg/L), which was detected in a from wells screened in the Pleistocene valley

well screened in the Holocene alluvium (HA-06).  trains (fig. 6).

Table 6. Summary of nutrient and dissolved organic carbon concentrations in water from 25 wells screened in
the Holocene alluvium and in water from 29 wells screened in the Pleistocene valley trains of the Mississippi River
Valley alluvial aquifer, 1998

[Data are in Appendix 1,tables 1-4a and 1-4b; Concentrations are in milligrams per liter; --, the U.S. Environmental Protection Agency did
not have a maximum contaminant level set for this constituent during the writing of this report. Maximum contaminant levels are from U.S.
Environmental Protection Agency (1999)]

Maximum
Reporting Number of Maximum contaminant
Constituent iimit detections Median concentration ieveis

Mississippi River Valley alluvial aquifer (54) including the 25 wells screened in the Holocene alluvium and the 29 wells
screened in the Pleistocene valley trains

Nitrite as N 0.01 19 <0.01 0.059 1
Nitrite plus nitrate as N 0.05 16 <0.05 2.61 10
Ammonia as N 0.03 54 0.33 2.64 --
Ammonia plus organic nitrogen as N 0.1 41 0.33 3.1 -
Phosphorus! 0.01 47 0.22 1.32 -
Orthophosphate as P 0.02 46 0.066 1.0 --
Dissolved organic carbon 0.2 53 1.3 5.1 --

Wells screened in the Holocene alluvium of the Mississippi River Valley alluvial aquifer (25 wells)

Nitrite as N 0.01 11 <0.01 0.038 1
Nitrite plus nitrate as N 0.05 7 <0.05 0.346 10
Ammonia as N 0.03 25 0.58 2.64 -
Ammonia plus organic nitrogen as N 0.1 24 0.64 31 --
Phosphorus® 0.01 21 0.745 1.32 -
Orthophosphate as P 0.02 22 0.085 0.885 --
Dissolved organic carbon 0.2 25 1.7 5.1 --

Wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer (29 wells)

Nitrite as N 0.01 8 <0.01 0.059 1
Nitrite plus nitrate as N 0.05 9 <0.05 2.61 10
Ammonia as N 0.03 29 0.14 1.5 -
Ammonia plus organic nitrogen as N 0.1 17 0.17 1.7 -
Phosphorus 0.01 26 0.112 1.03 -
Orthophosphate as P 0.02 24 0.049 1.0 --
Dissolved organic carbon 0.2 28 1.0 1.9 -

! Analyzed for in 51 wells.
2 Analyzed for in 22 wells.
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Table 7. Summary of trace-element concentrations in water from 25 wells screened in the Holocene alluvium,
and in water from 29 wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial
aquifer, 1998

[Data for all these elements except for iron are in Appendix 1, tables 1-5a through 1-6b. Data for iron are in Appendix 1, tables 1-2a and
1-2b. Concentrations are in micrograms per liter. Maximum contaminant levels are from U.S. Enviornmental Protection Agency (2002);
--, the U.S. Environmental Protection Agency did not have a maximum contaminant level set for this constituent during the writing of
this report.]

Number of
detections Maximum
Reporting (percent Maximum contaminant
Constituent limit detections) Median concentration ievel

Mississippi River Valley alluvial aquifer (54 wells)

Barium 1 54 (100) 438 877 2,000
Iron 10 53 (98) 6,200 19,400 300!
Manganese 4 52 (96) 588 1,930 50!
Chromium 1 52 (96) 3.1 8.1 100
Arsenic 1 35 (65) 2 56 502
Molybdenum 1 18 (33) <1 5 -
Nickel 1 16 (30) <1 26 -
Zinc 5 7 (13) <5 3,290 5,000!
Copper 1 ©) <1 13 1,300
Cobalt 1 (6) <1 1.9 -
Uranium 1 3 (6) <1 13 -3
Selenium 1 2 @ <1 2 50!
Aluminum 5 1 @ <5 5 50!
Beryllium 1 0 (0 <1 <1 4
Cadmium 1 0 (0) <1 <1 5
Antimony 1 0 (0 <1 <1 6
Lead 1 0 (0) <1 <1 154
Silver 1 0 (0 <1 <1 100!

Wells screened in the Holocene alluvium (25 wells unless otherwise stated)

Tron 10 25(100) 9,700 19,400 300!
Manganese 1 25(100) 619 1,380 50!
Barium 1 25(100) 461 876 2,000
Chromium 1 25(100) 3.5 8.1 100
Arsenic 1 16 (64) 2 33 502
Molybdenum 1 10 (40) <1 45 -
Nickel 1 7 (28) <1 5.4 -
Zinc 5 4 (16) <5 130 5,000!
Uranium 1 1 @ <1 1.1 -3
Cobalt 1 1 4 <1 1 --
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Table 7. Summary of trace-element concentrations in water from 25 wells screened in the Holocene alluvium,
and in water from 29 wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial
aquifer, 1998--Continued

Number of

detections Maximum

Reporting (percent Maximum contaminant
Constituent iimit detections) Median concentration level
Aluminum 5 0 (0) <5 <5 50!
Beryllium 1 0 (0 <1 <1 4
Cadmium 1 0 (0 <1 <1 5
Antimony 1 0 (O <1 <1 6
Lead 1 0 (0) <1 <1 154
Selenium 1 0 (0 <1 <1 501
Silver 1 0 (0) <1 <1 100!
Copper 1 0 O <1 <1 1,300

Wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer (29 wells unless
otherwise stated)

Barium 1 29 (100) 402 877 2,000
Iron 10 28 (97) 3,800 10,700 300!
Manganese 1 27 (93) 543 1,920 50!
Chromium 1 27 (93) 2.9 7 100
Arsenic 1 19 (66) 2 56 502
Nickel 1 9 (31) <1 26 -
Molybdenum 1 8 (28) <1 5 -
Zinc 5 3 (10) <5 3,290 5,000
Copper 1 3 (10) <1 13 1,300
Selenium 1 2 <1 2 50!
Cobalt 1 2 (7 <1 1.9 -
Uranium 1 2 <1 13 -3
Aluminum 5 1 @3 <5 5 50!
Beryllium 1 0 0 <1 <1 4
Cadmium 1 0 (O <1 <1 5
Antimony 1 0 (0 <1 <1 6
Lead 1 0 (0 <1 <1 154
Silver 1 0 (0 <1 <1 100!

T'Secondary maximum contaminant level

2 Will be revised to 10 pg/L on January 23, 2006
31530 pg/L as of December 8, 2003

4 Action level
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Table 8. Summary of pesticide concentrations in water from 25 wells screened in the Holocene alluvium and
29 wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer, 1998

[Data are in Appendix 1, tables 1-7a, 1-7b, and 1-8a through 1-9b. Samples were analyzed by NWQL. Concentrations are in micrograms
per liter. Maximum contaminant levels are from U.S. Environmental Protection Agency (2002); --, the U.S. Environmental Protection
Agency did not have a maximum contaminant level set for this constituent during the writing of this report; E, estimated value below low-

est calibration standard)

Number of
detec-
tions (per- Maximum
Reporting cent Maximum contami-
Constituent limit detections) concentration nant level Pesticide type

Mississippi River Valley alluvial aquifer (54 wells)

Bentazon 0.014 14 (26) E3.17 - Herbicide
Molinate 0.004 4 0.0528 - Herbicide
Fluometuron 0.035 3 (6) 1.22 - Herbicide
2,4-D 0.15 1 @ E0.02 70 Herbicide
Fenuron 0.013 1 @2 E0.02 - Herbicide
Atrazine 0.001 1 0.019 3 Herbicide
Deethylatrazine 0.002 1 Q© E0.0132 - Herbicide!
Metolachlor 0.002 1 @ 0.011 -- Herbicide
Propanil 0.004 1 2 E0.0028 - Herbicide
p,p’ DDE 0.006 1 @ E0.0015 - Insecticide?

Wells screened in the Holocene alluvium of the Mississippi River Valley alluvial aquifer (25 wells)

Bentazon 0.014 6 (24) E3.17 -- Herbicide
Molinate 0.004 2 (8 0.0376 -- Herbicide
Fluometuron 0.035 1 4 0.28 - Herbicide
Fenuron 0.013 1 @ E0.02 - Herbicide
Propanil 0.004 1 @ E0.0028 - Herbicide
p,p’ DDE 0.006 1 @ E0.0015 - Insecticide?

Wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer (29 wells)

Bentazon 0.014 8 (28) 0.31 -- Herbicide
Fluometuron 0.035 2 D 1.22 - Herbicide
Molinate 0.004 2 (D 0.0528 -- Herbicide
2,4-D 0.15 1 (3 E0.02 70 Herbicide
Atrazine 0.001 1 3 0.019 3 Herbicide
Deethylatrazine 0.002 1 3 E0.0132 - Herbicide!
Metolachlor 0.002 1 3 0.011 - Herbicide

! A degradation product of atrazine
2 A degradation product of p, p> DDT
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Table 9. Summary of pesticide and degradation product concentrations in water from 11 wells screened in the
Holocene alluvium and in water from 13 wells screened in the Pleistocene valley trains of the Mississippi River

Valley alluvial aquifer, 1998

[Data are in Appendix 1, tables 1-7c, 1-10a, and, 1-10b. Pesticide compounds were analyzed by the USGS laboratory in Lawrence, Kan-
sas. Pesticide compounds were detected in two wells, VT-18 and VT-26. Concentrations are in micrograms per liter. Maximum contami-
nant levels are from U.S. Environmental Protection Agency (2002); --, the U.S. Environmental Protection Agency did not have a
maximum contaminant level set for this constituent during the writing of this report]

Number of
detec-
tions (per- Maximum
Reporting cent Maximum contami-
Constituent limit detections) concentration nant level Pesticide type

Wells screened in the Holocene alluvium of the Mississippi River Valley alluvial aquifer (11 wells)

None were detected

Wells screened in the Pleistocene valley trains of the Mississippi River Valley alluvial aquifer (13 wells)

Alachlor ESA 0.20 2 (1)
Fluometuron 0.05 1 ®
Metolachlor ESA 0.20 1 )
Alachlor oxanilic acid 0.20 1
Metolachlor oxanilic acid 0.20 1

0.47 - Herbicide!
0.11 - Herbicide

0.94 - Herbicide?
0.45 - Herbicide!
0.2 - Herbicide?

! a degradation product of alachlor
a degradation product of metolachlor

by Mesko and Carlson (1988) included 14 pg/L for
metribuzin, 22 pg/L for alachlor, 120 pg/L for
metolachlor, and 150 pg/L for atrazine.

Volatile Organic Compounds

Of the 85 analyzed volatile organic com-
pounds (VOCs), 3 were detected at concentrations
above the minimum reporting limit in water from
at least one of 54 wells. Analyzed VOCs are listed
in Appendix table 1-11. At least one VOC was
detected in water from 4 of the 54 sampled wells.
Methyl tert butyl ether (MTBE) was detected in
water from wells VT-18 and VT-01 at 6.4 and 2.6
pg/L, respectively. MTBE, also called 2-methoxy-
2-methylpropane by the International Union of
Pure and Applied Chemistry (IUPAC), is used as
an octane booster for unleaded gasoline and in the
manufacture of isobutene (Lewis, 1992; Vers-
chueren, 1983). Dichlorofluoromethane was
detected in water from wells VT-14 and VT-05 at

estimated concentrations of 1.2 and 1.1 pg/L,
respectively. Dichlorofluoromethane, also known
as CFC-12, is used as a refrigerant in air condition-
ers, in plastics, as a blowing agent, as a low-tem-
perature solvent, and as a leak detecting agent
(Lewis, 1992; Verschueren, 1983). The highest
VOC detected was 22 pg/Lof diisopropyl ether in
water from well VT-18. Diisopropyl ether, also
called 2,2’-oxybis[propane] by the IUPAC and
sometimes referred to as isopropyl ether, is used in
several applications including a solvent for animal,
vegetable, and mineral oils, waxes, and resins; in
the extraction of acetic acid from aqueous solu-
tions; and in paint and varnish removers (Lewis,
1992; Verschueren, 1983). No VOC concentra-
tions exceeded MCLs.

Mesko and Carlson (1988) reported detec-
tions of three different VOCs in wells screened in
the alluvial aquifer in southeastern Missouri: chlo-
roform, 1,1,1-trichloroethane, and trichlorfluo-
romethane. The most frequently detected VOC in
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determined that water from the Pleistocene valley
trains is younger than water from the Holocene
alluvium.

Anthropogenic compounds were present in
water from four of the five wells with no detection
of tritium (HA-12, HA-17, HA-27, and VT-07).
One pesticide was detected in water from wells
HA-27 and VT-07. One VOC was detected in
wells HA-17, and HA-27. Two VOCs were
detected in well HA-12. The presence of anthropo-
genic compounds with the absence of tritium may
be due to direct leakage of water from the surface
to the well screen. Direct leakage of small amounts
of surface water with large concentrations of sur-
face contaminants and modern tritium concentra-
tions of about 5 TU (International Atomic Energy
Agency, 1995) might increase the concentrations
of surface contaminants to detectable levels while
not increasing the tritium concentration above the
detection level of 0.31 TU. Another explanation
for the detection of anthropogenic compounds in
water from wells with the absence of tritium is that
anthropogenic compounds might be moving to the
well screen in the form of non aqueous liquids that
contain pesticides or VOCs.

Large concentrations of iron (greater than 5
mg/L) and large concentrations of tritium (greater
than 4 TU) were present in water from 11 wells. As
ground water gets older, dissolved oxygen reacts
with decomposing organic matter in the aquifer.
With the reduction of dissolved oxygen concentra-
tion in ground water and the presence of organic
matter as an electron donor, ferric iron in iron
oxide compounds can be reduced to soluble fer-
rous iron (Freeze and Cherry, 1979). The presence
of large concentrations of iron in relatively young
water (containing trittum) may provide a clue to
the rate at which oxygen is consumed and iron is
reduced and dissolved in water within the alluvial
aquifer.

Stable Isotopes

The hydrogen and oxygen isotopes in water
were used in this study to help verify that ground
water came from recent, local precipitation. The

important stable isotopes of the water molecule in
stable-isotope hydrology are hydrogen-1 (‘H),
deuterium-2 (*H), oxygen-16 (160), and oxygen-
18 (180). 2H and '80 are rare compared to 'H and
160, The isotopic compositions of stable isotopes
2H and '80 are expressed in permil units, or parts
per thousand, as a deviation of the isotopic ratio
relative to a reference standard, by using the delta
notation (d):

8 = [(Rsample)/(Rreference) — 1] x 1, 000,

where R is the measured isotopic ratio. The delta
symbol in this report is followed by the heavier
isotope of the isotopic pair 2H/'H or 180/%0. Per-
mil values in this report are presented relative to
the standardized reference compound, Vienna
Standard Mean Ocean Water (VSMOW) (Coplen,
1994). The more enriched a water sample is with
2H or 180 the greater the permil value will be for
that water sample. Modern ocean water usually
has 82H and §'20 values close to zero, relative to
VSMOW. Most precipitation and ground-water
samples have negative 8%H and 8!30 values, rela-
tive to VSMOW.

The isotopic composition of water samples
from all 54 wells was similar to the expected iso-
topic composition of modern precipitation in the
study area. In water from wells, 8%H values ranged
from -35 to -15 permil with a median of -28 per-
mil, and 5'80 values ranged from -5.9 to -2.6 per-
mil with a median of -5.0 permil (Appendix 1,
tables 1-12a and 1-12b). The 8%H and 5'30 values
decreased with latitude, agreeing with the geo-
graphic variation of stable isotopes of precipita-
tion in the region (Taylor and Margaritz, 1978:
Faure, 1986). 2H and 180 in ground water were
most depleted in the northern part of the study area
and most enriched in the southern part of the study
area. 5°H and 5'80 values in water from wells
were covariant, having a linear regression line of
82H = 5.93 5180 + 1.48 (R2 = 0.95).
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WATER QUALITY IN SHALLOW GROUND
WATER

The water quality for almost all wells
screened in the Mississippi River Valley alluvial
aquifer was below USEPA MCLs, though water
from most wells exceeded at least one secondary
standard. Water from all wells had pesticide and
volatile organic compound concentrations below
MCLs. One well had a concentration of arsenic
just exceeding the current USEPA MCL of 50
pg/L. Secondary standards were exceeded for
manganese, iron, and dissolved solids in water
from 52, 49, and 10 wells, respectively.

None of the occurrences or concentrations of
suspected surface contaminants (VOCs, pesti-
cides, and nitrates) are significantly different
between the Holocene alluvium and the Pleis-
tocene valley trains. One would expect that the
concentrations of surface contaminants would be
greater in the Pleistocene valley trains than in the
Holocene alluvium because water appears to be
younger in the Pleistocene valley trains based on

hydrogeology and perhaps tritium concentrations.
Rank sum comparison tests do indicate that occur-
rences and concentrations of nitrite plus nitrate,
pesticides, and VOCs are greater in the Pleistocene
valley trains than in the Holocene alluvium, but
the p-values range from 0.2 to 0.4, indicating no
statistical significance.

GEOCHEMICAL HETEROGENEITY
WITHIN THE MISSISSIPPI RIVER VALLEY
ALLUVIAL AQUIFER

The results of this study indicate a signifi-
cant difference in the ground-water geochemistry
between the Holocene alluvium and the Pleis-
tocene valley trains within the Mississippi River
Valley alluvial aquifer. Seventeen chemical con-
stituents, many of them major ions, were detected
in concentrations significantly different between
the two subunits (table 10). Barium, potassium,
dissolved organic carbon, radium-226, chromium,
iron, magnesium, calcium, bicarbonate, dissolved

Table 10. Summary of rank sum comparisons of constituent concentrations in water from wells screened in the Mississippi

River Valley alluvial aquifer, 1998, by hydrogeologic subunit

[Data are from 25 wells screened in the Holocene alluvium and 29 wells screened in the Pleistocene valley trains. NO,, nitrite; NO;, nitrate; 124TMB, 1,2,4-
trimethylbenzene; Pest, pesticide; VOC, volatile organic compound; _hit, the number of different pesticides or VOCs detected in water from a well; _sum,
the sum of all pesticide or VOC concentrations measured in water from a well; DOC, dissolved organic carbon]

Greater concentrations

Holocene alluviam

Pleistocene valley trains

Concentrations are signifi-
cantly greater in the
Holocene alluvium than in
the Pleistocene valley trains
p-values <0.05

Concentrations are not sig-
nificantly greater in the
Holocene alluvium than in
the Pleistocene valley trains
p-values from 0.05 - 0.5

Concentrations are not signif-
icantly greater in the Pleis-
tocene valley trains than in
the Holocene alluvium
p-values from 0.05 - 0.5

Concentrations are signifi-
cantly greater in the Pleis-
tocene valley trains than in
the Holocene alluvium
p-values <0.05

Ammonia
Phosphorus
Fluoride

Barium
Potassium
DOC
Radium-226
Chromium
Iron
Magnesium
Calcium
Bicarbonate
Dissolved solids

NO,

Bromide
Orthophosphate
Bentazon
Arsenic

Sulfide

Silica
Molybdenum

Zinc
Pest_hit
Sodium

Aluminum
NO, +NO;
Oxygen
Nickel
Copper
VOC _hit
VOC_sum
Pest_sum
124TMB
Manganese

Tritium
Radon-222
Sulfate

pH
Chloride
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solids, ammonia, phosphorus, and fluoride were
present in greater concentrations in water from
wells screened in the Holocene alluvium than in
water from wells screened in the Pleistocene val-
ley trains. Tritium, radon-222, sulfate, pH, and,
chloride were present in greater concentrations or
values in water from wells screened in the Pleis-
tocene valley trains than in water from wells
screened in the Holocene alluvium.

The concentrations of the constituents dis-
cussed in the previoius paragraph indicate that
water in the Holocene alluvium is older and is
under more reducing conditions than water in the
Pleistocene valley trains. The concentrations of
some constituents provide information concerning
differences in the aquifer material between the
Holocene alluvium and the Pleistocene valley
trains. Tritium concentrations indicate that water
in the Holocene alluvium may be older than water
in the Pleistocene valley trains. Iron and ammonia
concentrations indicate the water in the Holocene
alluvium is under more reducing conditions than
water in the Pleistocene valley trains. Dissolved
organic carbon concentrations indicate that
organic matter may be more abundant in the
Holocene alluvium than in the Pleistocene valley
trains. The depositional environment that created
the Holocene alluvium, mostly meandering
streams, probably was more conducive to deposi-
tion of vegetation with sediment than the high-
energy depositional environment that created the
Pleistocene valley trains braided streams.

Differing hydrogeological characteristics
between the Holocene alluvium and the Pleis-
tocene valley trains can lead to significant differ-
ences in ground-water flow and ground-water
chemistry. The Pleistocene valley trains would
tend to have younger ground water than the
Holocene alluvium, based on hydrogeologic char-
acteristics. A combination of thinner confining
unit thickness and higher land-surface altitude can
make ground water in the Pleistocene valley trains
generally more susceptible to surface contami-
nants than the Holocene alluvium. A combination
of thicker confining unit thickness and lower land-
surface altitude can make ground water in the

Holocene alluvium generally older and have a
lower oxygen concentration and higher dissolved
solids concentration than the ground water in the
Pleistocene valley trains.

On a local scale, Gonthier (1998) compared
historical nitrate and iron concentrations between
the two subunits within northeastern Louisiana
and observed that within northeastern Louisiana,
concentrations of nitrate, a suspected surface con-
taminant, were significantly higher in water from
wells screened in the Pleistocene valley trains than
in water from wells screened in the Holocene allu-
vium (p-value of 0.0008) and concentrations of
iron were significantly higher in water from wells
screened in the Holocene alluvium than in water
from wells screened in the Pleistocene valley
trains (p-value of <0.00005).

SUMMARY

In 1991, the U.S. Geological Survey began
implementation of the National Water-Quality
Assessment Program to provide a consistent
description of the Nation’s ground- and surface-
water resources. The Mississippi Embayment
Study Unit is one of 17 study units that began in
1994. Water use from the Mississippi River Valley
alluvial aquifer is enormous; annual average
pumpage from the aquifer is about 7 Bgal/d. The
chemical analysis of water in the alluvial aquifer
provides an opportunity to monitor the infiltration
of potential contaminants into a vast ground-water
system that not only affects drinking water sup-
plies but also affects soil in farmland as a result of
irrigation.

The Mississippi River Valley alluvial aquifer
study area is the extent of the Holocene alluvium
(16,400 mi?) and Pleistocene valley train deposits
(12,100 mi2) within the Mississippi Alluvial Plain.
The study area includes parts of eastern Arkansas,
western Kentucky, northeastern Louisiana, north-
western Mississippi, southeastern Missouri, and
western Tennessee.

During the Quaternary, as much as 300 ft of
alluvial sediments filled the Mississippi Alluvial
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Plain. The Quaternary alluvium overlies and is
laterally adjacent to older Tertiary formations of
sand and clay, and Paleozoic formations of lime-
stone, dolostone, sandstone, and shale at the north-
western edge of the Mississippi Alluvial Plain.
The Quaternary alluvium has been separated into
more than 30 geologic units that can be grouped
into three major units: Pleistocene Prairie com-
plex, Pleistocene valley trains, and Holocene allu-
vium. The Prairie complex is older than the
Pleistocene valley trains and the Holocene allu-
vium. The Pleistocene valley trains were mostly
deposited as braided streams. Most recently,
Holocene alluvium was deposited as meandering
river deposits. The Pleistocene valley train depos-
its generally have coarser grain size and a thinner
clay-and-silt surficial unit than the Holocene allu-
vium.

Land use in the Mississippi Alluvial Plain is
mostly agriculture (80 percent) with some forest
(16 percent), surface water (3 percent), and urban
(1 percent). Annual pesticide application rate on
agricultural land within the Mississippi Alluvial
Plain was estimated to be 33 million pounds or
about 2.3 lb/acre.

Water samples were collected during sum-
mer 1998 from 25 wells screened in the Holocene
alluvium and 29 wells screened in the Pleistocene
valley trains. Water samples were analyzed for
turbidity, water temperature, pH, specific conduc-
tance, dissolved oxygen concentration, alkalinity,
ferrous iron, sulfide, major ions, nutrients, trace
elements, pesticides, volatile organic compounds,
radioisotopes, and stable isotopes. Ancillary
information such as land use within 164 and 1640
ft of each well, date of well installation, and well
depth, also was collected.

Fifty-three wells had a calcium bicarbonate
type water; one well in the southern part of the
study area had a sodium chloride type water. The
secondary standard (drinking water) was exceeded
for manganese (50 pg/L) in 52 wells; iron (300
ng/L) in 49 wells; and dissolved solids (500 mg/L)
in 10 wells. No nutrient concentrations exceeded
MCLs. Ammonia was the nutrient with the great-
est concentration (2.64 mg/L).

Of the 18 analyzed trace elements, 13 were
detected in water from wells screened in the Mis-
sissippi river Valley alluvial aquifer. Barium, iron,
manganese, and chromium were detected in water
from at least 96 percent of wells screened in the
alluvial aquifer. Nine other trace elements were
detected in water from at least one well screened in
the alluvial aquifer: arsenic, molybdenum, nickel,
zinc, cobalt, uranium, selenium, copper, and alu-
minum. The greatest concentration of a trace ele-
ment, excluding iron, was 3,290 pg/L for zinc.

Of the 83 pesticide compounds analyzed by
the NWQL, 10 were detected in water from at least
one of the 54 wells. Bentazon was the most fre-
quently detected pesticide, being detected in water
from 26 percent of the sampled wells. Nine other
pesticide compounds were detected in water from
at least one of the 54 wells; molinate, fluometuron,
2,4-D, fenuron, atrazine, deethylatrazine, meto-
lachlor, propanil, and p,p’DDE. Bentazon was the
pesticide with the greatest concentration (3.17
pg/L). No pesticide concentrations exceeded
MCLs.

Of'the 85 analyzed VOCs, 3 were detected at
concentrations above the minimum reporting limit
in water from at least one of 54 wells: MTBE,
dichlorofluoromethane, and diisopropyl ether. At
least one VOC was detected in water from 4 of the
54 sampled wells. No VOC concentrations
exceeded MCLs.

Radium-226 concentrations in water from 22
wells that were screened in the alluvial aquifer
ranged from 0.22 to 0.92 pCi/L. Radon-222 con-
centrations in water from 54 wells screened in the
alluvial aquifer ranged from 119 to 348 pCv/L.
Tritium was detected in water from 49 study wells.
The 2H and '80 concentrations in water from
wells were similar to the 2H and 30 concentra-
tions of precipitation in the study area.

The results of this study indicate a signifi-
cant difference in the ground-water geochemistry
between the Holocene alluvium and the Pleis-
tocene valley trains within the Mississippi River
Valley alluvial aquifer. Barium, potassium, dis-
solved organic carbon, radium-226, chromium,
iron, magnesium, calcium, bicarbonate, dissolved
solids, ammonia, phosphorus, and fluoride were
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present in greater concentrations in water from
wells screened in the Holocene alluvium than in
water from wells screened in the Pleistocene val-
ley trains. Tritium, radon-222, sulfate, pH, and
chloride were present in greater concentrations or
values in water from wells screened in the Pleis-
tocene valley trains than in water from wells
screened in the Holocene alluvium. The water-
quality data indicate that water in the Holocene
alluvium is older, more in contact with organic
matter in the aquifer material, and under more
reducing conditions than water in the Pleistocene
valley trains. Differing hydrogeological charac-
teristics between the Holocene alluvium and the
Pleistocene valley trains can lead to significant
differences in ground-water flow and ground-
water chemistry.

Summary
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80 AQuality of Ground Water in Pleistocene and Holocene Subunits of the Mississippi River Valley Alluvial Aquifer, 1998
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