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FOREWORD

The U.S. Geological Survey (USGS) is 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. Infor-
mation on the quality of the Nation’s water resources
is of critical interest to the USGS because it is so inte-
grally 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 avail-
ability, 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
NAWOQA 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 emerg-
ing water issues. 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 imple-
mented 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 consis-
tent study design and methods of sampling and analy-
sis. 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 compari-
sons 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 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 coordina-
tion 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 organiza-
tions, 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, VERTICAL DATUM, and ABBREVIATIONS

Multiply By To obtain
Length
millimeter (mm) 0.3937 inch
centimeter (cm) 0.03937 inch
meter (m) 3.281 foot
kilometer (km) 0.6214 mile
Area
square meter (m?) 10.76 square foot
square hectometer (hm?) 2.471 acre
sguare kilometer (kmz) 0.3861 sguare mile
Volume
cubic hectometer (hm3) 810.7 acre-foot
liter (L) 33.82 ounce
milliliter (mL) 0.0338 ounce
Flow
cubic meter per second (m3/s) 35.31 cubic foot per second
cubic meter per second per square kilometer [(m3/s)/km2] 91.46 cubic foot per second per square mile
Mass
kilogram (kg) 2.205 pound
metric ton 1.102 ton, short
kilogram per day (kg/d) 2.205 pound per day
kilogram per hectare (kg/ha) 0.8924 pound per acre
kilogram per square kilometer (kg/km?) 5.711 pound per square mile
kilogram per square kilometer per year [(kg/km?)/yr] 5.711 pound per square mile per year
gram per kilogram (g/kg) 0.0160 ounce per pound
Concentration
milligram per liter (mg/L) 1.0 parts per million

Temperature in degrees Celsius (° C) may be converted to degrees Fahrenheit (° F) as follows:

°F=18(°C) + 32

Concentrations of chemical constituentsin water are given in milligrams per liter (mg/L).

Water year is the 12-month period from October 1 through September 30 and is designated by the year in which it ends. For example, the
water year ending September 30, 1996, is called water year 1996.
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GLOSSARY

Ammonia. A compound of nitrogen and hydrogen
(NHy) that is a common by-product of animal waste.
Ammoniareadily converts to nitrate in soils and
streams.

Analyte. A specific compound or element of interest under-
going chemical analysis.

Atmospheric deposition. The transfer of substances from the
air to the surface of the Earth, either in wet form (rain,
fog, snow, dew, frost, hail) or in dry form (gases, aero-
sols, particles).

Base flow. Sustained, low flow in a stream; ground-water
discharge is the source of base flow in most places.

Basic-fixed site. Site on a stream at which streamflow is
measured and samples are collected for temperature,
specific conductance, pH, dissolved oxygen, nutrients,
major ions, pesticides, suspended sediment, and
organic carbon to assess the broad-scale spatial and
temporal character and transport of inorganic and
organic constituents of stream water in relation to
hydrol ogic conditions and environmental setting.

Constituent. A chemical or biological substance in water,
sediment, or biotathat can be measured by an analyt-
ical method.

Detection limit. The concentration below which a particular
analytical method cannot determine, with a high
degree of certainty, a concentration of an analyte.

Drainage area. The area, measured in a horizontal plane,
which is enclosed by a drainage divide.

Drainage basin. The portion of the surface of the Earth that
contributes water to a stream through overland runoff,
including tributaries and impoundments.

Drinking-water regulation or guideline. A threshold
concentration in a public drinking-water supply,
designed to protect human health. As defined here,
regulations are U.S. Environmental Protection Agency
regulations that specify the maximum contamination
levelsfor public water systems required to protect the
public welfare; guidelines have no regulatory status
and are issued in an advisory capacity.

Environmental sample. A water sample collected from a
stream or river for the purpose of chemical, physical,
or biological characterization of the sampled resource.

Equal-width increment (EWI) sample. A composite
sample across a section of stream with equal spacing
between verticals and equal transit rates within each
vertical that yields a representative sample of stream
conditions.

Erosion. The process whereby materials of the Earth’s crust
are loosened, dissolved, or worn away and simulta-
neously moved from one place to another.

Eutrophication. The process by which water becomes
enriched with nutrients, most commonly phosphorus
and nitrogen.

Field equipment blank. A solution of water that
contains analytes of interest below detection limits
and is subjected to all aspects of sample collection,
processing, preservation, transportation, and laboratory
handling as an environmental sample but is collected
at the sampling site immediately before the environ-
mental sample.

Hypoxia. Seasonal depletion of dissolved oxygen (less
than 2.0 milligrams per liter) within a water body,
which is related to eutrophication of the water body.
Most aquatic species cannot survive at such low
oxygen levels.

Indicator site. Stream sampling site located at an outlet of a
drainage basin with relatively homogeneous land use
and physiographic conditions; indicator sites have
drainage areas ranging from 320 to 1,080 square kilo-
meters within the Eastern lowa Basins.

Integrator site. Stream sampling site located at an outlet
of adrainage basin that contains multiple environ-
mental settings. Integrator sites are located on major
rivers with drainage areas ranging form 6,050 to
32,400 square kilometers within the Eastern lowa
Basins.

Intensive-fixed site. A basic-fixed site with increased
sampling frequency during selected seasonal periods
and analysis of dissolved pesticidesfor 1 year.

Karst. A type of topography that results from dissolution
and collapse of carbonate rocks such as limestone and
dolomite and characterized by closed depressions or
sinkholes, caves, and underground drainage.

Load. Genera term that refersto a material or constituent
in solution, in suspension, or in transport; usually
expressed in terms of mass or volume.

Loess. Homogeneous, fine-grained sediment made up
primarily of silt and clay and deposited over awide
area (typically by wind).

Maximum contaminant level (MCL). Maximum permissible
level of acontaminant in water that is delivered to any
user of a public water system. MCLs are enforceable
regulations established by the U.S. Environmental
Protection Agency.

Mean. The average of a set of observations, unless other-
wise specified.

Mean discharge. The arithmetic average of individual daily
average discharges during a specific period, usually
daily, monthly, or annualy.

Median. The middle or central value in a distribution of
dataranked in order of magnitude. The median also
is known as the 50th percentile.
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Minimum reporting limit (MRL). The smallest measured
concentration of a constituent that may be reliably
reported by an analytical method. The minimum
reporting level is generally higher than the detection
limit because of unpredictable matrix effects for
different waters.

Nitrate. Anion consisting of nitrogen and oxygen (NOsg").
Nitrate is anutrient and is very soluble in water.

Nonpoint source. A pollution source that cannot be
defined as originating from discrete points, such as
pipe discharge. Areas of fertilizer and pesticide appli-
cations, atmospheric deposition, manure, and natural
inputs from plants are types of nonpoint-source
pollution.

Nutrient. Chemical element that is essential to plant and
animal nutrition. Nitrogen and phosphorus are nutri-
ents that are important to aquatic life, but in high
concentrations, they can be contaminants in water.
These nutrients occur in avariety of forms. Both are
affected by chemical and biological processes that can
change their form and can transfer them to or from
water, soil, biological organisms, and the atmosphere.

Overland flow. The part of surface runoff flowing over land
surfaces toward stream channels.

Phosphorus. A nutrient essential for growth that can play
akey rolein simulating aquatic growth in lakes and
streams.

Point source. A source of chemical, physical, biological
input to awater body at a discrete location such asa
discharge pipe, drainage ditch, tunnel, well, concen-
trated livestock operation, or floating craft.

X GLOSSARY

Quality assurance. Evaluation of quality-control datato
allow quantitative determination of the quality of
chemical data collected during a study. Techniques
used to collect, process, and analyze water samples
are evaluated.

Reference site. Site at the headwater of a drainage basin
that has been minimally affected by humans.

Sediment. Particles, derived from rocks or biological
materias, that have been transported by afluid or
other natural process, suspended or settled in water.

Solit sample. A sample prepared by dividing it into two or
more equal volumes, where each volumeis considered
a separate sample but representative of the entire
sample.

Study unit. A mgjor hydrologic system of the United States
in which NAWQA studies are focused. NAWQA study
units are geographically defined by a combination of
ground- and surface-water features and usually encom-
pass more than 10,000 square kilometers.

Synoptic sites. Sites sampled during short time periods
(1 week or less) to evaluate the spatial distribution
of water quality during specified hydrologic
conditions.

Tiledrain (line). A buried perforated pipe designed to
remove excess water from soils.

Yield. The mass of material or constituent transported
by ariver in a specified period of time divided by
the drainage area of the river basin.



Water-Quality Assessment of the Eastern lowa
Basins—Nitrogen, Phosphorus, Suspended
Sediment, and Organic Carbon in Surface Water,

1996-98

By Kent D. Becher, Stephen J. Kalkhoff, Douglas J. Schnoebelen, Kimberlee K. Barnes,

and \Von E. Miller

Abstract

Twelve sites on streams and riversin the
Eastern lowa Basins study unit were sampled
monthly and during selected storm events from
March 1996 through September 1998 to assess
the occurrence, distribution, and transport of
nitrogen, phosphorus, suspended sediment, and
organic carbon as part of the U.S. Geological
Survey’s National Water-Quality Assessment
Program. One site was dropped from monthly
sampling after 1996. Dissolved nitrogen and
phosphorus were detected in every water sample
collected. Nitrate accounted for 92 percent of the
total dissolved nitrogen. About 22 percent of the
samples had nitrate concentrations that exceeded
the U.S. Environmental Protection Agency’s max-
imum contaminant level of 10 milligrams per liter
as nitrogen for drinking-water regulations. The
median concentration of total dissolved nitrogen
for surface water in the study unit was 7.2 milli-
grams per liter. The median total phosphorus con-
centration for the study unit was 0.22 milligram
per liter. About 75 percent of the total phosphorus
concentrations exceeded the U.S. Environmental
Protection Agency recommended total phospho-
rus concentration of 0.10 milligram per liter or
less to minimize algal growth. Median suspended
sediment and dissolved organic-carbon concentra-
tions for the study unit were 82 and 3.5 milli-
grams per liter, respectively.

Median concentrations of nitrogen, phos-
phorus, and suspended sediment varied annually
and seasonally. Nitrogen, phosphorus, and
suspended-sediment concentrations increased
each year of the study due to increased precipita-
tion and runoff. Median concentrations of dis-
solved organic carbon were constant from 1996
to 1998. Nitrogen concentrations were typically
higher in the spring after fertilizer application and
runoff. During winter, nitrogen concentrations
typically increased when there wasllittle in-stream
processing by biota. Nitrogen and phosphorus
concentrations decreased in late summer when
there was less runoff and in-stream processing
of nitrogen and phosphorus was high. Dissolved
organic carbon was highest in February and
March when decaying vegetation and manure
were transported during snowmelt. Suspended-
sediment concentrations were highest in early
summer (May—June) during runoff and lowest in
January when there was ice cover with very little
overland flow contributing to rivers and streams.
Based on historical and study-unit data, eastern
lowa streams and rivers are impacted by both
nonpoint and point-source pollution.

Indicator sites that have homogeneous land
use, and geology had samples with significantly
higher concentrations of total dissolved nitrogen
(median, 8.2 milligrams per liter) than did sam-
plesfrom integrator sites (median, 6.2 milligrams
per liter) that were more heterogeneous in land
use and geology. Samples from integrator sites
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typically had significantly higher total phosphorus
and suspended-sediment concentrations than did
samples from indicator sites. Typically, there was
very little difference in median dissolved organic-
carbon concentrations in samples from indicator
and integrator sites.

Concentrations of nitrogen and phosphorus
varied across the study unit due to land use and
physiography. Basins that are located in areas
with a higher percentage of row-crop agriculture
typically had samples with higher nitrogen con-
centrations. Basins that drain the Southern lowa
Drift Plain and the Des Moines Lobe typically
had samples with higher total phosphorus and
suspended-sediment concentrations.

Total nitrogen loads increased each year
from 1996 through 1998 in conjunction with
increased concentrations and runoff. Total phos-
phorus loads in the Skunk River Basin decreased
in 1997 due to less runoff and decreased sediment
transport, but increased in 1998 due to higher run-
off and increased sediment transport. Total nitro-
gen and total phosphorus loads varied seasonally.
The highest loads typically occurred in early
spring and summer after fertilizer application
and runoff. Loads were lowest in January and
September when there was typically very little
runoff to transport nitrogen and phosphorus
in the soil to therivers and streams.

Total nitrogen loads contributed to the
Mississippi River from the Eastern lowa Basins
during 1996, 1997, and 1998 were 97,600,
120,000, and 234,000 metric tons, respectively.
Total phosphorus loads contributed to the
Mississippi River from the Eastern lowa Basins
during 1996, 1997, and 1998 were 6,860, 4,550,
and 8,830 metric tons, respectively. Suspended-
sediment loads contributed to the Mississippi
River from the Eastern lowa Basins during 1996,
1997, and 1998 were 7,480,000, 4,450,000, and
8,690,000 metric tons, respectively. The highest
total nitrogen and total phosphorus yields typi-
cally occurred in samples from indicator sites.
Sampling sites located in drainage basins with
higher row-crop percentage typically had higher
nitrogen and phosphorus yields. Sitesthat were
located in the Des Moines Lobe and the Southern

lowa Drift Plain typically had higher phosphorus
yields, probably due to physiographic features
(for example, erodible soils, steeper sopes).
Synoptic samples collected during low
and high base flow had nitrogen, phosphorus,
and organic-carbon concentrations that varied
gpatially and seasonally. Comparisons of water-
quality data from six basic-fixed sampling sites
and 19 other synoptic sites suggest that the water-
quality data from basic-fixed sampling sites were
representative of the entire study unit during peri-
ods of low and high base flow when most stream-
flow originates from ground water.

INTRODUCTION

The Eastern lowa Basins (EIWA) study
unit (fig. 1) is1 of 15 U.S. Geological Survey
(USGS) National Water-Quality Assessment Program
(NAWQA) study unitsactivated in 1994 (fig. 1). Infor-
mation on water-quality conditionsin the EIWA is
necessary for planning and management. Part of the
assessment of the study unit addressed surface-water
conditions. Specific surface-water-quality issues of
primary concern in the EIWA include degradation of
aquatic ecosystems, soil erosion (sediment), and ele-
vated concentrations of nitrogen, phosphorus, organic
carbon, and synthetic organic compounds (including
pesticides) (lowa Department of Natural Resources,
1994; Kakhoff, 1994; Hallberg and others, 1996;
Goolsby and others, 1997).

Importance of Nitrogen, Phosphorus,
Suspended Sediment, and Organic
Carbon

Nitrogen and phosphorus compounds can
occur naturally at small concentrationsin stream water
(Hem, 1985). In addition, nitrogen and phosphorus can
be introduced into the environment from sources such
as chemical fertilizer, animal manure, wastewater
effluent, atmospheric deposition, soil mineralization,
and legume fixation.

Nitrogen compounds are a water-quality con-
cern primarily because they contribute to aquatic plant
growth, eutrophication, and toxicity. Algae generaly
prefer ammoniaover nitrate for growth (Brezonik,
1973, p. 11), but both the reduced species of nitrogen

2 Water-Quality Assessment of the Eastern lowa Basins—Nitrogen, Phosphorus, Suspended Sediment,
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(ammonia and organic nitrogen) and the oxidized
species (nitrite and nitrate) can be used as nutrients
for algal growth.

Considerable concern in recent years has been
expressed over health effects of nitrate in drinking
water (Neill, 1989). Nitrite and nitrate have been
linked to infantile methemoglobinemia (whereby the
blood loses its ability to transport oxygen) and are sus-
pected of causing the formation of carcinogenic nitro-
samines and nitrosamides (Neill, 1989). In addition,
an association between nitrate in drinking water
and bladder cancer in women has been identified
(Weyer and others, 2001). The maximum contaminant
level (MCL) for drinking water established by the
U.S. Environmental Protection Agency (USEPA) is
10 mg/L of nitrate as nitrogen (U.S. Environmental
Protection Agency, 1996).

Phosphorus compounds are a water-quality con-
cern because, like nitrogen, phosphorus is an essential
nutrient for plant growth. To prevent the excessive
growth of aquatic plants in water bodies, the USEPA
recommends that total phosphorus concentrations not
exceed 0.10 mg/L as phosphorus (U.S. Environmental
Protection Agency, 1986). About 95 percent of the
phosphorus transported by riversis adsorbed to sedi-
ment (Maybeck, 1982). However, algae and other
aquatic plants most readily use the soluble or dissolved
compounds of phosphorus. Sources of phosphorus
include wastewater-treatment-plant effluent, deter-
gents, manure, fertilizers, and sediment from surface-
water runoff.

The Midwestern United States has been identi-
fied asamajor contributor of nitrogen and phosphorus
to the Mississippi River (Goolsby and others, 1997). In
nutrient-poor freshwater, inorganic phosphate is often
the factor limiting the growth of aquatic plants and
algae. However, nitrate as nitrogen tends to become
the limiting factor when phosphorusiis plentiful
(Allen, 1995, p. 89). Recent studies in the Gulf of
Mexico have indicated areas with small dissolved-
oxygen concentrations (less than 2.0 mg/L), a condi-
tion known as hypoxia. The occurrence of hypoxiain
the Gulf of Mexico has been linked to nitrogen and
phosphorus loads discharged from the Missi ssippi
River (Turner and Rabalais, 1994; Goolsby and others,
1999). Increases in nitrogen and phosphorus loads to
the Gulf of Mexico can promote the excessive growth
of algae which eventually die and decompose, deplet-
ing the water column of dissolved oxygen, which can
kill or otherwise adversely affect fish and other aquatic
life.

Sediment is awater-quality concern because it
can fill reservoirs, prevent sunlight from penetrating
the water to reach aquatic plants, and adsorb and trans-
port many toxic compounds. Suspended sediment
originatesfrom erosion within streams and on uplands.
Phosphorusis one of the constituents that tends to
adsorb to sediment.

The organic layer in soilsis amajor source of
soluble organic compounds (Drever, 1988). Organic
carbon is awater-quality concern becauseit plays a
major role in chemical processes and the transport of
trace metals. Dissolved organic carbon (DOC) and
suspended organic carbon (SOC) are normally present
in surface water from decaying vegetation, living
organisms suspended in the water column such as
algae and bacteria, sewage, and manure.

Purpose and Scope

Water-quality data presented in this report
were collected at 12 surface-water-quality sites
from March 1996 through September 1998 as
part of the EIWA NAWQA. The objectives of this
report are to: (1) summarize nitrogen, phosphorus,
suspended-sediment, and organic-carbon data
in drainage basins both spatially and temporally
during 1996-98; (2) compare nitrogen, phosphorus,
suspended-sediment, and organic-carbon concentra-
tions among drainage basins and relate differences
toland use, basin physical characteristics, streamflow,
and human factors; and (3) estimate loads and yields
of total nitrogen, total phosphorus, and suspended
sediment transported by rivers and streams. Twelve
sites were sampled during thefirst year of the study
(1996) and 11 were sampled during the last 2 years
of the study (1997-98). In addition, results from
synoptic studies conducted in 25 small watersheds
(310-1,480 km2) during high and low base-flow
conditions are discussed.

Schnoebelen and others (1999) summarized his-
torical surface-water nitrogen and phosphorus datain
the EIWA study unit collected by various agencies
from 1970 through 1995. The present EIWA study
updates nitrogen and phosphorus findings within the
study unit for the sampling period (1996-98) and
expands information to drainage basins where limited
water-quality data were available. In addition, EIWA
water-quality data will be useful for national compari-
sons with other NAWQA study units.

4 Water-Quality Assessment of the Eastern lowa Basins—Nitrog