MAJOR FINDINGS

Nutrients in Ground Water
and Streams

Two naturally occurring nutri-
ents, nitrogen and phosphorus,
commonly are applied in the form
of fertilizers and manure in agricul-
tural areas to increase the yield of
crops and as fertilizer in cities and
towns to enhance the appearance of
residential lawns, city parks, and
golf courses. Nitrogen and phos-
phorus also are commonly dis-
charged from wastewater-treatment
facilities. Nutrients that are not
used by plants or attached to soil
particles can move to shallow
ground water or can be washed into
nearby streams during intense
rains. Runoff from rainfall and
ground-water inflow can transport
excess nutrients to streams, causing
algal blooms that deplete oxygen
for fish and other aquatic organ-
isms. High concentrations of nitro-
gen in the form of nitrate may
make untreated water unsuitable
for human consumption. The
USEPA has established a Maxi-
mum Contaminant Level (MCL) of
10 mg/L (milligrams per liter) for
nitrate as nitrogen in drinking
water (U.S. Environmental Protec-
tion Agency, 1996). High concen-
trations of nitrogen in the form of
ammonia may kill fish and other
aquatic organisms. To minimize
algal growth in streams and reser-
voirs, a total phosphorus concen-
tration of 0.10 mg/L or less has
been recommended by the USEPA
(1986).

Nutrients in Ground Water

Nitrogen and phosphorus are
prevalent in ground water. Nitro-
gen readily moves from the land
surface to ground water in the shal-
low alluvial aquifers but not as
readily to most parts of the deeper
Silurian-Devonian and Upper Car-
bonate bedrock aquifers in the

Eastern Iowa Basins. Nitrogen, in
the form of nitrate and ammonia,
and dissolved phosphorus were
detected in more than 65 percent of
124 ground-water samples. Nitrate
concentrations were significantly
higher in the shallow alluvial aqui-
fers, which have been identified as
being susceptible to contamination
(Hoyer and Hallberg, 1991), than
in the Silurian-Devonian and
Upper Carbonate bedrock aquifers
(fig. 6). Nitrate concentrations in
water samples from monitoring
wells screened near the water table
in urban areas were higher than
concentrations in samples from
domestic wells, which generally
are screened deeper in the aquifers.

Human and natural factors
affect movement of nutrients to
ground water. Downward move-
ment of water containing nitrogen
and phosphorus is slowed by fine-
grained materials overlying the
aquifers. The presence of clay in
the soil and in the shallow subsur-
face and low-permeability rocks,
such as shale, can slow ground-

water infiltration rates and limit the
amount of nutrients at depth. Surfi-
cial contamination most affects
water near the top of the alluvial
aquifers where the clay layer above
the water table is thin or nonexist-
ent (see fig. 8, p. 8).

In the Silurian-Devonian and
Upper Carbonate aquifers, ground-
water ages (determined by analysis
of tritium concentrations) were sig-
nificantly younger and nitrate con-
centrations were significantly
higher in samples from areas where
an overlying low-permeability
shale layer was absent or where
less than 100 feet of unconsoli-
dated deposits overlies the aquifer
(Savoca and others, 1999). These
two results indicate that longer
flow paths (deeper sample depth
and thicker clay layer) increase
opportunities for sorption, degrada-
tion, and dispersion and may con-
tribute to decreases in nutrient
concentrations with depth. Alterna-
tively, water deeper in the aquifer
may have infiltrated in years when
fertilizer use was not as prevalent.
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Figure 6. The shallowest ground water is most heavily affected by current land-
use practices. Agricultural practices result in higher levels of nitrate in ground

water than urban activities.
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NUTRIENT CONCENTRATIONS IN STREAMS WERE

AMONG THE HIGHEST IN THE NATION

Concentrations of nitrate and total phosphorus in streams in Eastern lowa
Basins rank among the highest in the Nation (fig. 7). The median discharge-
weighted nitrate concentrations also were significantly greater in Eastern
lowa Basins streams than in streams sampled elsewhere in the Corn Belt and
Northern Great Plains ecoregion (Omernik, 2000)—an area of similar cli-
mate, topography, regional geology and soils, and broad land-use patterns.
Overall, total nitrogen concentrations were similar to the streams sampled in
[llinois and to an agricultural stream sampled in southern Minnesota. Nitrate
concentrations were in the upper 25th percentile nationally for 9 of 11 Basic
Fixed Sites. The defined reference site (Wapsipinicon River near Tripoli) and the site on the stream draining
the lowan Karst landform (Flood Creek near Powersville) were within the middle 50 percent nationally. Con-
centrations of total phosphorus ranged from moderate to high in relation to other streams sampled in the United
States. Average discharge-weighted total phosphorus concentrations at two sites (Old Mans Creek near lowa
City and Skunk River at Augusta) in the southern part of the Eastern lowa Basins, where highly erodible loess
soils cover most of the basins, were in the upper fifth percentile nationally.

Although substantially lower than in
surface water, nitrate concentrations in the
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tration in the alluvial aquifers in agricul-
tural areas of Eastern lowa Basins was
greater than in ground water in the rest of
the Nation. Increased susceptibility and
greater fertilizer use may account for the
higher phosphorus concentrations.

Figure 7. Nitrate and phosphorus concentrations in Eastern lowa Basins
streams and ground water are higher when compared with a wide variety
of land uses across the Nation and when compared to similar land use in
other parts of the Corn Belt. (Phosphorus in ground water as dissolved
orthophosphorus and phosphorus in streams as total phosphorus)

formed and removed from the

Natural processes may remove
nitrogen from alluvial aquifers.
The relation between nitrogen, dis-
solved oxygen, and organic carbon
concentrations suggests that nitro-
gen is being biologically trans-

alluvial aquifers. Nitrate remain-
ing after water moves through or
around clay layers may be con-
verted to nitrogen gas in a low-
oxygen or oxygen-free environ-
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ment in the presence of organic
carbon. This process is called
denitrification. Nitrate concentra-
tions were significantly higher in
alluvial ground water having dis-
solved oxygen concentrations
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Figure 8. Overlying clay and other low-
permeability material hinder movement
of nitrate to ground water.

greater than 0.5 mg/L and were sig-
nificantly lower in ground-water
samples having increased dissolved
organic carbon concentrations
(Savoca and others, 2000). Denitri-
fication may be an important natu-
ral process that reduces nitrate
concentrations before water moves
to ground-water supplies or is dis-
charged to streams.

The type of land use affects
shallow ground-water quality.
Different uses, whether the land is
used for agriculture, homes, busi-
ness, or industry, are reflected in
the nutrient concentrations in the
ground water. Animal feeding
operations can further affect water
quality in areas with intensive row-
crop agriculture (fig. 9). Nitrate
was detected more frequently
(94 percent of samples) and in
greater concentrations (median of
5.1 mg/L) in shallow alluvial

aquifers in agricultural areas than
in urban areas. Nitrate was detected
in 77 percent of samples at a
median concentration of 1.8 mg/L
from urban areas (fig. 6). Nitrate
exceeded the USEPA MCL

(10 mg/L as N) in 39 percent of
samples from agricultural areas and
in none of the samples from urban
areas. Dissolved phosphorus con-
centrations tended to be higher in
samples from agricultural areas
(median of 0.03 mg/L) than urban
areas (median of 0.01 mg/L); how-
ever, the difference was not statisti-
cally significant. The higher
reliance on fertilizers in agricul-
tural areas than in urban areas most
likely contributed to the higher
nitrate and phosphorus concentra-
tions.

Ammonia is prevalent in shal-
low urban ground water. Dis-
solved ammonia concentrations
were significantly higher in sam-
ples from urban areas than in
samples from agricultural areas
(fig. 9). The median dissolved
ammonia concentration in samples
from shallow urban ground
water (0.025 mg/L) was more than
twice the median concentration in
samples from agricultural areas
(0.010 mg/L). Anhydrous ammonia
is used frequently as a nitrogen fer-
tilizer for corn, but soil microbes
quickly convert ammonia to
nitrate.

Conditions in the alluvial aqui-
fers (fig. 9) indicate that ammonia
in shallow urban ground water
originates, at least partly, from deg-
radation of organic matter most
likely derived from human activi-
ties. Substantial amounts of organic
matter are available in the soil, silt,
and clay above the aquifer and dis-
solved in water within the aquifer.
Dissolved oxygen concentrations
were significantly lower in urban

areas than in agricultural areas.
Microbial degradation of abundant
organic matter would result in the
decrease in dissolved oxygen con-
centrations and in the increase of
dissolved ammonia concentrations
in shallow ground water.
Nutrients move from ground
water to streams by natural
drainage and tile lines. At times,
ground water contributes a substan-
tial amount of nitrogen to streams
in the Eastern lowa Basins Study
Unit. In most parts of the Study
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Figure 9. Agricultural and urban land
uses contribute nitrogen to shallow
alluvial aquifers. Conditions are
suitable in urban areas for the
formation of ammonia in the organic-
enriched aquifers.

Major Findings 9



Unit, water naturally flows from
alluvial aquifers to streams through
the streambanks and streambeds.
During high base flow in May
1998, nitrate concentrations in
samples from 24 of 25 streams in
the Eastern lowa Basins were
higher than 10 mg/L. In contrast,
nitrate concentrations in these
streams ranged from less than 0.05
to 8.3 mg/L during low base flow
in August 1997. The high concen-
trations detected during the spring
may be due to the increased
ground-water inflow after fertilizer
was applied and was readily avail-
able for transport.

Shallow tile lines have been
installed to remove excess water
from the land and to lower the
water table in many parts of the
Study Unit. These tile lines typi-
cally drain water from the upper
part of the water table, which gen-
erally contains the highest nitrate
concentrations to nearby streams.
During the summer, the water table
may decline below the tile lines
due to decreased rainfall and
increased evapotranspiration. Tile-
line flow and nutrient transport
then cease. For example, nitrate
concentrations were consistently
higher than 10 mg/L in tile-line dis-
charge from April until the end of
August when flow in this and other
local tile lines ceased (fig. 10).
After tile flow ceased, nitrate con-
centrations in the lowa River
decreased.

When tile flow ceases, stream-
flow originates from natural
ground-water inflow, which
traverses deeper and longer flow
paths. Water that originates from
deep in the alluvial aquifers con-
tains low nitrate concentrations
(see previous discussion) due to
transformation in the aquifer or

streambed and plant uptake as it
passes beneath riparian buffers.
These results are similar to those of
previous studies (Cambardella and
others, 1999; Soenksen, 1996) that
documented the importance of tile-
line discharge on stream-water
quality.

Increased algal growth in late
summer and early fall also can con-
tribute to decreased nitrate concen-
trations in streams (Porter, 2000).
Tile-line drainage is an important
hydrologic factor that may serve to
protect shallow ground water by
removing contaminants before they
move down into the aquifers; how-
ever, tile lines also may enhance
the contamination of streams by
short circuiting natural processes
that remove nitrogen from ground
water.

Nutrients in Streams

The concentrations of nutrients
in a stream or river are the result of
the interaction of human activities
and natural factors in the basin.
Human activities, agricultural and
urban, generally increase the input

of nitrogen and phosphorus into the
basin, alter the land surface and
drainage patterns (which may
affect the amount and timing of
rainfall runoff), and alter vegeta-
tion on the land and habitat in
streams and rivers, resulting in a
more rapid flushing of nutrients
from the land and downstream in
streams and rivers. Natural factors
including the amount and timing of
rainfall, soil types, and land-sur-
face slope affect the amount of
nitrogen and phosphorus washed
off fields into nearby streams.

Nitrogen and phosphorus are
almost always present in streams
and rivers. Nitrate, the most com-
mon form of nitrogen in streams
and rivers in the Eastern lowa
Basins, was present in more than
98 percent of the samples at con-
centrations of 0.05 mg/L or greater
and was most frequently (80 per-
cent of the samples) present in the
range of 1 to 10 mg/L (fig. 11).
Nitrate concentrations less than
about 0.5 mg/L were generally
associated with low streamflow in
late summer when nitrogen inputs
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Figure 10. Tile lines can contribute substantial amounts of nitrate to streams
and rivers. Nitrate concentrations in the lowa River near Rowan decreased as

tile-line discharge ceased.
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Figure 11. Nitrate concentrations in streams were most often in the
range of 1 to 10 mg/L and equaled or exceeded the Maximum
Contaminant Level in 22 percent of the samples. In contrast, total
phosphorus concentrations equaled or exceeded the 0.1-mg/L goal for
minimization of algal growth in 75 percent of the samples.

were low and algal uptake was
high. About 22 percent of the
samples (fig. 12) contained nitrate
concentrations at or above the
USEPA's drinking-water standard
of 10 mg/L (U.S. Environmental
Protection Agency, 1996).

Phosphorus, dissolved in the
stream water and attached to
sediment particles or organic
compounds transported in the
stream, was present in all samples.
Total phosphorus concentrations
exceeded the USEPA goal of
0.1 mg/L (U.S. Environmental
Protection Agency, 1986) or less to
minimize plant and algal growth
about 75 percent of the time.
Streams with large total phospho-
rus concentrations generally con-
tained large suspended-sediment
concentrations.

Landform and land use affect
nitrogen and phosphorus concen-
trations. Nitrogen and phosphorus
concentrations in streams differed

among landform areas and with
land use (fig. 12). Basins of the size
investigated during this study
where human activities are mini-
mal (background) are not present in
eastern lowa and southern Minne-
sota. The Wapsipinicon River near
Tripoli was identified as a refer-
ence site, however, because
although agricultural land use con-
stitutes more than 90 percent of the
basin, substantial areas of riparian
forests and wetlands remain. Sam-
ples from the reference site gener-
ally had the lowest median nutrient
concentrations of any stream site
studied. Median suspended-sedi-
ment concentrations also were the
lowest. Biological indicators of
water quality at the reference site
were better than all other sites in
the Study Unit. Extensive flood-
plain vegetation may decrease
direct transport of nutrients from
fields to the Wapsipinicon River,
and extensively wooded banks on

the nonchannelized river may
decrease streambank erosion and
enhance biological habitat.

Smaller streams Large rivers
draining basins with draining basin with
one predominant mixed landforms

landform or land use and land use

15 Maximum . ]

Contaminant Nitrate |

Le{/el 1
10
5
0
0.4

Total phosphorus —

Recommended —
goal T

el

300

Sediment |

MEDIAN CONCENTRATION, IN MILLIGRAMS PER LITER

200

100

(0]
o
c
o
b
(9]
o
(5]
o

lowa River near Rowan

Old Mans Creek near lowa City
Flood Creek near Powersville
Wolf Creek near Dysart
Wapsipinicon River near DeWitt
lowa River at Marengo

Cedar River near Conesville (
lowa River at Wapello (

Skunk River at Augusta (

S.F. lowa R. near New Providence - AFO

Figure 12. Nitrate concentrations
generally were lower in large rivers than
in smaller streams. In contrast, total
phosphorus concentrations were greater
in large rivers than in streams. (Site
number in parentheses; see site map in
Study Unit Design section. AFO is
animal feeding operation.)
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Median nitrate concentrations
were highest in samples from Wolf
Creek, a stream draining an lowan
Surface basin that has more than
80-percent row-crop agriculture,
and in samples from the South Fork
Iowa River, a stream draining a
Des Moines Lobe basin that has
concentrated animal-feeding opera-
tions (AFO). The median nitrate
concentration in samples from
Wolf Creek (10.2 mg/L) exceeded
the 10-mg/L USEPA MCL. Algal
status and biomass in Wolf Creek
indicated degraded conditions
(from a national perspective), and
fish and invertebrate communities
were dominated by species tolerant
to nutrient and organic enrichment.
Wolf Creek flows into the upper
end of a reach of the Cedar River
that has been listed on the 1998
USEPA Section 303(d) list (Iowa
Department of Natural Resources,
2000) as an impaired water body.
Wolf Creek may provide substan-
tial amounts of nitrogen that con-
tribute to the degradation of the
Cedar River between Waterloo and
Cedar Rapids.

Landform features affect phos-
phorus concentrations. Phospho-
rus and suspended-sediment
concentrations were typically
larger in streams that drain the
Southern lowa Drift Plain and the
Des Moines Lobe than in other
streams. The Southern lowa Drift
Plain typically has steeper slopes
than the rest of the Study Unit and
contains loess deposits that are eas-
ily eroded (Schwarz and Alex-
ander, 1995). Many Des Moines
Lobe streams have been exten-
sively channelized; to a great
extent, the streambanks and flood
plains contain little riparian vegeta-
tion, resulting in a greater domi-
nance of phytoplankton than
benthic algae and relatively higher
rates of stream metabolism that can

influence dissolved-oxygen condi-
tions during base-flow conditions
(Porter, 2000).

Intensive row-crop agricul-
ture contributes to greater
nitrate concentration. The inten-
sity of row-crop agriculture is
partly responsible for the variabil-
ity of nitrate concentrations in
streams. Typically, streams in
basins that have a higher percent-
age of corn and soybeans and less
pasture, forest, and CRP (Conser-
vation Reserve Program) acres had
higher total nitrogen concentrations
(fig. 13). However, large rivers in
basins that had a slightly lower per-
centage of row crops and a slightly
larger proportion of urban areas
typically had higher total phospho-
rus concentrations. Large rivers
generally contained higher sus-
pended-sediment concentrations
than streams, and most large poten-
tial point-source phosphorus con-
tributors (large cites) are located on
the large rivers.

Increased availability results
in greater nutrient concentra-
tions during the spring and early
summer. Concentrations of nitro-
gen and phosphorus varied season-
ally in streams in eastern lowa
(fig. 14). Median total dissolved
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Figure 13. Streams draining basins that
have higher percentages of pasture,
grassland, and forests and less land
planted in row crops tended to have
lower nitrogen concentrations.
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Figure 14. Nitrate concentrations that
commonly increase to levels that
exceed the Maximum Contaminant
Level in June can decrease to levels
below detection in October. Total
phosphorus concentrations were
rarely below the recommended goal
for reduction of algal growth.

nitrogen concentrations were high-
est in June (11.5 mg/L) when
nitrogen is transported to streams
and rivers by spring and early sum-
mer runoff from rainfall. Nitrogen
probably originates from that
accumulated in the soil following
application of chemical fertilizers
and manure during the spring and
previous fall. Nitrate was the
predominant form of nitrogen
detected during this period. Total
dissolved nitrogen concentrations
in streams decreased through the
summer as nitrogen was removed
from the soil by plant uptake, run-
off, and leaching to shallow ground



ANIMAL FEEDING OPERATIONS CONTRIBUTE

ADDITIONAL NUTRIENTS TO

STREAMS

The median nitrate concentration in samples from the South Fork of

the Iowa River (9.5 mg/L) were sig-
nificantly higher than those in sam-
ples from the lowa River near Rowan
(median of 6.3 mg/L), though both
streams drain the same landform (Des
Moines Lobe) and have similar crop
patterns (greater then 80 percent row
crops). In addition to row-crop agri-
culture, the basin of the South Fork
Iowa River contains substantially
more permitted animal feeding opera-
tions (AFO) (29) than the [owa River
Basin upstream from Rowan (8). The
density of hogs (fig. 15) in the South
Fork basin is more than twice that in
the Iowa River Basin (Sorenson and
others, 1999). The manure generated
from AFOs is commonly applied on
fields in substitution for chemical fer-
tilizer. However, in areas where there
is dense concentration of AFOs, suffi-
cient land may not always be avail-
able to economically dispose of
animal wastes, and the potential for
overapplication exists. Excess
nutrients seep into the ground ad
water and are washed into nearby
streams. About 1.8 times more
nitrogen and about 2.5 times more
phosphorus were transported by
the South Fork Iowa River than by
the lowa River (fig. 15). The
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Figure 15. Large-scale hog production

ds to the nitrogen and phosphorus in

streams draining basins in the Des
Moines Lobe landform. [Hog density
data calculated from lowa Department

Natural Resources (1999) waste-
ntrol facility permits.]

higher nitrate concentrations and the greater nitrogen and phosphorus
yields from the South Fork lowa River compared to the [owa River near
Rowan may indicate that a reduction in chemical fertilizer application
equivalent to the increased manure application has not occurred in the

South Fork Basin.

water. Algal and plant growth in
the streams during low streamflow
in late summer and early fall can
result in increased uptake of dis-
solved nutrients (Porter, 2000). The
combination of reduced source
loading and instream processing

results in lowest nitrate concentra-
tions in October. Fall rains, in
combination with fertilizer and
manure applications, were associ-
ated with another rise in nitrogen
concentrations beginning in

November and peaking in January.

Although nitrate remained the pri-
mary form of nitrogen, ammonia
and organic nitrogen were more
prevalent during the winter.

Runoff from agricultural and
urban areas transports substantial
amounts of phosphorus to streams,
but the timing of peak phosphorus
concentrations does not always
correspond to peak nitrate concen-
trations. Phosphorus concentrations
peak during periods of high runoff
in early spring when substantial
amounts of soil are eroded into
the streams. The highest median
total phosphorus concentrations
occurred in February (0.33 mg/L)
and March (0.36 mg/L) with a sec-
ondary peak in June (0.29 mg/L)
(fig. 14). Maximum concentrations
corresponded with early seasonal
runoff from snowmelt or rainfall.
Early summer rains produced run-
off that accounted for a secondary
peak in total phosphorus concentra-
tions during June.

Transport of nutrients repre-
sent an economic loss and a
potential environmental threat.
The large amounts of nitrogen and
phosphorus that are transported
from the Study Unit by the Wapsi-
pinicon, Cedar, lowa, and Skunk
Rivers represent an economic loss
to farmers and an environmental
concern for downstream water.

Nitrogen and phosphorus trans-
ported to the Mississippi River
increased yearly from 1996
through 1998 (fig. 16). Increased
streamflow was a major factor in
the increased loads. The estimated
mass of nitrogen (load) increased
from about 106,000 tons in 1996 to
more than 257,000 tons in 1998,
and the estimated total phosphorus
load increased from 7,500 tons in
1996 to 9,700 tons in 1998.
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Figure 16. Increased streamflow from 1996 to 1998 resulted in larger
amounts of nitrogen and phosphorus transported from the Study Unit

to the Mississippi River.

Transport of nutrients from the
Eastern lowa Basins represents a
potential loss in crop yield or the
cost of additional fertilizer needed
to compensate for that flushed from
the fields. Nutrient loads trans-
ported from the Eastern lowa
Basins represent an average loss
of 17 Ib/acre/year of nitrogen and
1.2 Ib/acre/year of phosphorus in
1996 and 42 1b/acre/year of nitro-
gen and 1.6 Ib/acre/year of phos-
phorus in 1998.

Iowa, including the Eastern
Iowa Basins, has been identified as
a major source of nutrients
(Goolsby and others, 1999) that
contribute to eutrophication and
hypoxia in the Gulf of Mexico
(Rabalais, 1996). Alexander and
others (2000) estimated that more
than 90 percent of the nitrogen
reaching the Mississippi River
from the Eastern lowa Basins is
transported to the Gulf of Mexico.

Pesticides in Ground Water
and Streams

Pesticides (herbicides and insec-
ticides) are used extensively in
agricultural and urban settings in
the Eastern lowa Basins to control
unwanted vegetation and insects.
Triazine (atrazine and cyanazine)
and chloroacetanilide (alachlor and
metolachlor) herbicides were the
most extensively used pesticides
during 1996-98. However, in 1994,
acetochlor, a herbicide condition-
ally registered by the USEPA,
began to replace alachlor. In 1998,
acetochlor use exceeded all other
herbicides in Iowa (U.S. Depart-
ment of Agriculture, 1999). Other
classes of low-use herbicides (for
example, sufonylurea and imidozo-
linone herbicides) also had become
more popular. Genetically altered
corn and soybeans that are resistant
to glyphosate and genetically
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altered “Bt corn" that contains the
genes allowing corn to produce
compounds toxic to damaging
insects also were beginning to
change pesticide-use patterns.
Although urban pesticide-use data
were not available, herbicides com-
monly are used on lawns, golf
courses, and road rights-of-way for
weed control, and a wide range of
insecticides are used for insect con-
trol.

Transport of pesticides from the
site of application is dependent on
the persistence of the compound,
its solubility in water, and its ten-
dency to adsorb to soil particles.
Pesticide compounds break down
at various rates due to biological
and chemical processes. Pesticides
can be broken down in the soil by
bacteria and fungi and nonaffected
plants and in streams by microor-
ganisms, algae, and aquatic plants.
The older organochlorine pesti-
cides, most of which have been
banned (for example, DDT)
strongly attach to soil particles and
are transported to streams primarily
with sediment. In contrast, many
herbicides commonly used in the
1990°s (for example, atrazine) are
relatively soluble and are trans-
ported almost exclusively dis-
solved in water. Water is the
primary mechanism by which most
pesticides and their breakdown
products (degradates) are leached
to ground water. Water transports
pesticides and their degradates to
streams by overland flow, tile
drains, and ground-water inflow.



PESTICIDE CONCENTRATIONS RANK HIGHER IN

GROUND WATER THAN IN STREAMS AND RIVERS

Herbicide and insecticide concentrations in streams

do not rank among the highest 25th percentile nation-
ally (fig. 17) even though use in the Eastern lowa
Basins is high. Herbicide concentrations rank in the
middle 50 percent nationally and in the middle one-
third in the Corn Belt. Insecticide concentrations are
among the lowest in the Corn Belt and Nation. Reasons
for lower pesticide concentrations in the Eastern [owa
Basins compared to other parts of the Nation are not
entirely clear but may include these: (1) although pesti-
cide use is high in Eastern [owa Basins it may be higher
in other corn, cotton, and other crop-growing areas of
the Nation and (2) soils in Eastern lowa Basins may be
relatively conducive to leaching to ground water or
conditions are favorable for breakdown of the pesti-

cides.

In contrast, herbicide and insecticide concentrations
in the alluvial aquifers in Eastern lowa Basins are

Eastern Corn
lowa Belt

among the highest 25th percentile in the Corn Belt and

Nation (fig. 17). Water in these aquifers has infiltrated
within the last 20 years when the use of the analyzed
pesticides was the greatest. Because water from the
Silurian-Devonian and Upper Carbonate aquifers is

generally deeper and has infiltrated before pesticides

were commonly used, pesticide concentrations from
these aquifers generally were among the lowest in the

Nation.

Pesticides in Ground Water

Herbicides are prevalent in the
shallow alluvial aquifers. Herbi-
cides are prevalent in the shallow
alluvial aquifers but are not com-
mon in the deeper Silurian-Devo-
nian and Upper Carbonate bedrock
aquifers in the Eastern lowa
Basins. Atrazine and metolachlor
were the most frequently detected
herbicides in the alluvial aquifers
and the Silurian-Devonian and
Upper Carbonate aquifers. Atrazine
was detected in more than 50 per-
cent of the alluvial aquifer samples
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Figure 17. Although pesticides are heavily used, concen-
trations in the Eastern lowa Basins streams are not among
the highest in the Nation or the Corn Belt. The vulnerability of

the alluvial aquifers to contamination is seen in pesticide
concentrations in ground-water samples that are among the

highest in the Nation.

and in 18 percent of the Silurian-
Devonian and Upper Carbonate
aquifer samples. Metolachlor was
detected in 20 percent of the allu-
vial samples and in 12 percent of
the Silurian-Devonian and Upper
Carbonate samples. Acetochlor
was detected in slightly less than 2
percent of the alluvial aquifer sam-
ples but at concentrations less than
0.2 ug/L, which is the concentra-
tion of concern for conditional reg-
istration. Acetochlor was not
detected in samples from the Sil-
urian-Devonian and Upper Carbon-
ate aquifers.

Pesticide degradates commonly
constitute the majority of the pesti-
cide mass analyzed. Many of the
detected pesticides and pesticide
degradates have no established
drinking-water standard or aquatic-
life criteria, and the potential for
these compounds to affect humans
or aquatic organisms is unknown.
Alachlor ethanesulfonic acid
(ESA), atrazine, and metolachlor
ESA were detected in more than 30
percent of samples from shallow
alluvial (fig. 18) and deep bedrock
aquifers.
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Figure 18. The pesticide compounds present in streams and rivers and the alluvial
aquifers, which are hydraulically connected, were similar but were detected less
frequently in ground water. Agricultural herbicides and their degradates were most

frequently detected.

Agricultural and urban applica-
tions have resulted in sporadic low
levels of insecticide contamination
in the alluvial aquifers. Chlorpyri-
fos, an insecticide that was recently
reevaluated by the USEPA for
safety as part of the Food Quality
Protection Act (U.S. Environmen-
tal Protection Agency, 2000b), was
detected in about 7 percent of the
urban land-use samples and about
13 percent of the agricultural
land-use samples. The maximum

concentration in urban areas (0.005
ug/L) was about four times lower
than the maximum concentration in
agricultural areas (0.021 pg/L).
Malathion, an insecticide also cur-
rently (2000) under USEPA review,
was detected in one sample from an
urban land-use well.

Pesticides do not occur every-
where in the Study Unit, and when
they do occur, concentrations can
be highly variable. This variability
in occurrence and concentration of
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various pesticide compounds in
ground water is probably associ-
ated with several factors including
the presence of overlying protec-
tive layers and land-use practices.

Clay and shale materials
hinder movement of pesticides to
aquifers. Clay and shale materials
hinder movement of pesticides by
slowing the movement of water
containing pesticides to underlying
aquifers. In some instances, water
that has infiltrated the ground dur-
ing the last 40 years when many of
the studied compounds were used
has not yet reached the deeper parts
of the alluvial and bedrock aqui-
fers. The age of the ground water
was significantly younger and pes-
ticide concentrations were signifi-
cantly higher in samples from areas
where an overlying bedrock con-
fining unit was absent or where less
than 100 feet of unconsolidated
deposits overlies the Silurian-
Devonian and Upper Carbonate
aquifers. Water is most affected by
surficial contamination near the top
of alluvial aquifers where an over-
lying clay layer is thin or absent.
Triazine pesticides and degradate
concentrations were significantly
higher in samples from wells in
areas with a thin clay layer above
the screened interval than those
from wells in areas with thick over-
lying clay layers. Concentrations
decreased with increasing depth in
the alluvial aquifers. As with
nitrate, these two results indicate
that longer and slower flow paths
(deeper sample and thicker clay
layer) increase opportunities for
sorption, degradation, and disper-
sion of pesticides and may contrib-
ute to decreases in pesticide
concentrations with depth.



WHAT IS A PESTICIDE DEGRADATE?

Pesticides released into the environment break down into intermediate
compounds and, over time, into their constituent molecules (fig. 19). The
intermediate compounds are pesticide degradates that may be short-lived
or persist for years. The occurrence of atrazine degradates in ground water
and surface water is relatively well known, but the occurrence of alachlor,
acetochlor, and metolachlor degradates in lowa have only recently been

investigated (Kalkhoff
and others, 1998; Kolpin iazine
and others, 1997). Little al

is known about their NN
possible effects on )\OA
human health and N L
aquatic life (Heydens = e

and others, 2000; \
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N, N N
JOL JOL
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Iowa Basins to develop a
better understanding of
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occurs in the soil but
also can take place in
plants and in ground
water and streams.
Modification of a side
carbon chain (atrazine
degradation) or the
replacement of the halogen (chlorine) with a sulfonic acid or carboxilic
acid (acetochlor, alachlor, metolachlor degradation) is commonly the first
step in the breakdown of these herbicides. This first step represents a small
molecular change that may affect the toxicity, solubility, and persistence of
the resulting degradate.

Metolachlor OA

Figure 19. Small molecular changes (shown in red)
occur during the initial breakdown of atrazine and
metolachlor.

Pesticides are present in allu-
vial aquifers both in urban and
agricultural areas. Pesticides
were prevalent in the shallow allu-
vial aquifers both in agricultural
and urban areas (fig. 20). Pesticides
were detected in 84 percent of the
samples from agricultural areas and
in 70 percent of the samples from
urban areas. Atrazine and meto-
lachlor were the most frequently
detected pesticides in samples from
agricultural areas; atrazine and
prometon were the most frequently
detected pesticides in samples from
urban areas. None of the concentra-
tions exceeded USEPA MCLs, but
many pesticides do not have
MClLs.

Samples from alluvial aquifers
in agricultural areas contained an
average total pesticide concentra-
tion (1.3 ng/L) that was more
than seven times the concentration
in samples from urban wells
(0.17 ng/L). Although total pesti-
cide concentrations were higher in
samples from agricultural areas,
more compounds were detected in
samples from urban areas. Seven-
teen compounds were detected in
samples from urban areas com-
pared to 12 compounds detected in
samples from agricultural areas.
Herbicide degradates were detected
in 94 percent of samples from agri-
cultural areas and 53 percent of the
samples from urban areas. Alachlor
ESA, metolachlor ESA, and meto-
lachlor oxanilic acid (OA) were the
most frequently detected degra-
dates in samples from both agricul-
tural and urban areas; deethyl-
atrazine and deisoproplyatrazine
were detected frequently in agricul-
tural areas.
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Figure 20. Pesticides were frequently
detected in the alluvial aquifers in both
agricultural and urban areas. Although
the total concentrations of pesticides
were higher in agricultural areas than in
urban areas, more compounds were
detected in urban than in agricultural
areas.

Pesticides in Streams

The most commonly used her-
bicides were the most frequently
detected. Atrazine and meto-
lachlor, the two most commonly
used herbicides in lowa for row-
crop agriculture during 1996-98,
were detected in all stream samples
(fig. 18). Acetochlor, alachlor, and
cyanazine were detected in more
than 70 percent of the samples.
Most atrazine concentrations
(76 percent) exceeded 0.1 ng/L
with almost 60 percent of the sam-
ples in the 0.1 to 1.0 pug/L range
(fig. 21). About 10 percent of the
samples exceeded the atrazine
MCL level of 3.0 pug/L. Almost
half of the samples had metolachlor
concentrations in the range from
0.1to 1.0 ug/L (fig. 21). Other less
frequently detected pesticides were
carbofuran, 2,4-D, dicamba, EPTC,
metribuzin, and trifluralin; these
were applied in lowa at a rate of
only 0.6 to 30 percent of the
amount applied for atrazine (Sands
and Holden, 1996).

Acetochlor, a conditionally reg-
istered herbicide that is intended to
replace a number of other com-
monly used herbicides, was fre-
quently detected but most times (75
percent) at concentrations
less than 0.1 wg/L. Acetochlor con-
centrations did not exceed the
2.0-ug/L annual mean concentra-
tion registration requirement at any
site but did exceed this level in
about 3 percent of the individual
samples. The maximum concentra-
tion (10.6 png/L) measured during
the study exceeded the level that
would trigger requirements for
biweekly sampling for water-
supply systems (U.S. Environmen-
tal Protection Agency, 1994).

Few nonagricultural herbicide
compounds were detected. Many
pesticides are used both in agricul-
tural and urban settings, but only
three herbicides used almost exclu-
sively in non-row-crop agriculture
and urban settings (prometon,
tebuthiuron, and triclopyr) were
present in streams in eastern lowa
and southern Minnesota from 1996
through 1998 (fig. 18). Prometon, a

herbicide used for weed control
around buildings, fence rows, and
under asphalt, was present at very
low concentrations (less than

0.1 ug/L) in more than 80 percent
of the samples. Prometon is
extremely persistent (half-life of
hundreds to thousands of days),
which may explain the relatively
high detection rate relative to its
low use. Tebuthiuron, used on road
rights-of-way and industrial sites,
was detected in 7 percent of the
samples. Triclopyr, used on road
rights-of-way, industrial sites, and
turf grass, was detected in 1 per-
cent of the samples.

Insecticides were detected
mainly during the summer. A
number of insecticides that have
been identified as posing a high
risk to aquatic invertebrates were
detected in streams from May
through September, the months
when most application normally
occurs (fig. 22). Carbofuran was
the most frequently detected insec-
ticide (16 percent of all samples).
Although detected in less than
20 percent of all samples, carbofu-
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Figure 21. Atrazine and metolachlor were present in more than 50 percent of the
samples from rivers and streams at concentrations between 0.1 and 1.0 pg/L. In
contrast, acetochlor was present in 76 percent of the samples at concentrations

less than 0.1 pg/L.
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Figure 22. Insecticides were prevalent in streams only during the late spring and
summer. Carbofuran and chlorpyrifos were the most frequently detected

insecticides.

ran was detected in 68 percent of
the samples collected in June.
When present, carbofuran concen-
trations generally were less than
0.80 pg/L. Chlorpyrifos was
detected in about 7 percent of the
samples. As with the other insecti-
cides, chlorpyrifos was detected
most frequently in June (about 30
percent of the samples). The high-
est concentration was 0.06 ng/L.
Malathion was detected in only
three samples in spring and early
summer at concentrations that
ranged from 0.023 to 0.078 pg/L.
Insecticides were detected more
frequently in streams than in shal-
low ground water in the alluvial
aquifers. Lower use relative to the
herbicides, short half-life, and
application during periods of
reduced runoff may account for the
overall low detection rate and low
concentrations of insecticides in
rivers and streams.

Pesticide degradates consti-
tute the majority of the pesticide
compounds in streams. The pesti-
cide degradate compounds were
some of the most frequently
detected pesticide compounds in
streams (fig. 18) and on average
constituted the majority of the pes-
ticide mass in water samples. Ace-
tochlor ESA, alachlor ESA,

metolachlor ESA, and metolachlor
OA were detected in more than

75 percent of the samples. The deg-
radates were detected much more
frequently than their parent com-
pounds with the exception of atra-
zine and two of its degradates—
deethylatrazine and deisopropyl-
atrazine (fig. 18).

On average, approximately 83
percent of the total pesticide mass
(parent compounds and degradates)
can be accounted for by 10 com-
mon degradates of acetochlor,
alachlor, atrazine, cyanazine, and
metolachlor. Concentrations of
acetochlor ESA, alachlor ESA, and
metolachlor ESA commonly were
more than 10 times higher than
their parent compounds. Although
herbicide degradates frequently
occur in substantial concentrations
in streams, only limited research
has been conducted on the acute
and chronic human and environ-
mental effects of these compounds
(Heydens and others, 2000).

The occurrence of degradates
and the ratio of degradate to parent
compound were substantially
different for the triazine (atrazine
and cyanazine) than the chloroacet-
anilide (acetochlor, alachlor, and
metolachlor) compounds. Concen-
trations of the triazine degradates

tended to follow the pattern of the
parent compounds—highest con-
centrations during the early sum-
mer followed by decreasing
concentrations during the late sum-
mer and fall (fig. 23). However,
concentrations of the triazine
degradates were lower than their
parent compounds except in the fall
and winter when they were slightly
higher. In contrast, the ESA and
OA degradates of alachlor, ace-
tochlor, and metolachlor were
present in higher concentrations
than their parent compounds
throughout the year.

Occurrence of pesticides are
related to landform type. The tri-
azine herbicides—atrazine and
cyanazine—and their degradates
were present in significantly higher
concentrations in streams draining
soils dominated by windblown
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Figure 23. Pesticides and their
degradates are readily available for
transport to streams and rivers in late
spring and early summer after
application. A common metolachlor
degradate persists at higher
concentrations than a common atrazine
degradate throughout the year.
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Multiple Pesticide Compounds Occur More Frequently in
Streams Than in Ground Water
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compounds
were detected
in every sam-
ple, and five or
more com-
pounds were
detected in
more than 80 percent of the stream samples (fig. 24). As many as 16 pesti-
cide compounds were detected in a single stream sample. In contrast, 2 or
more compounds were detected in only 17 percent and 5 or more pesticides
in less than 2 percent of the ground-water samples.

Multiple degradates were much more frequently detected than multiple
parent compounds in ground water. Many pesticide compounds attach to
soil particles and are not readily leached to the ground water. However, the
pesticide degradates sampled are generally more water soluble and once
formed in the soil may move readily to the shallow ground water. Also,
several degradates may form from each pesticide, accounting for additional
degradate compounds.

The importance of multiple pesticide compounds for human and envi-
ronmental health is currently unclear. Most toxicity assessments are based
on results from a single contaminant.

NUMBER OF DETECTED COMPOUNDS

Figure 24. More than one pesticide compound was always
present and more than five compounds were detected in
about 80 percent of the stream samples. Multiple
degradates were more common than multiple parent
compounds in ground water.

loess (Southern lowa Drift Plains)
than in streams draining till soils
(Des Moines Lobe or the lowan
Surface). Because of differences in
soil properties, triazine pesticide-
use rates are apparently less in
areas dominated by till soils such
as the Des Moines Lobe and lowan
Surface landforms (Stoltenberg and
Pope, 1990). The high pH of the till
soils (increased calcium carbonate
content) results in more triazine

herbicides available for plants and
greater persistence. Less triazine
herbicides have been applied to till
soils (particularly in the Des
Moines Lobe) because the effects
of triazine herbicides can “carry
over” to soybeans planted after
corn. Results from a regional low-
flow synoptic study (Sorenson and
others, 1999) indicate that the per-
centage of blue-green algae in
stream periphyton communities
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increases with total (parent com-
pounds plus degradates) triazine
herbicide concentrations (Porter
and others, 2001).

Runoff from rains soon after
application washes large quanti-
ties of pesticides into streams.
Concentrations of pesticides and
their degradates were highest in the
late spring and early summer when
intense rains occurred soon after
application (fig. 23). Pesticides and
their degradates are transported
from the Eastern lowa Basins in
largest quantities during the late
spring and early summer. Pesticide
degradates make up the largest part
of the pesticide load transported to
the Mississippi River. Pesticide
data from the Iowa River at
Wapello, lowa, illustrate that the
monthly degradate load was higher
than the loads of the parent
compounds throughout the year
(fig. 25) but were particularly dom-
inant during the spring and early
summer and late fall and winter
periods. Typically, the loads for all
compounds were largest during the
spring and early summer (March
through June) when significant
runoff events transported pesticide
compounds to streams. In the fall

52
=3

Figure 25. The most frequently used
pesticides begin breaking down before
being transported from the Study Unit to
the Mississippi River. More than 80
percent of the yearly pesticide load in
the lowa River at Wapello is pesticide
degradates. Of the yearly load, about 57
percent was transported from the Study
Unit during May, June, and July.
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and winter months, however, the
pesticide degradates accounted for
nearly all of the pesticide loads
(fig. 25). Parent compounds
accounted for only 3 percent
(December) to 27 percent (May) of
the total pesticide compounds
transported from the Iowa River.
Much of the water and dissolved
pesticide compounds originated
from ground-water inflow during
the relatively dry late fall and win-
ter months. The presence of rela-
tively high concentrations of
alachlor and metolachlor degra-
dates in the fall and winter, several
months after pesticide application
when parent compounds have all
but disappeared, indicates that
these compounds are relatively
stable.

Other Organic Compounds

The gasoline additive MTBE
was the most commonly detected
volatile organic compound in
ground water. Shallow alluvial
ground water in urban areas is sus-
ceptible to contamination from
organic compounds resulting from
activities such as transportation,
manufacturing, and service indus-
tries. Volatile organic compounds
(VOCs) were detected in 40 per-
cent of alluvial samples from urban
areas and 10 percent of the samples
from agricultural areas. Methyl
tert-butyl ether was the most fre-
quently detected VOC and was
present in 23 percent of samples
from urban areas (fig. 26).
Although most detected concentra-

tions were low, MTBE concentra-
tions from two urban monitoring
wells were at levels of potential
concern for human health (USEPA
drinking-water advisory of 20 to
40 ug/L). MTBE was commonly
found with other gasoline com-
pounds (benzene, ethylbenzene,
toluene, and xylene), indicating
that contamination likely origi-
nated from leaking fuel storage
tanks and possibly from surface
spills. MTBE was not detected in
agricultural areas. Solvents were
detected in less than 15 percent of
the samples, and other VOCs were
detected in less than 10 percent of
the samples.

Water from deeper in the alluvial
aquifers and in the deeper Silurian-
Devonian and Upper Carbonate

MTBE DETECTION RATES ARE SIMILAR TO THE

AVERAGE DETECTION RATE IN THE NATION

Methyl fert-butyl ether (MTBE), a compound added to gasoline to
enhance the octane content or to ensure cleaner burning with reduced car-

bon monoxide emissions, was detected in the alluvial aquifers underlying % -

towns and cities in the Eastern lowa Basins at a rate similar to the average o i |
detection rate in the United States (Squillace and others, 1999). However, & 8o0f -
detection rates (fig. 26) were not as great as in shallow, vulnerable aqui- £ 5 i ]
fers in Denver, Colorado (Bruce and McMahon, 1996), and other areas E L |
where MTBE has been used extensively to reduce carbon monoxide emis- < 40 - 7
sions. MTBE also has been detected in areas where MTBE is used only to 5 - i ]
enhance the octane content (Zorgorski and others, 1997). Although etha- 5 L ,_\ |
nol is commonly added to gasoline in lowa, MTBE has also been added to E 0 Eactorn United D |
increase the octane level. Legislatively mandated sampling of soil and a ?Osvfar f StnaltZS Co(TQ;I;J'o L%VéaT

ground water from leaking underground storage tank (LUST) sites in Basins 1985-95 sites
Iowa verified that MTBE is prevalent in gasoline-contaminated areas
(Iowa Department of Natural Resources, 2000b). MTBE was present in
ground water at about 59 percent of the 523 LUST sites in 248 lowa
TS 21E @R, aquifers in urban areas reflects the

The effects of MTBE on human health are not fully understood, but common occurrence of MTBE at
MTBE has been linked to headaches, nausea, dizziness, and breathing dif- gasoline-contaminated sites in lowa.
ficulties (Melnick and others, 1997). Experimental studies indicate that

MTBE is carcinogenic in rats and mice (Melnick and others, 1997).

Figure 26. The presence of the
gasoline additive MTBE in alluvial
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BIOLOGICAL COMMUNITIES IN STREAMS CONSIST
OF ORGANISMS THAT ARE MODERATELY TO HIGHLY

TOLERANT OF ENVIRONMENTAL DEGRADATION

Biological communities (algae, fish, and invertebrates) in streams in the Eastern lowa Basins generally rank in the
middle 50th to highest 25th percentile most tolerant of environmental degradation nationally (fig. 27). Commonly,
biological communities in streams change in response to environmental changes (degradation). Degradation can result
from a variety of factors that modify habitat or other environmental features such as land use, water chemistry, stream-

flow, and others. The biological commu-
nity may change from few individuals of

many species to a community of many i Tnverte- )

individuals of a few tolerant species. 2Tt nl Stream or river Algal 1 are g
Algal status focuses on the changes in use setting (sce p. 26) SIS | g | StAtUS

the percentage of certain algae in o

response to increasing siltation and seems —came

to correlate relatively well with higher Reference site Wapsipinicon River near [ ] ]

nutrient concentrations in many regions. Tripoli

InVF) rtebrate status 18 th.e average of Des Moines Lobe | Iowa River near Rowan [ | [ | [ |

11 invertebrate (primarily insects,

worms, crayfish, and clams) metrics that Des Moines South Fork Iowa River ] [ [

summarize changes in richness, toler- Lobe with near New Providence

ance, trophic conditions, and dominance X’Egzmrated

associated with water-quality degrada-

tion. Fish status is the sum of scores of Southern Iowa Old Mans Creek near [ | [ | [ |

four fish metrics (percent tolerant, Drift Plain Towa City

omnivorous, non-native individuals, and Towan Karst Flood Creek near [ [ ]

percent individuals with external anoma- Powersville

lies) that change (increase) in association Towan Surface Wolf Creek near Dysart | | ]

with water-quality degradation. For all -

indicators, higher values indicate a more : Large Rivers

degraded stream site. Mixed Wapsipinicon River near [ | [ | [ |
Community differences occur among . DeWitt

streams in the Eastern lowa Basins, but Mixed lowa River at Marengo | n |

these differences are small in relation to Mixed Cedar River near Conesville| M [ [ ]

differences across the Nation. From a Mixed Towa River at Wapello n m m

national perspective, algal status was Mixed Skunk River at Augusta - - -

moderate to high in all Study Unit
streams and rivers and corresponds with
high concentrations of dissolved and total
nutrients. With one exception (Wapsipin-
icon River near DeWitt), invertebrate sta-
tus tended to rank in the middle to lowest
25th percentile, indicating a moderate
degree of degradation in relation to the
rest of the Nation. Because of nutrient
enrichment and subsequent abundance of
algae and organic material, an abundant

B Highest 25 percent nationally

B Middle 50 percent nationally

M Lowest 25 percent nationally

National network represents 140 sites in the NAWQA national basic fixed-site
network that have algal, invertebrate (primarily insects, worms, crayfish,
clams), and fish data

Figure 27. Status of biological communities—comparison of Eastern lowa

food supply is present to support a diverse Basins sites to selected national network sites.

invertebrate community. From a local and

regional perspective, invertebrate status indicated greater degradation in large rivers than small streams. However,
lower status in the Skunk River may be associated more with better habitat at that site than any quantitative differences
in water chemistry among other large rivers. Fish communities tended to be ranked highest (most degraded) to moder-
ate when compared nationally. Based on the presence of more species sensitive to environmental stress, the fish popu-
lation at Wapsipinicon River near DeWitt was minimally affected by environmental degradation in relation to other
sites nationally.
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bedrock aquifers used for rural
domestic supply rarely contained
detectable concentrations of VOCs,
even though gasoline is commonly
stored and solvents are at times
used in the vicinity of these wells.

Pesticides banned or restricted
in the 1970s and 1980s are still
present in fish tissue. Although no
longer in use, residue from organo-
chlorine insecticides (chlordane,
DDT, dieldrin, and heptachlor
epoxide) is still found in fish-tissue
samples collected from eastern
Iowa streams (Roberts, 1997) but
not at levels of concern for human
health. Concentrations were rela-
tively higher in agricultural than
urban streams, and fish from the
Wapsipinicon River Basin con-
tained lower concentrations of con-
taminants than fish from the Cedar
or lowa River Basins. Although
aldrin, an organochlorine pesti-
cide, has been banned since the
1970s, its degradate, dieldrin, was
present in five stream samples dur-
ing or immediately following
spring runoff. Dieldrin was present
in tissue samples collected from
carp at 15 of 16 sites in eastern
Iowa, and concentrations in fish
seem to be associated with agricul-
tural settings (Roberts, 1997). Con-
centrations that peaked in sediment
deposited in Coralville Reservoir
during the 1993 flood indicate that
dieldrin is still transported in rivers
during high flow (Kalkhoff and
Van Metre, 1997). In contrast to the
apparent agricultural source of
dieldrin, the occurrence and con-
centration of PCBs (polychlor-
inated biphenyls) in fish tissue
indicate an urban source for this
contaminant (Roberts, 1997).

Biological Communities and
Stream Habitat

The quality of water entering
from runoff and ground water
inflow is an important factor that
influences the community structure
of fish, invertebrates, and algae that
live in the rivers and streams of the
Eastern lowa Basins. Stream habi-
tat, the physical conditions in and
along streams and rivers, also
influences the occurrence and dis-
tribution of aquatic organisms.
Water-quality degradation and
habitat alteration resulting from
agricultural and urban activities
can adversely affect aquatic com-
munities.

In general, degradation results in
the replacement of native species
with those that are more tolerant of
nutrient and organic enrichment.
There also tends to be a reduction
in numbers of sensitive species,
increases in abundance and domi-
nance of tolerant species, and
decreases in the diversity and even-
ness of biological communities that
are typically considered an indica-
tor of environmental stress.

Biological metrics that contain
measures of the composition, abun-
dance, function, and tolerance of
species to environmental stress are
commonly used to evaluate aquatic
communities in relation to water
quality and habitat conditions.

Fish populations are related to
stream size and water-quality
conditions. During 199698,

67 fish species representing

15 families were collected in six
streams and six rivers in the East-
ern lowa Basins (Sullivan, 2000).
The species and trophic composi-
tion, as well as the abundance and
condition of fish communities, var-
ied between the smaller streams
and large river sites in the Eastern

lowa Basins. Measures of fish-
community status, tolerance, struc-
ture, and index of biotic integrity
(IB]) indicated that fish communi-
ties also differed among land uses
and landforms in the basin

(fig. 28). Habitat and water-quality
data indicate that differences in
species composition between rivers
and streams are probably due to
more than just stream size.
Although differences in stream size
and associated habitat differences
favor the occurrence of different
species, relatively higher concen-
trations of suspended sediment and
phosphorus in large rivers may
contribute to habitat degradation
and eutrophication that may
explain the relatively lower IBI
scores at large river sites (Sullivan,
2000).

The two highest IBl-rated river
sites were the Wapsipinicon River
near DeWitt and the Cedar River at
Gilbertville, an integrator site for

50
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INDEX OF BIOTIC INTEGRITY

Figure 28. Healthy fish populations
were present in one of the least affected
(reference) and one of the most affected
(animal feeding operations) streams in
the study area. Factors other than water
quality (stream habitat) also have an
important effect on fish populations.
(Site number in parentheses; see site
map in “Study Unit Design” Section.)
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the upper Cedar River watershed.
River sites with the lowest IBI
scores include the Skunk River at
Augusta and three sites in the lowa
River Basin: Iowa River at
Marengo, Old Mans Creek near
Iowa City, and the most down-
stream integrator site (Iowa River
at Wapello).

Agriculture and subsequent
organic enrichment of the streams
have likely reduced habitat, cover,
and water-quality requirements for
the maintenance of diverse fish
populations and communities.
However, the small number of fish
species in Flood Creek (fig. 27)
may be reflective of the karst
hydrology in the basin; extended
reaches of Flood Creek may be dry
during low-flow conditions or
periods of drought, limiting fish
communities to juvenile fish or
those with rapid recolonization
rates.

Macroinvertebrate communi-
ties in the Eastern Iowa Basins
reflect cumulative effects of both
land use and downstream succes-
sion—the natural sequence of com-
munities from headwater streams
to large rivers (Vannote and others,
1980). More than 250 benthic
invertebrate taxa were found in col-
lections from submerged woody
debris at 12 Basic Fixed Sites (see
Glossary). Aquatic insects, includ-
ing mayflies, net-spinning caddis-
flies, and midges, accounted for
more than one-half of the organ-
isms collected. The abundance of
highly tolerant midges (Chironomi-
dae) and worms (Oligochaeta), as
well as collector-filterers was

higher in large rivers, whereas the
abundance of less-tolerant may-
flies, stoneflies, and caddisflies
(EPT taxa; see Glossary) was rela-
tively larger in small tributary
streams (Brigham and Sadorf,
2001). However, most invertebrate
taxa in eastern lowa streams and
rivers are considered to be tolerant
of nutrient and organic enrichment
(Hilsenhoft, 1987). Stream veloc-
ity, rates of stream respiration, min-
imum dissolved oxygen, wooded-
riparian zones, and the composition
and abundance of periphyton were
the primary factors associated with
invertebrate community structure
(M.A. Harris, U.S. Geological Sur-
vey, written commun., 2000).

In general, invertebrate diversity
was lower in unshaded streams
with silt, sand, or gravel bottoms
(for example, lowa River near
Rowan and Old Mans Creek) than
in shaded streams with bedrock or
large rocks (for example, Flood
Creek and Wapsipinicon River near
Tripoli). Despite similarities in
agricultural land-use intensity in
the Midwestern Corn Belt, inverte-
brate communities reveal substan-
tial differences in the quality of
streams and rivers, corresponding
to physical (modifications of
stream channels and riparian
zones) and hydrologic (rainfall-
runoff and ground-water relations)
differences among basins (M.A.
Harris, U.S. Geological Survey,
written commun., 2000).

Algal communities are domi-
nated by nutrient- and sediment-
tolerant taxa. More than 330 algal
species were found in periphyton
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collections from submerged woody
debris. Algal communities were
dominated by taxa that are tolerant
to nutrients and other agricultural
contaminants such as herbicides
and sediment.

Relative differences are seen in
algal status (an indicator of nutrient
and sediment enrichment) and bio-
mass among sites from a regional
and local perspective. For example,
algal biomass (the amount of
attached algae) was relatively
higher in Old Mans Creek, Flood
Creek, and the Cedar River at Gil-
bertville than other sites. Within
the Eastern lowa Basins, algal sta-
tus was relatively better in the
Wapsipinicon River near Tripoli
(the reference site) and in the Cedar
River near Gilbertville and Cones-
ville.

During low-flow conditions in
August 1997, shaded streams that
drain permeable soils (for example,
the upper Cedar and Wapsipinicon
River Basins) were dominated by
periphyton taxa (diatoms, red
algae, and green algae) that are a
good food source for invertebrates
and fish. In contrast, channelized
streams and rivers with poor ripar-
ian shading, impermeable soils,
and slow velocity were dominated
by phytoplankton taxa (notably
blue-green algae) that are avoided
as food sources and contribute to
organic enrichment, higher rates of
stream respiration, and lower dis-
solved oxygen concentrations dur-
ing the night (Sorenson and others,
1999; Porter, 2000).



RIPARIAN BUFFER ZONES INFLUENCE THE QUALITY OF MIDWESTERN

STREAMS AND RIVERS

Despite similar land use throughout
the Corn Belt region of the Midwest,
streams flowing through cropland
differ considerably in their ecological
characteristics, in part because of
differences in riparian buffer zones
(see text box). This conclusion is
based on an investigation of
70 streams and rivers within three
NAWQA Study Units in the upper
Midwest during August 1997 (fig. 29;
Sorenson and others, 1999; Porter and
others, 2001). Specifically, increases
in tree cover in buffer zones were
associated with aquatic biological
communities indicative of good
stream quality, reduced nuisance algal
growths, and maintenance of suffi-
cient dissolved oxygen concentrations
to support diverse communities of
aquatic organisms. For example, the
number of aquatic insects indicative
of good stream quality tended to
increase with increases in percentage
of tree cover, especially in sites where
streamflow and dissolved oxygen con-
ditions were favorable. Fish communi-
ties, sampled at 24 sites in the UMIS
Study Unit, also indicated better over-
all conditions in streams with wooded
riparian zones than those with more
open canopy (Stauffer and others,
2000).

Minnesota

. . lllinois

Figure 29. The influence of riparian buffer
zones on the quality of 70 Midwestern streams
and rivers was evaluated in the Upper Missis-
sippi River (UMIS), Eastern lowa (EIWA), and
Lower lllinois River Basins (LIRB).

Streams with less tree cover, and
thus less shading, contained relatively
large growths of phytoplankton (algae
suspended in the water) at levels con-
sidered indicative of eutrophication
(Porter, 2000). Organic enrichment

Digital images derived from USGS topographic maps were used to estimate the
percentage of trees in a riparian buffer zone (a 100-meter width on each side of the
stream) for 2- to 3-mile segments upstream from each sampling site, supplemented by
vegetation surveys at the sampling site (Sorenson and others, 1999).

resulting from excessive algal produc-
tion in some Midwestern streams may
reduce dissolved oxygen concentra-
tions and be detrimental to other
requirements of aquatic organisms.

Shading from tree cover in riparian
buffer zones may influence nutrient
concentrations indirectly by reducing
the growth of phytoplankton. In
streams where phytoplankton were
abundant (often where buffer zones
were thin or lacking), dissolved nitrate
concentrations were significantly
lower (fig. 30; Porter, 2000). The
lower nutrient concentrations may
result from uptake by the abundant
phytoplankton. Thus, assessments of
eutrophication would benefit from
consideration of biological communi-
ties and the riparian zone, rather than
being based solely on nutrient concen-
trations in the water.
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Figure 30. Dissolved nutrient concentra-
tions decreased in eutrophic streams with
excessive algal productivity. Rates of nutri-
ent uptake by the algae can exceed rates
at which nutrients are transported by
streams during low-flow conditions.

Resource agencies, including the U.S.
Department of Agriculture, encourage
maintenance of strips of trees or grass be-
tween cropland and streams as a best man-
agement practice. These “riparian buffer
zones” are thought to intercept runoff of
sediment and chemicals from fields, pro-
mote bank stability, and provide shading
and habitat for aquatic life (Osborne and
Kovacic, 1993). Riparian buffer zones
should be considered along with other im-
portant factors that affect chemical and bio-
logical indicators of stream quality, such as
soil drainage properties and stream
hydrology (Porter and others, 2001).
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