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CONVERSION FACTORS

For readers who prefer to use metric (International System) units,
conversion factors for inch-pound units used in this report are listed below:

Multiply inch-pound unit By To obtain metric unit
inch (in.) 25.4 millimeter (mm)

feet (ft) 0.3048 meter

mile (mi) 1.609 kilometer

acre 4.047 square meter

square mile (mi?2) 2.590 square kilometer

cubic foot per second (ft3/s) 0.02832 cubic meter per second

cubic foot per second per square
mile [(ft3/s)/mi?2]

million gallons per year (Mgal/yr) 0.0001200 cubic meter per second
pound (lb) 0.4536 kilogram
ton, short 0.9072 megagram

vi



SURFACE-WATER QUALITY OF THE CEDAR RIVER BASIN, IOWA-MINNESOTA,
WITH EMPHASIS ON THE OCCURRENCE AND TRANSPORT OF HERBICIDES,
MAY 1984 THROUGH NOVEMBER 1985

By
Paul J. Squillace and Richard A. Engberg
ABSTRACT

The surface-water quality in the Cedar River basin was evaluated by
analyzing the occurrence, distribution, and transport of common inorganic
constituents and selected trace inorganic and organic constituents, with
emphasis on herbicides. The surface-water quality of the Cedar River basin
was monitored from May 1984 through November 1985. Depth integrated
surface-water samples generally were collected monthly at six stations for a
considerable range of river discharge. Samples were analyzed for concentrations
of common inorganic constituents in the dissolved phase and for concentrations
of primary nutrients, trace elements, organic carbon, and herbicides in the
dissolved and the dissolved plus suspended phases.

Water in the Cedar River was determined to be a calcium bicarbonate type;
suspended-sediment concentrations ranged from 3 to 676 milligrams per liter.
Concentrations of dissolved fluoride, dissolved nitrite plus nitrate, dissolved
arsenic, dissolved lead, and dissolved mercury were less than those of the U.S.
Environmental Protection Agency's drinking-water standards for public water
supplies.

Generally, herbicides were detected only in the dissolved phase, which
indicates that herbicides are not being adsorbed on the suspended sediment.
However, the lack of detection of adsorbed herbicides also may indicate a need
for re-examination of traditionally acceptable methods of treating water samples
at the sampling site, separating sediment and water, and extracting organic
compounds from sediment. The largest concentrations of several dissolved
herbicides were detected after application on agricultural areas in the spring
and early summer in both wet and dry periods. However, dissolved atrazine
concentrations also increased in the winter during periods of high streamflow
resulting from snow melt. The maximum concentration of dissolved herbicides
detected at all sampling sites during the study were: alachlor, 21 micrograms
per liter; atrazine, 16 micrograms per liter; cyanazine, 8.7 micrograms per
liter; metolachlor, 11.0 micrograms per liter; and metribuzin, 3.0 micrograms
per liter.

Herbicides can be transported from agricultural areas to the river by
overland flow, drainage from agricultural areas conveyed by tile drains, and
ground water. Hydrograph separation for 10 locations in the Cedar River basin
indicates that the ground-water contribution varies within the basin and
probably ranges from 56 to 80 percent of the annual river discharge. The
predominance of ground-water contribution, the persistent detection of dissolved
atrazine even during base flow, and the variety of dissolved herbicides detected
in the river during the dry spring of 1985 indicate that some herbicides are
being transported to the river by ground water. Atrazine transported to the
Cedar River was estimated to be about 1.4 to 4.0 percent of that applied,
depending on the assumed application rate. The large river discharge in June
1984, which was predominantly overland flow, contained about 70 percent of the
atrazine transported to the river during 1984,



INTRODUCTION

The water quality of rivers is dynamic and is affected by natural factors,
such as topography and geology. Furthermore, human activity factors, such as
land use, water use, and population distribution within river basins, also can
affect the water quality. The Cedar River basin, an area of 7,819 mi2? in
northeastern Iowa and southern Minnesota, generally typifies most river basins
in JIowa. Land use in the basin is principally agricultural, but the basin
contains several metropolitan areas, including two cities with more than 100,000
persons. These metropolitan areas are sources of municipal and industrial
wastewater that enters the river. Likewise, agricultural chemicals, such as
herbicides and fertilizers, can be transported from agricultural areas to the
Cedar River, These chemicals can be transported by overland flow (water
moving over the surface of the land), discharge from agricultural areas conveyed
by tile drains, and ground water. Some of the chemical constituents may be
transported in the dissolved phase or in the suspended phase (particulate or
adsorbed on suspended sediment). The origin of this suspended sediment may be
stream beds, stream banks, or the land surface.

Because of the increased concern of Iowans about trace constituents in
rivers, the U.S. Geological Survey, in cooperation with the University of Iowa
Hygienic Laboratory, began a study of the surface-water quality in the Cedar
River basin in 1984. This study included analyses of surface-water samples for
principal inorganic constituents in the dissolved phase as well as for selected
nutrients, trace elements, and organic compounds, primarily herbicides, in the
dissolved and the dissolved plus suspended phases.

Purpose and Scope

This report describes the results of a study to evaluate the water quality
in the Cedar River by analyzing the occurrence, distribution, and transportation
of selected trace inorganic and organic constituents, with an emphasis on
herbicides. Transportation of these constituents partially was evaluated by
comparing quantities of these constituents transported in solution to those
transported in the suspended phase. Samples were collected at selected sites in
the Cedar River basin during a 19-month period over a considerable range of
river discharges.

Description of Study Area

The bedrock underlying the Cedar River basin consists of dolomite,
limestone, and lesser quantities of shale, which generally are covered by a
layer of glacial drift (fig. 1). Bedrock predominately consist of Devonian
limestone and dolomite; however, small quantities of Silurian dolomitic rock
also are present. Nearly all of the basin is covered by glacial drift. Some
headwater reaches of the primary tributaries are in the Wisconsin Cary drift,
also known as the Des Moines Lobe. The glacial drift ranges in thickness from 0
to 400 ft; the glacial drift is thickest in buried valleys (D.R. Soller, U.S.
Geological Survey, written commun., 1986). Glacial drift is less than 50 ft
thick in most of the basin north of Waterloo (D.R. Soller, written commun.,
1986) .
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PRECIPITATION

Normal annual precipitation in the basin ranges from 30 to 33 in., but can
vary considerably (Waite, 1969, p. 4). The southern part of the Cedar River
basin normally receives the greatest annual precipitation.

SURFACE-WATER HYDROLOGY

The Cedar River is the largest tributary to the Iowa River. The average
discharge of the Cedar River near the junction with the Iowa River is about
4,800 ft2/s and actually exceeds the average discharge of the Iowa River, 2,900
ft3/s, near the junction (Miller and others, 1984, p. 63 and p. 76). The total
drainage area for the Cedar River 1is 7,819 mi2? and extends into southern
Minnesota (fig. 2). The primary tributaries of the Cedar River are in the
northwestern one-half of the basin. Downstream from Cedar Falls, only five
tributaries have drainage areas that exceed 200 mi? and none exceed 400 mi?
(Schwob, 1963, p. 2).

The quantity of runoff that is produced from a single storm varies
substantially with topography in the Cedar River basin. Upstream from
Northwood, in the flat area within the Cary drift, runoff can be as much as 30
(ft3/s)/mi2. In the rest of the Cedar River basin, runoff can be as much as 129
(ft3/s) /mi? (Lara, 1987). Flood runoff predominantly consists of overland flow
and, to a lesser extent, drainage from agricultural areas conveyed by tile
drains and ground water.

An estimate of ground-water contribution to river discharge was calculated
for various locations in the Cedar River basin and was determined to range from
56 to 80 percent of the total annual river discharge (fig. 3). A modified
version of the computer program by Pettyjohn and Henning (1979) was used to
calculate ground-water contribution. This program analyzed river hydrographs
for the 1985 water year (October 1, 1984, to September 30, 1985) using three
methods of hydrograph separation: local minimum, fixed interval, and sliding
interval. The results of the hydrograph separation for 10 locations within the
basin are reported as an estimated range of ground-water contribution. Results
indicate that ground-water contribution can vary substantially within the Cedar
River basin. Some of this variation may be because of the method of hydrograph
separation, poorly developed surface drainage systems, or can represent actual
differences in the quantity of ground-water contribution.

The ground-water contribution to the river discharge may vary because of
overburden, geology, topography, or the presence of buried valleys and tile
drains. For instance, the quantity of overland flow in the basin upstream from
Northwood is less than 20 percent while ground-water contribution may be as much
as 80 percent of the stream discharge (fig. 3). The separation of overland flow
from ground-water flow at Northwood is more complicated because of the poorly
developed surface-drainage system that has resulted in numerous lakes and
swamps. Furthermore, in this same area, discharge from tile drains may provide
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a large quantity of the ground-water contribution. The separation of tile-drain
discharge flow from overland flow and ground-water discharge is difficult and
can affect the calculations. Drainage tile is installed at a depth of 3 to 5
ft to decrease the water table in the soil horizon. The drainage tile
intercepts some recharge to the deeper aquifers. During a summer when
precipitation is greater than average, discharge from tile drains can continue
during the entire summer.
LAND AND WATER USE

Land use in the basin consists of 81 percent crop land, 7 percent pasture,
and 12 percent forest and urban (U.S. Department of Agriculture, 1976, p. 18).
Corn and soybeans are the principal grain crops and are grown on more than 60
percent of the cropland (U.S. Department of Agriculture, 1976, p. 16).

U.S. Geological Survey records of estimated and reported water use for 1985
indicate municipal suppliers of water for domestic and industrial uses provide
about 22,000 Mgal/yr, almost all of which is from ground water (fig. 4). The
principal water users in the Cedar River basin and the quantity contributed by
ground water and surface water also are shown in figure 4. Estimated
nonirrigation agricultural water use is 10,000 Mgal/yr, about 75 percent from
ground water. Self- and public-supplied water for industrial and domestic uses
is about 6,400 Mgal/yr, which is about 40 percent surface water and 60 percent
ground water. Domestic use, self- and public-supplied, is about 3,500 Mgal/yr,
which is almost entirely ground water.

DATA COLLECTION

Water samples were collected at six sites in the Cedar River basin (fig. 2)
from May 1984 through November 1985, Sampling sites were located upstream and
downstream from the metropolitan areas of Charles City and Waterloo to document
water-quality changes because of industry or other urban-related effects.
Sampling sites at Floyd and Carville are upstream and downstream from Charles
City. The upstream sampling site is at the bridge on U.S. Highway 218 in the
city of Floyd; the downstream sampling site is at the bridge on County Road B-59
about 1 mi west of Carville. Sampling sites at Cedar Falls and Gilbertville are
upstream and downstream from Waterloo. The upstream sampling site is at the
bridge on U.S. Highway 20 in Cedar Falls; the downstream sampling site is at the
bridge on County Highway D-38 in Gilbertville. Downstream from Cedar Rapids,
the fifth site is located 1.5 mi south of Bertram at the bridge on U.S. Highway
30. The sixth site is located on the Shell Rock River about 2 mi south of
Northwood at the bridge on County Highway A 27 at the U.S. Geological Survey
gaging station. Samples were collected approximately monthly at each site. For
a normal sampling period, all sites were visited in 3 days from upstream to
downstream. During the last 2 months of the study, samples were not collected
at the sites in Floyd and Cedar Falls.

Depth integrated water samples were collected over a considerable range of
streamflow conditions. Because discharge can greatly affect water quality, an
effort was made to sample the rivers from base flow to flood conditions. The
flow-duration curve for the Cedar River at Cedar Rapids for discharge from water
years 1943 through 1980 is shown in figure 5. The instantaneous discharge at
the Bertram sampling site during the study also is shown. Samples for organic
analysis were depth integrated from only the deepest point in the river channel,
whereas the remaining water-quality samples were a composite of depth integrated
samples collected at 15 to 20 equal distant stations across the river.
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Discharge at each sampling site was estimated from recorded discharge at
four U.S. Geological Survey gaging stations near Northwood, Charles City,
Waterloo, and Cedar Rapids (fig. 2). The difference in the size of the drainage
basin from each gaging station to the nearby sampling site is about 5 percent.
Based on this difference, the discharge at the sampling site was estimated to be
either 5 percent greater or 1less than the discharge at the nearby gaging
station. That is, if the sampling site is upstream from the gaging station, the
stream discharge at the sampling site was estimated to be 5 percent less than at
the gaging station; if the sampling site is downstream from the gaging station,
the discharge at the sampling site is estimated to be 5 percent more than that
at the gaging station.

Determinations of specific conductance, pH, temperature, and dissolved
oxygen were made onsite in accordance with standard U.S. Geological Survey
procedures (Skougstad and others, 1979). The separation of the sediment from
the water sample was done by the University of Iowa Hygienic Laboratory by
centrifugation. For herbicide determination, two sets of samples were
collected. Analysis of a centrifuged water sample provided concentrations of
dissolved herbicides, whereas analysis of a non-centrifuged sample provided
concentrations of total-recoverable herbicides.

The U.S. Geological Survey's water-quality laboratory in Denver, Colorado,
determined concentrations of suspended organic carbon, whereas the University of
Iowa Hygienic Laboratory determined concentrations of the remaining
constituents. The University of Iowa Hygienic Laboratory used methods described
by the U.S. Environmental Protection Agency (1983) for the analyses of the
inorganic and organic constituents. The extraction of herbicides from the
samples was done using a solvent that consisted of 45 percent methylene chloride
and 55 percent hexane. For analysis of herbicides, each sample was processed
using two gas-chromatograph columns. The second column confirmed the presence
of the herbicide; the average of the two concentrations was reported.

WATER QUALITY

Suspended Sediment

There 1is a significant <correlation between stream discharge and
suspended-sediment concentration (r = 0.77 to 92) when each sampling site is
analyzed separately. There can be substantial changes in the suspended-sediment
concentrations and loads (concentration multiplied by river discharge and
converted to tons per day) in the Cedar River even during a normal 3-day
sampling period. The suspended-sediment loads at the sites in Floyd, in Cedar
Falls, and near Bertram from May 1984 through September 1985 are shown in figure
6. Generally, a substantial increase in suspended-sediment load between Cedar
Falls and Bertram is not apparent. The lack of large tributaries between these
two sampling sites apparently has resulted in only a small increase 1in
suspended-sediment load, except when the river discharge is changing rapidly.
The variable nature of the river discharge was demonstrated in December 1984
when suspended-sediment load near Bertram markedly deviated from the load in
Cedar Falls. A warming trend during the 3-day sampling period caused snowmelt
that substantially increased runoff and subsequently increased the streamflow
and suspended-sediment load.

10
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Results of particle-size analyis of the suspended sediment are listed in
table 1 (at the back of the report). Generally, more than 90 percent of the
suspended sediment is finer than 0.062 mm, which is the division between silt
and sand established by the U.S. Geological Survey (Guy, 1973, p. 7). The
predominance of small particles provides a larger surface area to adsorb
trace-element ions or herbicides.

Inorganic Constituents

Occurrence and Distribution

Dissolved-solids concentrations normally were less than the secondary
standard of 500 mg/L (milligrams per liter) for public water supplies
established by the U.S. Environmental Protection Agency (1985b). The median
concentration at each site generally was about 300 mg/L (fig. 7). At the
sampling site near Northwood on the Shell Rock River, a maximum concentration of
563 mg/L was detected. At this sampling site, dissolved-solid concentrations
are largest during base-flow conditions; however, this is not always the case
for the sampling sites along the Cedar River.

Water in the Cedar River 1is a calcium bicarbonate type. Physical
properties and chemical concentrations of the samples are included in tables 1
and 2 (at the back of the report). The average chemical composition of samples
collected near Bertram from May 1984 through April 1985 is shown in figure 8.
Statistical summaries of selected inorganic constituents at the sampling sites
are shown in figures 7, 9, 10, and 11.

The statistical summaries (figs. 7, 9, 10, and 11) indicate the 25th-,
50th- (median), and 75th-percentile concentrations as well as the maximum and
minimum concentrations of various constituents. The maximum and minimum
concentrations define the detected range of occurrence of the constituents. The
maximum and minimum constituent concentrations may represent extraordinary
events or occasionally may indicate random errors in the data base. Although it
is extremely useful to understand the significance of maximum and minimum
concentrations for specific purposes of users, they are less significant for
general knowledge of the range of the stream quality. When extreme
concentrations are substantially greater than the 75th-percentile
concentration, the 50th-percentile concentration may provide more useful
information about typical constituent concentrations than does the mean
concentration; the mean concentration may be affected by the extreme
concentrations, whereas the 50th-percentile concentration is not.

The median dissolved-oxygen concentration of all samples is about 8.0 mg/L
(fig. 7) and the median oxygen saturation is more than 90 percent. At all
sites, the minimum dissolved-oxygen concentration exceeded 5 mg/L, which is the
minimum required to maintain an abundant fish population (U.S. Environmental
Protection Agency, 1976, p. 123). The dissolved-oxygen concentration may be
decreased by processes that consume organic matter. The dissolved-oxygen
concentrations at the downstream sites are not less than those at the upstream
sites (fig. 7). This would indicate that the Cedar River and Shell Rock River
are assimilating organic or other oxidizable material without significant
degradation of stream quality.

12
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May 1984 through September 1985.
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CONCENTRATION, IN MILLIGRAMS PER LITER
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CONCENTRATION, IN MILLIGRAMS PER LITER
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(as phosphorus), May 1984 through September 1986
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CONCENTRATION, IN MILLIGRAMS PER LITER
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Statistical analysis of alkalinity in the Cedar River basin is expressed in
milligrams per liter as calcium carbonate (fig. 7). The value of bicarbonate
(fig. 8) is calculated from the alkalinity of the samples. Alkalinity in almost
all natural waters is produced by the dissolved carbon-dioxide species,
bicarbonate, and carbonate (Hem, 1985, p. 106). With the median pH of about 8.0
detected in the Cedar River basin, the most active species is bicarbonate.

The U.S. Environmental Protection Agency's (1986a) primary drinking water
standards were not exceeded by any analyzed constituent. Maximum contamination
limits for the analyzed constituents are as follows: dissolved fluoride, 2.4
mg/L, based on the mean annual temperature of Iowa; dissolved nitrite plus
nitrate as nitrogen, 10 mg/L; dissolved arsenic, 50 ug/L (micrograms per liter);
dissolved 1lead, 50 ug/L; and dissolved mercury, 2 ug/L (U.S. Environmental
Protection Agency, 1986a, p. 523-527).

Nitrite plus nitrate was the most common form of nitrogen detected (fig.
11). The largest concentration of dissolved nitrite plus nitrate was 9.1 mg/L
as nitrogen near Bertram during the peak discharge of June 1984. In the aerated
water of the Cedar River basin, the nitrite ions would be oxidized to nitrate.
Dissolved ammonia and dissolved organic nitrogen occurred in lesser
concentrations than did dissolved nitrite plus nitrate (fig. 11). At the site
near Northwood, the median concentration of dissolved organic nitrogen was 2.5
mg/L as nitrogen, which was greater than median concentrations detected at the
other sampling sites.

Dissolved arsenic commonly was not detected, except at the site near
Carville, where concentrations ranged from 1less than 10 to 30 ug/L.
Concentrations of dissolved lead almost always were less than the detection
limit of 10 ug/L. During the large spring discharge of June 1984, the
total-recoverable concentration of lead was a maximum of 30 ug/L near Bertram.
The maximum concentration of dissolved mercury was 0.6 ug/L, but mercury usually
was less than the detection limit of 0.1 ug/L.

At times, the sewage effluent from Albert Lea and Northwood may have
resulted in larger concentrations of dissolved orthophosphate at the sampling
site near Northwood than at other sites in the basin (fig. 10).
Dissolved-orthophosphate concentrations in sewage effluent from Albert Lea and
Northwood were 9.1 and 3.5 mg/L on June 12, 1985 (Goeman, 1985, p. 20). These
data also indicate that downstream dilution of dissolved orthophosphate does
occur, but concentrations remained larger than 1 mg/L as phosphorus from Albert
Lea to the sampling site near Northwood. The use of phosphate fertilizers in
the basin is a possible source for the phosphorus but may be a minor source
because phosphate is not mobile in soil or sediment (Hem, 1985, p. 126).

Maximum concentrations of dissolved iron (540 ug/L) and manganese (170
ug/L) exceeded the recommended secondary standards set by the U.S. Environmental
Protection Agency (1986b) for public water supplies at the sampling site near
Bertram on September 21, 1984. The secondary maximum contamination levels for
the analyzed constituents are: dissolved iron, 300 ug/L; dissolved manganese,
50 ug/L; dissolved sulfate, 250 mg/L; and dissolved chloride, 250 mg/L (U.S.
Environmental Protection Agency, 1986b, p. 584). Several times during the
study, concentrations of dissolved iron and dissolved manganese were less than
the detection limit of 10 ug/L. The largest concentrations of dissolved sulfate
and dissolved chloride (fig. 10) were 78 and 100 mg/L.
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Modes of Transport

Chemical constituents can be transported in the dissolved phase or the
suspended phase (particulate or adsorbed to the suspended sediment). The
constituents detected within the centrifuged sample represent those constituents
transported in the dissolved phase. Concentrations of constituents in the
non-centrifuged sample minus concentrations of the same constituents in the
centrifuged sample represent the concentrations of constituents transported in
the suspended phase. The analysis of the non-centrifuged sample does not
distinguish concentrations of constituents present in the dissolved phase,
as particulates, or adsorbed to the suspended sediment.

All major inorganic constituents were detected in the dissolved phase.
Trace elements were detected in the dissolved and suspended phases. Nitrite
plus nitrate as nitrogen, ammonia as nitrogen, and orthophosphate as phosphorus
predominantly occurred in the dissolved phase, when they were detected.

Iron and manganese were detected primarily in the suspended phase, whereas
copper, lead, and =zinc were detected only in the suspended phase in small
concentrations, where they were detected. Periods of large discharge, such as
in February 1985, provided suspended sediment for sorption and the transportion
of iron and manganese. During these periods, concentrations of total-
recoverable iron and manganese were much greater than the concentrations of the
dissolved ions. The correlation coefficient of suspended sediment with
total-recoverable iron is 0.78, whereas the correlation coefficient of suspended
sediment with total-recoverable manganese is 0.51. The smaller correlation
coefficient for manganese is caused by the occurrence of large concentrations of
particulate manganese during base flow when suspended-sediment concentrations
are small. For example, the sample collected at the site near Carville on
August 20, 1985, contained 250 ug/L of total-recoverable manganese, but only 10
Ug/L of dissolved manganese. The suspended-sediment concentration for this
sample was only 27 mg/L.

During base flow, the river discharge is derived from ground water and
possibly from drainage from agricultural areas conveyed in tile drains. The
dissolved-solids concentrations during base flow mainly are derived from
ground-water dissolution of the minerals in rocks near the land surface. The
largest concentrations of dissolved solids (as much as 563 mg/L) were detected
at the site near Northwood during base flow (fig. 7). Only at this site did
concentrations of dissolved solids increase during base flow. The layer of
dissolved-solids concentrations at this sampling site may be caused by sewage
effluent or variations in the composition and texture of glacial till and
bedrock. The correlation coefficient of discharge with dissolved-solids
concentrations is -0.6 for the site near Northwood and it is -0.41 when all the
sampling sites are analyzed together.

Organic Constituents

Organic Carbon

Statistical summaries of dissolved, suspended, and total organic carbon are
shown in figure 12. Greater 50th-percentile concentrations of organic carbon
were detected at the site near Northwood than at the other sites. It 1is
important to note that analysis for the suspended organic carbon was not done

19



CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 12.——Statistical summary of dissolved organic carbon, May 1984 through September 1985,
suspended organic carbon, August 1984 through September 1985, and total-recoverable organic
carbon, May 1984 through September 1985.
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for all sampling periods; therefore, the statistical summary for the suspended
organic carbon is based on a smaller number of samples compared to that for
dissolved and total-recoverable organic carbon. In particular, data for
suspended organic carbon are missing for the period of high river discharge.
For this missing period, concentrations of suspended organic carbon can be
estimated by subtracting concentrations of dissolved organic carbon from
concentrations of total-recoverable organic carbon using the data in table 1.

Within the study area, organic carbon is transported in the dissolved
phase, except during periods of high streamflow when large concentrations of
suspended organic carbon were present at all sites. At Gilbertville, on June
10, 1984, during the large stream discharge of 13,400 ft3/s, the concentration
of total-recoverable organic carbon was 38 mg/L while the concentration of
dissolved organic carbon was about 6 mg/L. This indicates that about 84 percent
of the organic carbon was in the suspended phase. Herbicides constitute only a
small part of the dissolved organic carbon, but are of increasing concern in the
study of water quality.

Some of the suspended organic carbon may be in particulate form or may be
adsorbed on the suspended sediment. The source of the suspended sediment is
mainly the glacial till and loess in the area. The glacial till in the study
area is similar to that in southeast Iowa where the till was determined to
contain 44 to 59 percent expandable clay (Hallberg, 1980, p. 11). These clays
are generally noted for their capacity to adsorb organic molecules when compared
to nonexpanding clay minerals (Guenzi, 1974, p. 7). During and after periods of
extremely large river discharge, larger concentrations of organic carbon were
transported in the suspended phase. The greater discharge provides greater
concentrations of suspended sediment and organic carbon.

Herbicides

Occurrence and distribution

Generally herbicides were detected only in the dissolved phase. Their
occurrence 1in the Cedar River basin primarily is related to period of
application, river discharge, basin size, and herbicide solubility. The
herbicide concentrations detected for all samples from all sites are listed in
table 2. Analysis of the data indicates that dissolved and total-recoverable
concentrations normally were within 20 percent of each other. This indicates
that herbicides were primarily transported in the dissolved phase. The maximum
concentrations of the dissolved herbicides for all sampling sites during the
study were alachlor 23.0 ug/L, atrazine 16 ug/L, cyanazine 8.7 ug/L, metolachlor
11.0 wug/L, and metribuzin 3.0 ug/L. Trifluralin was not detected in
concentrations larger than the detection limits of 0.05 ug/L (dissolved) and 0.1
Hg/L (total recoverable). The load (concentration of the herbicide multiplied
by the river discharge and converted to tons per day) of these herbicides and
the river discharge at the sampling site near Bertram during the study are shown
in figure 13.

After application of herbicides, both in the wet spring of 1984 and in the
drier spring of 1985, the 1largest number of herbicides and 1largest
concentrations were detected. Some of these herbicides, such as alachlor,
atrazine, cyanazine, and metolachlor persist into the summer and in some cases
were detected in the fall and winter. Atrazine was consistently detected
throughout the study; the largest concentrations were detected in June 1984,
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HERBICIDE LOAD, IN TONS PER DAY
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