
University of Nebraska - Lincoln University of Nebraska - Lincoln 

DigitalCommons@University of Nebraska - Lincoln DigitalCommons@University of Nebraska - Lincoln 

Great Plains Research: A Journal of Natural and 
Social Sciences Great Plains Studies, Center for 

August 1993 

Atrazine in the Platte River and Lincoln Municipal Water Atrazine in the Platte River and Lincoln Municipal Water 

James D. Carr 
University of Nebraska - Lincoln, jcarr1@unl.edu 

Follow this and additional works at: https://digitalcommons.unl.edu/greatplainsresearch 

 Part of the Other International and Area Studies Commons 

Carr, James D., "Atrazine in the Platte River and Lincoln Municipal Water" (1993). Great Plains Research: A 
Journal of Natural and Social Sciences. 123. 
https://digitalcommons.unl.edu/greatplainsresearch/123 

This Article is brought to you for free and open access by the Great Plains Studies, Center for at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Great Plains Research: A 
Journal of Natural and Social Sciences by an authorized administrator of DigitalCommons@University of Nebraska - 
Lincoln. 

https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/greatplainsresearch
https://digitalcommons.unl.edu/greatplainsresearch
https://digitalcommons.unl.edu/greatplainsstudies
https://digitalcommons.unl.edu/greatplainsresearch?utm_source=digitalcommons.unl.edu%2Fgreatplainsresearch%2F123&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/365?utm_source=digitalcommons.unl.edu%2Fgreatplainsresearch%2F123&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/greatplainsresearch/123?utm_source=digitalcommons.unl.edu%2Fgreatplainsresearch%2F123&utm_medium=PDF&utm_campaign=PDFCoverPages


Great Plains Research 3 (August 1993): 167-88
© Copyright by the Center for Great Plains Studies

ATRAZINE IN THE PLATTE RIVER
AND LINCOLN MUNICIPAL WATER

James D. Carr

Department of Chemistry
University ofNebraska-Lincoln

Lincoln, NE 68588-0304

Abstract. The City ofLincoln draws waterfrom a wellfield along the banks of
the Platte River nearAshland. Since 1989 we have monitored the infusion of
atrazine into this well field via recharge from the Platte River. Samples of
water from the river, several monitoring wells and production wells were
analyzed by gas chromatography coupled to mass spectrometerfollowing solid
phase extraction. Atrazine concentrations were found to be less than 0.1 ppb
before the growing season every year through 1989-1992. Atrazine in the
Platte reached maximum concentrations of5, 11, 19, and 19ppb respectively
in these years. These increases corresponded to precipitation events and
agricultural practices in the Platte River basin. Following a time delay, high
concentrations were observable in the well water samples and ultimately in
Lincoln municipal tap water.

The initial purpose of this research was to use atrazine as a tracer of
waterrecharging an aquifer from a river source. The system selected is located
within the Lincoln municipal well field located along the banks of the Platte
River near Ashland, NE. The river acts as a line source of induced recharge,
thus allowing contaminants in the river to be used as tracers of induced
recharge. The amount of recharge water and the speed at which it enters the
Lincoln well field ultimately determine the amount of water that can be
withdrawn by the city for municipal use. Our study determined the rate of
movement of induced recharge by tracing atrazine from the river through a
system of monitoring wells located in a line roughly perpendicular to the
course of the river.

Atrazine was chosen because it is present in detectable quantities due to
agricultural applications. Widely used in the Platte river valley as a herbicide,
atrazine has been detected in the Platte River for years. Otherresearchers have
attempted to quantify the ability of this aquifer to supply future water
demands and the role the Platte river plays in recharging the aquifer (Black
1964; Layne-Western 1974). All studies have shown that induced recharge is
a major source of water withdrawn from the well field.

167



168 Great Plains Research Vol. 3 No.2, 1993

Federal regulations limit the concentration of atrazine in drinking water
to 3 parts per billion (Ppb). The hazards of atrazine to human health and the
biosphere have been studied frequently without reaching definite conclusions.
Diminished diversity of organisms in stream ecosystems have been shown at
levels of atrazine above 50 ppb. This is thought to be due to its herbicidal
activity on aquatic plants and therefore on the other organisms which depend
on these plants.

Description of StudyArea

The study area, three miles northeast of the town of Ashland, Nebraska
is located in the southeast corner ofSaunders County (Fig. 1). The Platte River
in this region is braided and its discharge levels are dependent upon season and
precipitation. In the southern part of the well field, the main channel of the
river is near the east side ofthe river but in the northern part, the main channel
is up against the west bank of the river.

Lincoln is approximately 35 miles to the southwest of the site. The well
field provides the principal source of water for Lincoln and supplies 97% of
the water used in the metropolitan area. Since the demand for water created by
urban growth is expected to increase, two more large capacity horizontal wells
are now under construction on an island in the river adjacent to the present
well field. Forty-four wells extract water from the alluvial aquifer in the
Lincoln Municipal well field. Each ofthese 44 production wells are capable of
producing between 1,200 and 3,000 gallons per minute. Pumpage creates a
localized area of depression in the water table with ground-water levels in
pumping wells averaging 20 feet below river stage (Gary DeFoil, personal
communication). Induced recharge from the river into the aquifer results from
this localized depression.

The alluvial aquifer, composed of sands and gravels, ranges in thickness
from 70 to 100 feet in this area (Souders 1967). The aquifer is in direct
hydraulic connection with the river in the well field (Chu 1988; Marlette
1952; Brogden 1972). The static water table outside the well field is relatively
shallow ranging from 5 to 15 feet below the surface and slopes less than 5 feet
per mile toward the Platte River (Souders 1967; G.M.I. 1984-1987) except in
the immediate vicinity of the well field.

Model ofAtrazine Movement

Atrazine (CsH14
NsCl) (Fig. 2) is a herbicide used extensively in Nebraska

for broadleafweed control in crops such as com and sorghum. It is typically
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Figure 1. Map of well field area near Ashland, Nebraska (Blum 1993).

applied in early May. After its application, precipitation runoff events causes
some of the atrazine to enter the surface water system of small streams. From
there, the atrazine is carried downstream in the flow and, under the influence
ofinduced recharge, some enters the aquifer under the well field. The amount
of atrazine induced into the well field is related to the concentration of
atrazine in the river and the volume of recharge water. All atrazine in the
sampled wells is assumed to have come from the induced river recharge since
the herbicide is not applied in the immediate area of the well field.

Precipitation soon after atrazine application results in high concentra
tions in the runoff and thus high concentrations in the river. Atrazine is more
mobile when it is at the surface immediately after application and is thus more
susceptible to transport (Shea 1989). Runoff from precipitation acts as the
major transporter of atrazine from farmland into the river. The greater the
amount ofprecipitation, the greater the amounttransported (Shea 1989). Very
high concentrations have been detected in small streams in the midst of
agricultural areas. In May 1992, we found atrazine concentration to be 40 ppb
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Cl

Figure 2. Chemical structure of atrazine.

in Maple Creek in Colfax County. Our data show that the amount ofatrazine
in the river increases during normal precipitation events and decreases during
periods ofless rain. The atrazine concentration depends upon both the amount
ofavailable atrazine and the volume ofwater, both ofwhich increase immedi
ately after an upstream rainfall. The Platte River discharge increases substan
tially in response to runoff during precipitation events in the contributing
basin of 84,200 mF (Boohar et al. 1990). A maximum flow of 80,600 ft3/S

occurred on June 17, 1990 and a minimum flow of 840 ft3/S on December 14,
1989 during the study period (Boohar et al. 1990).

Methods ofAnalysis

This study utilized several monitoring wells in both the north and south
partsofthe well field (Fig. 1 and Table 1). Production well 54-10 is typical and
has 40 feet of screen at the bottom with the top part of the screen at the same
level as the screens of the deeper monitoring wells. The concentration of
atrazine in the water recharging the aquifer was assumed to be the same as that
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TABLE 1

DEPTH AND LOCATION OF MONITORING WELLS

171

Well Depth Distance to River
(ft) (ft)

91-1 50 50
91-2 36 50
91-3 50 135
91-4 36 135
88-6 50 10
89-1 16 10
90-3 25 10
89-4 18 75
90-2 25 75
88-7 50 160
89-3 18 160
90-1 25 160

in the sample taken at the river's edge directly adjacent to the well field but we
recognize the possibility of error in this assumption.

All water samples were collected in 500 mL amber glass reagent bottles
washed with distilled water. Collection was accomplished by pumping air
from the sample bottle and allowing it to fill via a 30 foot non-collapsible
polyethylene tube inserted below the water level of the well. The sample bottle
was filled three times prior to retention ofa sample. Samples from production
wells were taken from the spigot attached to the discharge pipe inside the well
house. A 100% teflon (Isco, Inc. series 3600 system) bailer was used to collect
samples when the water table dipped below the lifting ability of the pump.

Samples were taken approximately three times a week during May
through August and less frequently earlier and later in the year. Sampling
frequency was increased following rainfall events. Blanks and duplicates were
taken in order to identify any error of procedure. Duplicate samples of river
were taken at every collection time.
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The herbicide was extracted from 10 mL ofthe sample using a C-18 solid
phase extraction resin (100 mg in 1 mL syringe) and eluted using two 250 ~

aliquots of ethyl acetate. This eluent was blown to dryness and redissolved in
50 ~ ofethyl acetate. This was reduced to 5-7 ~bya flow ofdry nitrogen before
injection into the gas chromatograph/mass spectrometer. An internal standard
of terbuthylazine was used in this method to compensate for variables in the
extraction process. Terbuthylazine is a triazine herbicide not licensed for use
in the United States, and does not otherwise appear in the samples. Details of
this procedure are reported in our earlier paper (Shepherd et al. 1990).

Results and Interpretations

Important differences, attributed to rainfall patterns during the growing
seasons, have been measured in this four year study. The summer of 1989
proved to be dry with infrequent but heavy precipitation events and low river
stage. The Platte River discharge increased substantially in response to runoff
during the few times that widespread precipitation occurred in the contribut
ing basin. During drier periods the river discharge dropped significantly. The
summers of 1990 and 1991 were much wetter but hot whereas 1992 was a wet
and cool summer. In 1989 the Platte nearly dried up due to insufficient
rainfall, in 1990 the river was temporarily dewatered to allow installation ofa
pipeline to carry water from the new wells on the island to the treatment plant
in Ashland, in 1991 the river did not dry up as much as it had in 1989, and in
1992 it stayed bankful nearly all summer. In all four years, the concentration
of atrazine in the river increased dramatically immediately after the first
rainfall following the application of atrazine during com planting in early
May (Fig. 3).

In all four years, the concentration ofatrazine in wells close to the river
increased sharply a few days after the concentration in the river had peaked.
Monitoring well 88-6, located just ten feet from the river bank, showed a
maximum atrazine concentration about 22 days after the corresponding maxi
mum river concentration (Fig. 4). The time spans between the peaks in the
river and the peaks in the levels of atrazine in well 88-6 are reasonably
consistent (Table 2). The point of induced recharge in the river bed for water
sampled in this well is not known but is most certainly not from the immediate
adjacent river bed.

Monitoring well 88-8, located slightly northeast ofproduction well 54
10, is approximately 200 feet further west from the river than well 88-6. A line
drawn from 88-6 to 88-8 is roughly perpendicular to the river. The linear
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Figure 3. Atrazine concentration in the Platte River in 1989,1990,1991, and 1992.
Compilation of (Blum 1993) and (Duncan 1991).
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Figure 4. Concentration ofatrazine in monitoring wells in the south well field in 1989
(Duncan 1991).
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TABLE 2

CONCENTRATION OF ATRAZINE IN PLATTE RIVER
AND MONITORING WELLS

175

83 0.11 0.03 0.05 0.02 0.02 0.06

105 0.16 0.14 0.28 0.14 0.13 0.12 0.17 0.16 0.06 0.13

121 0.12 0.11 0.11 0.14 0.13 0.14 0.14 0.14 0.13

133 0.23 0.31 0.34 0.39 0.32

136 0.12 0.21 0.17 0.22 0.15 0.16 0.99 1.58 2.11 2.91 0.12

140 11.36 10.61 10.42 10.48 0.39

142 0.21 0.36 0.30 0.34 19.79 19.65 19.32 19.06 0.22

147 0.30 9.68 0.40 0.85 0.24 4.94 4.54 4.05 3.93 0.57

154 0.17 9.29 0.47 5.47 1.94 0.61 4.19

158 1.89 6.13 0.52 6.38 2.10 6.85

163 3.18 1.72 0.63 8.75 2.88 9.33 1.76 11.47

168 5.64 6.31 0.64 6.59 3.83 4.00 2.28 4.64

175 2.03 1.53 4.16

181 6.01 5.52 0.71 6.12 1.15 3.12

185 5.79 3.89 0.99 5.41 1.02 2.83

189 4.37 1.10 1.47 4.02 0.95 3.74 0.83 4.31

195 2.59 2.74 3.23 1.41 1,08 2.35 3.70

199 2.46 2.22 2.39 2.29 2.09 2.61 1.08 3.53

205 2.57 1.21 2.41 1.75 2.22 1.03 0.89 0.80 0.64 0.79 3.44

211 2.20 0.82 1.89 1.04 1.59 1.17 2.48

218 1.20 1.21 1.30 1.16 1.66 2.1 0.92 0.89 0.73 0.78 2.33

232 1.09 0.44 1.51

245 0.36 0.86

338 0.16 0.23

movement ofatrazine from the river to the production well is demonstrated by
a difference in the time lag for the maximum concentration of atrazine
between the river and these two wells (Fig 3).

In comparing levels of atrazine in the river and in the monitoring well
88-8 the first peak in the atrazine concentration in the monitoring well
occurred on July 15, 1989 (day 196), four days later than the first peak in well
88-6 on July 11 (day 192). Similar delay times between these monitoring wells
were seen in subsequent years. The peaks ofatrazine concentration in well 88
8 are more difficult to correlate to the peaks in the river (Fig. 3). The only peak
that can be correlated with confidence is river peak 1, which causes the peak
seen in well 88-8 on July 15. The later increases in levels ofatrazine concen-
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tration in monitoring well 88-8 were not significant, distinct or consistent
enough to match with confidence to the four following peaks in the concentra
tion pattern seen in the river.

Monitoring well 88-11, located 150 feet west of production well 54-10,
does not reflect river atrazine levels. Rather, after weeks of no change there
begins a slow, consistent increase in atrazine concentrations (Fig.3). This
monitoring well is some distance from the river and one would expect damp
ing of peaks. Additionally, production well 54-10 lies between the river and
this monitoring well so more peak smoothing would be expected because of
mixing. The lack of peaks in 88-11 illustrate that the peaks seen in the other
wells are not reflections of rainfall at the well site or other non-river-related
phenomena. A definite trend (Fig. 3) can be seen in response time as a
function ofdistance from the river. Well 88-6, closest to the river, reacts first,
followed by well 88-8 and well 54-10. The gradual rise in 88-11 in October
probably represents the eventual arrival of induced recharge at this site from
the river, with the modifying effects ofthe production well in the vicinity. Well
88-11 was destroyed during the construction of the pipeline through the well
field during 1990.

The four north well field monitoring wells (91-1,91-2,91-3, and 91-4)
were installed to learn about recharge as a function of well depth. Well 91-2,
shallow (screen depth 12.0m) and close to the river (18.5m), showed an
atrazine level ofl9.3 ppb on June 2nd 12 days after the river's peak ofl9.8 ppb
(Fig 5.). Well 91-4, the same depth, is situated 41.5 meters from the river. It
showed a high atrazine concentration of 18.7 ppb on June 11th, 21 days after
the river's peak. The two deep wells (91-1 and 91-3) are screened at 18.5
meters and showed much later and lower peak atrazine levels although they are
the same distance from the river as wells 91-2 and 91-4 respectively. Well 91
1 showed a peak concentration of 6.0 ppb on June 29th (39 day delay from
river peak) and 91-3 exhibited a peak concentration of3.2 ppb on July 13.

The source for the atrazine in the well field was clearly the river because:

I. Atrazine is not applied to the surface in the immediate area ofthe
study.

2. The patterns of concentration highs and lows evident in the river
are traceable to some extent in the wells.

3. Wells closer to the source show response sooner than those
further from it.



Atrazine in the Platte River

4. The lack of concentration peaks in well 88-11 indicates that the
concentration maxima in the response of the other wells are not
linked to local precipitation events.

Atrazine in Production Wells

177

Production well samples were gathered systematically three times dur
ing 1991 (July 12, September 10, and October 30) and five times during 1992
(May 27, July 6, August 3 or 10, September 17, and December 3). Values of
atrazine concentrations were generally much lower in 1992 than in 1991 even
though the concentration in the river was similar. Figure 6 shows production
well locations. Atrazine slowly moves from the Platte River through the well
field into the more distant wells. The closest wells to the river display atrazine
peak concentrations early in the season while the more distant wells peak
much later in the year (Table 3). This is thought to be due to the longer time
needed for the water to move from the river to the well affording more time for
natural degradation processes, dispersion, and mixing to reduce the atrazine
concentration. Concentrations in 1992 were thought to be lower than in 1991
because the cooler summer required less water to be withdrawn from the well
field and the effect of induced recharge was diminished.

Implications of Recharge Rate Measurements

Knowledge of the atrazine intrusion rate into the well field has allowed
the city to pump wells which have low concentrations at any given time during
the summer and thereby minimize the concentration of atrazine in municipal
drinking water. Knowledge of the rate of recharge and the connection ofriver
water to well field water is involved in water rights issues confronting Nebras
kans now and in the future.

It had been suggested that since the Elkhorn River joins the Platte about
7 miles upstream of our sampling point, the mixing of the Platte and Elkhorn
water may not be complete, thus causing different portions of the river to
experience different concentrations ofatrazine at different times. To study this
possibility, simultaneous collection and measurement were performed on 4
different river sites (points A-D on Fig. 6). The results of the study (Fig. 7)
suggest that the river is relatively homogeneous (Table 2). At no time during
sampling was an important difference in atrazine concentration recorded. This
testing will also be periodically performed in 1993 at times of dry weather as
well as after intense runoff conditions.
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Figure 6. Map of production wells and sites for river homogeneity study.
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TABLE 3

CONCENTRATION OF ATRAZINE IN PRODUCTION WELLS
1991 AND 1992

/ / •• » ·•• l\Il"V~7/··· >JutY~/ Au9~/ ·AOQ10 I/ S""'17/ I·····>~;l·· 1·.·"'0*'2 sk"tjll Oct 31

Produc- River 1992 1992 1992 1992 1992 1992 1992 1991 1991
tion Well Distance Day 148 Day 188 Day 216 Day 223 Day 261 Day 338 Day 193 Day 253 Day 304

lin feet)

76-4 50 2.48 2.34 1.80 0.68 6.97 1.03 0.39

76-5 75 0.35 3.27 1.81 0.77 5.53 1.02

56-5 125 0.15 2.37 1.51 0.93 4.12 1.62 0.32

56-1 150 0.10 0.31 1.05 2.14 2.88 2.03 1.09

54-1 150 0.09 0.07 1.00 2.89 0.18 5.43 0.62

54-4 200 0.18 1.72 1.30 0.67 6.04 1.24 0.36

54-10 200 0.08 0.35 2.24 0.75 5.52 1.85

57-1 225 0.66 0.56 0.39 0.42 0.54 2.32

79·2 225 0.12 0.13 0.78 1.26 0.36 1.96 0.89

86-2 350 0.11 4.09 3.60 1.93 0.52 4.76 0.81

54-11 550 0.47 0.59 0.78 0.50 0.63 1.84 1.68 0.6

76-3 600 0.44 0.70 0.92 1.76 1.47 1.57

54-5 650 0.11 0.47 0.49 2.81 0.86 1.96 5.43 1.3

54-7 700 0.39 2.91 1.51 0.64 0.05 0.8 1.92

54-3 700 0.08 0.18 1.66 2.40 0.53 1.9

56-7 750 0.56 0.52 0.55 0.43 0.96 0.09

76-1 850 0.16 0.24 0.44 1.35 0.27 3.13

76-2 850 0.47 0.43 0.43 1.12 1.28 0.53 4.47 0.70

66-4 1175 1.13 0.63 0.55 0.54 0.43 0.66

56-9 1200 0.03 0.07 0.14 0.10 0.09 0.73 0.39 0.11

49-6 1200 0.31 0.04 0.05 0.10 0.20 0.33 0.45

66-6 1350 0.23 0.34 0.62 0.33 0.24 0.32

66-5 1550 0.03 0.03 0.06 0.19 <.05

66-3 1675 0.03 0.07 0.08 0.08

66-1 2150 0.37 0.37 0.56 0.16 0.19

Compilation ofthis research and (Blum 1993).
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Knowledge of the daily atrazine concentration and the daily river flow
allows calculation of the amount ofatrazine during any time period. A total of
1,400 kilograms ofatrazine washed down the river in 1989. The corresponding
numbers for 1990,1991, and 1992 of 10,100, 15,000, and 49,000 kilograms
respectively were calculated by multiplying the daily concentration of atr
azine in the Platte by the known volume ofwater flowing per day and summing
over the year. Approximately five million kilograms of atrazine are applied
annually in the drainage basin, so only a small fraction of the applied atrazine
moves down the Platte River as the intact molecule.

Some of the lost atrazine has undergone chemical change either in the
field or in the river before sampling. Suspected degradation products are
hydroxyatrazine (HYA), deethylatrazine (DEA) , and deisopropylatrazine
(DIA). These compounds have been detected in soil but a trustworthy method
for determining DEA and DlA has only recently been available and we have
developed a method for determining HYA in water. Too few measurements
have been completed to make specific statements, but we find smaller amounts
ofDEA and DIA than ofatrazine and amounts of HYA parallel atrazine levels
in Platte River water. Concentrations of DlA were generally lower than DEA
by about a factor of three with DEA being typically around one half the
atrazine concentration.

1993 will be the first year for a comprehensive evaluation of atrazine
degradation products. It is likely that the formation ofdegradation products of
atrazine may contribute to a better overall picture of atrazine in the environ
ment. From soil studies it is understood that hydroxyatrazine is formed via a
chemical hydrolysis process in the environment while deethyl and deisopropyl
atrazine are formed by fungal mediated cleavage of the alkyl chains on the
amine nitrogens.

Rainfall measurements ofatrazine levels were conducted in the Lincoln
area throughout 1991 and 1992 with a peak concentration of 1.8 ppb on June
16, 1991 and 1.2 ppb on June 5, 1992 (Fig. 8). The increase and decrease in
rainfall atrazine paralleled that in the Platte River, both of which are inter
preted in terms of agricultural practices and weather patterns.

Atrazine was monitored in Lincoln tap water taken in Hamilton Hall
from a tap far distant from any atrazine in the building. Water was allowed to
run for 20 minutes before collecting the sample. In each year studied, the
atrazine concentration showed very low values « 0.2 ppb) early in the year to
higher values in midsummer (Fig. 9). Concentrations were greater than 1 ppb
from June 14 - July 30 in 1990, from June 7 - October 2 in 1991, and June 11
- June 23 in 1992. Maximum concentrations detected were 0.7 (Sept 4, 1989),
3.1 (July 6,1990),2.1 (June 23,1991), and 2.3 ppb (June 16, 1992).
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Tap Water Analysis 1992
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Figure 9. Concentration ofatrazine in Lincoln tap water during 1992.

Measurements of atrazine in dry air were completed in 1992 with more
testing expected in spring 1993. Analysis for airborne atrazine was performed
by collecting dry air on May 4th (the first day ofapplication of atrazine) at a
farm located 12 miles north of Schuyler, NE and 1 mile east of Highway 15.
Samples were gathered before, during, and after application in the field, on a
tractor, and on a planter. The sampling apparatus consisted ofa large gas-tight
syringe to draw in air connected to a preconditioned C-18 solid phase extrac
tion tube. For other samples the technique was modified by adding a filter
(0.45 micron) to collect suspended particles while allowing intact molecules
to pass through. These measurements were intended to help answer questions
relating to the pathway by which atrazine reaches the atmosphere and pro
duces considerable concentrations in rainfall. After sample collection, inter
nal standard TBZ was added after which atrazine and TBZ were eluted from



Atrazine in the Platte River

TABLE 4

185

CONCENTRATION OF ATRAZINE IN DRY AIR AND MAPLE CREEK
DURING 1992

0.1 4.0

53.0 228

113 359

5-6

5-13

5-16

5-17

5-24

5-25

5-28

6-1

6-6

6-16

6-17

6-30

7-12

(Blum 1992)

127

134

137

138

145

146

149

153

158

168

169

182

194

0.22

0.58

10.23

39.67

3.15

3.29

1.02

6.00

0.97

12.74

7.26

4.44

1.24
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the solid phase extraction tube with ethyl acetate which is evaporated to
approximately 5 ul and injected onto the GC/MS system. This test showed
very low concentrations of atrazine before application (0.1 ppb) and a large
increase to over 200 ppb on the tractor and over 350 ppb on the planter in the
air samples collected without the filter attached. Samples collected with the
filter attached show that approximately half of the atrazine collected was on
the 0.45 micron filter paper while the other halfpassed through the filter. The
technique used to determine the atrazine concentration of the filter included
an extra step ofwashing the filter and then extracting (Table 4). Runoffstudies
at nearby Maple Creek showed atrazine levels that reached nearly 40 ppb on
May 17, 1992 (Table 4).

Conclusions

1. The river is the source of atrazine detected in the well field. The
pattern of atrazine concentration unique to the river was found to be repeated
with a high degree of similarity in the well field. Induced recharge transports
the atrazine. Other agricultural chemicals also enter the well field via re
charge from the river.

2. The highest river atrazine concentrations occurred in late spring
and early summer. This has been attributed to two factors: the time of
herbicide application to the fields located in the Platte River's drainage area;
and the amount ofprecipitation following this application. It is logical that the
nearer the rainfall is to the period ofapplication, and the greater the amount of
this rainfall, the greater the amount ofatrazine carried by runoff into the river.
At some point, with increasing precipitation, the amount ofrunoffwill exceed
the available mobile atrazine. Consequently, dilution of the atrazine in the
runoff and eventually the river will occur.

3. The rate of ground-water movement is represented by the time
lag between high atrazine concentration levels in the river and adjacent
monitoring wells. The time lag between the high concentration of atrazine
that occurs in the river to the corollary peak in concentration in the monitoring
well increases as distance from the river increases (Fig. 4).

4. Atrazine movement may be used to study contaminate disper
sion in the aquifer. The increased lack of pattern replication of the atrazine
highs and lows as the distance from the river increases is attributed to the
hydraulic dispersion of the induced recharge. Additionally, mixing due to
pumping from several production wells may effect wells 88-11 and 88-8.

5. Atrazine in the river water can be used as a tracer of induced
recharge. The ground-water movement at this site in the well field is the
movement of induced recharge from the river to the well field.
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6. Atrazine enters the air both as free molecules and adsorbed on
dust particles during planting. This material can move many miles through
the air before falling in rain.

7. Recognizable degradation products of atrazine are also present
in water samples. The sum of these substances is of the same approximate
concentration as the atrazine itself.
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