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GROUNDWATER MONITORING in the BIG SPRING BASIN
1994-1995:
A Summary Review

Iowa Department of Natural Resources, Geological Survey Bureau
Technical Information Series 37, 1997, 45p.

Huaibao Liu, R.D. Rowden, R.D. Libra

ABSTRACT

The Big Spring basin is a 267 km? (103 mi?) groundwater basin in Clayton County, northeast
Iowa. Precipitation, groundwater and surface-water discharge, and the concentrations and
loads of various agricultural chemicals have been monitored within and around the basin since
1981. This report summarizes the results of monitoring at Big Spring and the Turkey River
during water years (WYs) 1994 and 1995.

Afterthe wetperiod of WYs 1990 through 1993, WY's 1994 and 1995 were relatively dry. The
annual precipitation totals for the basin were 30.42 inches in WY 1994 and 29.28 inches in WY
1995, about 92% and 89% of'the long-term average precipitation of32.97 inches. The annual
groundwater discharge from Big Spring was 31,266 acre-feet (ac-ft), with an average
discharge rate of 43.2 cubic feet per second (cfs), in WY 1994, and 30,013 ac-ft, with an
average rate of 41.5 cfs, in WY 1995. These annual discharges were about half of the highest
discharge value, 58,186 ac-ft, recorded in WY 1993, but were close to the average annual
discharge, 31,987 ac-ft, during WY's 1982 through 1995. While annual precipitation totals in
the Big Spring basin were lower than normal, the discharge as a percent of precipitation, 18.7%
for both WY's 1994 and 1995, was the fifth greatest rate since WY 1983. The non-linear
relationship between recharge and discharge at Big Spring is affected by antecedent
conditions of groundwater in storage and soil moisture within the basin. Annual discharge of
the Turkey River at Garber was 719,000 ac-ft for WY 1994 and 729,000 ac-ft for WY 1995.
The annual discharges for WY's 1994 and 1995 were 100.7% and 102.1%, respectively, of
the long-term average, 714,200 ac-ft, for WYs 1913 through 1995.

The annual flow-weighted (fw) mean nitrate concentration at Big Spring continued to
decrease from 56 mg/L. (12.4 mg/LL as NOs3-N) in WY 1991, which was the highest
concentration during the period of record, to 47 mg/L. (10.4 mg/L. asNO3-N) in WY 1994 and
45 mg/L (10.1 mg/L as NO3-N) in WY 1995. The total load of nitrate-nitrogen discharged
by the groundwater system was 888,518 poundsin WY 1994 and 822,569 poundsin WY 1995.
These annual nitrate-nitrogen loads were only about half of the total load, 1,796,013 pounds,
of WY 1993, which was the highest recorded since monitoring began at Big Spring. For the
Turkey River, fw mean nitrate concentrations were 23 mg/L (5.1 mg/L. as NO3-N) in WY
1994 and 30 mg/L (6.7 mg/L as NO3-N) in WY 1995. Total nitrate-nitrogen discharged by
the river was about 9.9 million pounds and 13.3 million pounds in WY's 1994 and 1995,
respectively. These loads were significantly less than the highest annual nitrate-nitrogen load,
32.4 million pounds, recorded at the Turkey River in WY 1993. The decreases in nitrate-
nitrogen fw mean concentrations and loads likely resulted from several factors, including



lower precipitation and discharge during the two-year period, antecedent hydrologic and
climatic conditions, as well as the cumulative effects of reduced nitrogen applications.

Atrazine was detected in 94% and 75% of the samples analyzed for pesticides from Big Spring
groundwater in WY's 1994 and 1995, respectively. The annual fw mean atrazine concentra-
tion declined from 0.27 pg/L in WY 1993 t0 0.21 pg/L in WY 1994, and the annual atrazine
load declined from 42.0 pounds in WY 1993 to 17.8 pounds in WY 1994. In WY 1995, the
annual fw mean atrazine concentration at Big Spring, 0.12 pg/L, was the lowest recorded since
the monitoring project started. The annual atrazine load in WY 1995, 9.8 pounds, was the
second lowestto date. The lowestannual atrazine load, 9.2 pounds, wasrecorded in WY 1988.
The highest annual fw mean atrazine concentration, 1.17 pg/L, and the greatest annual
atrazine load, 135 pounds, were recorded in WY 1991. The concentrations of other common
herbicides detected in Big Spring groundwater also remained at low levels during WYs 1994
and 1995. For the Turkey River, the annual fw mean atrazine concentration for WY 1994
was 0.41 pg/L and the annual atrazine load was 803 pounds. In WY 1995, the fw mean
concentration was 0.42 pg/LL and the load was 841 pounds. These values were also
significantly lower than the highest fw mean atrazine concentration, 1.90 pg/L, recorded in
WY 1990, and the greatest annual atrazine load, 3,386 pounds, recorded in WY 1993. Unlike
the fluctuations of the annual nitrate concentrations and loads, it has been found that the annual
concentrations and loads of atrazine do not correlate to discharge. The reasons for this are
not clear. To better understand the transport and degradation mechanisms of agricultural
contaminants, and to maintain a record of surface- and groundwater quality, continued
monitoring in the Big Spring area is needed.



INTRODUCTION

The Big Spring basin is a 267 km? (103 mi?)
groundwater basin located in Clayton County, north-
east [owa. The land use, hydrology, and water
quality of the basin have been extensively studied
by the lowa Department of Natural Resources,
Geological Survey Bureau (GSB) since 1981. A
network of sites, including groundwater, surface
water, tile lines, and springs, was established by
GSB and cooperating agencies to monitor water
quality.

The Big Spring basin is located in the Paleozoic
Plateau landform region (Prior, 1991). The bed-
rock in this area is Ordovician and Silurian carbon-
ate strata. The main aquifer is the Ordovician
Galena Group, with an average thickness of 67 m
(220 ft) in the study area. The Galena aquifer is
recharged by both infiltration and runoff recharge
into sinkholes in this area. Sinkholes are widely
distributed in the eastern portion of the basin, and
occupy about 11% of the Big Spring groundwater
basin (Hallberg et al., 1983; Rowden and Libra,
1990; Rowden et al., 1995a, b). The Big Spring is
located near the base of the Galena aquifer. Over
85% of the groundwater that exits the basin to the
Turkey River is discharged through Big Spring.
The groundwater discharge from Big Springis used
to rear trout at a state-owned fish hatchery. The
water distribution system at the hatchery greatly
facilitates groundwater discharge monitoring.

Land use within the basin is essentially agricul-
tural. Forty to fifty percent of the basin is annually
cropped to corn, typically in rotation with alfalfa.
Small-to moderate-sized hog and dairy operations
are common. There are no significant industrial or
urban contamination sources, such as large live-
stock feedlots, factories, or landfills. Therefore,
agriculture is the main factor impacting the ground-
water quality within the basin.

Many articles and reports about water quality in
the Big Spring basin have been published since the
early 1980’s. Summary reviews of monitoring
withinthe basin include: Hallbergand others (1984a)
for Water Year 1983 (WY A water year is a 12-
month period, from October 1 through September
30, designated by the calendar year in which it
ends.), Hallberg and others (1989) for WYs 1984-

1987, Libraand others (1991) for WY's 1988-1989,
Rowden and others (1993a) for WYs 1990-1991,
and Rowden and others (1995b) for WYs 1992-
1993. A summary review of surface water moni-
toring inthe Big Springbasin for WY's 1986 through
1992 is reported by Rowden and others (1995a).
Other water quality reviews for the basin include
Hallberg and others (1984b, 1985, 1987). The
design and implementation of monitoring sites for
the Big Spring project were described by Littke and
Hallberg (1991) and Libra and others (1992).
Groundwater monitoring wells in the Big Spring
area and related data were described by Rowden
and Libra(1990). Big Spring hydrologic monitoring
data were also presented by Kalkhoff (1989),
Kalkhoff and Kuzniar (1991, 1994), Kalkhoff and
others (1992). Some other publications related to
the study of the basin include Libra and others
(1986, 1987), Nations (1990), Goolsby and others
(1990), Capel (1990), Nations and Hallberg (1992),
Rowden and others (1993b), Seigley and others
(1993), Hallbergand others (1993), Rowden (1995),
Kalkhoff and Schaap (1996), and Rowden and
Libra (1996).

In addition to the monitoring, the Big Spring
basin is the site of extensive education and demon-
stration activities that are designed to improve the
environmental and economic performance of agri-
culture. These activities were conducted under the
auspices of the Big Spring Basin Demonstration
Project (1986-1992) and continue as part of the
Northeast lowa Demonstration Project, under the
direction of lowa State University Extension Ser-
vice.

This report is a part of the continuing summary
review of the Big Spring project. It will focus onthe
groundwater monitoring data and water quality of
Big Springand the Turkey River for WY's 1994 and
1995. Thisreport will also summarize the distribu-
tion and concentrations of agricultural chemicals,
particularly nitrate and common pesticides. Hydro-
logic and water quality data from tile lines, wells,
and other surface water sites within the basin will
be addressed in subsequent reports. Analytical
methods and processes are the same as in previous
reports, which were reviewed in Hallberg and
others (1989).



HYDROLOGIC AND WATER QUALITY
MONITORING

The discharge of Big Spring responds to re-
charge within the 267 km? (103 mi?) groundwater
basin and is controlled by the amount, timing, and
intensity of precipitation and snowmelt. Climatic
variations, along with antecedent conditions, exert
a major control on the transport, concentrations,
and loads of agriculturally-related contaminants.
The Turkey River is a high baseflow stream,
deriving a significant part of its discharge from
influent groundwater. As defined, the Turkey
River basin contains 4,002 km? (1,545 mi®). Data
from the Turkey River provide a regional perspec-
tive forthe hydrologic and water quality monitoring
at Big Spring.

Groundwater discharge from the Big Spring
basin to the Turkey River has been monitored at Big
Spring since 1981. Discharge of the Turkey River
is gaged at Garber, lowa, which is about 15 miles
(24 km) downstream from Big Spring. Gaging of
stream discharge for the Turkey River began in
WY 1914 and has been continuous since 1933.
Discharge data forthe Turkey Riverand Big Spring
for WYs 1994 and 1995 were supplied by the
Water Resources Division of the U.S. Geological
Survey (USGS), lowa District (May et al., 1995,
1996). Samples for water-quality analyses were
collected at Big Spring and the Turkey River near
the Big Spring Fish Hatchery.

Precipitation

Monthly precipitation and departures from nor-
mal for WYs 1982 through 1995 are shown in
Figure 1. Precipitation data for WY's 1982-1988
were calculated using data from the Elkader, Fayette,
and Waukon weather stations, which form a tri-
angle around the Big Spring basin. These data and
daily minimum/maximum temperature data are
supplied by the lowa Department of Agriculture
and Land Stewardship, State Climatology Office
(IDALS, SCO). Precipitation has been recorded at
the Big Spring Fish Hatchery since August 1984 as
part of the National Atmospheric Deposition Pro-
gram (NADP). These data have also been used to

calculate basin precipitation since WY 1985. Inthe
summer of 1988, the USGS installed rain gages at
two surface-water gaging stations within the basin.
Basin precipitation for WYs 1989 through 1992
was calculated with data from the two USGS
stations and the NADP station at the hatchery.
Precipitation for WY 1993 was calculated with
data from the Elkader, Fayette, and Waukon
weather stations and the NADP station at the
hatchery (Rowden etal., 1995b). In January 1991,
IDALS installed a weather station in Postville,
which is much closer to the Big Spring basin than
Waukon. Therefore, basin precipitation for WYs
1994 and 1995 was calculated based on data from
the NADP station at the Big Spring Fish Hatchery
and the IDALS stations in Elkader, Fayette, and
Postville. To be able to compare annual precipita-
tion within the Big Spring basin, the mean annual
precipitation forthe period 1951-1980,32.97 inches,
is used, and references to normal precipitation are
based on this period. This average is slightly
different from the updated normal precipitation
used by IDALS, SCO based on the period of 1961-
1990. Precipitation for the Turkey River drainage
basin is estimated using averages for the state’s
northeast climatic division (IDALS, SCO).

As shown in Figure 1, the fourteen-year period
of record (WYs 1982 through 1995) in the Big
Spring basin was characterized by significant cli-
matic variability. Thetwo driest consecutive years
in lowa’s recorded history were WYs 1988 and
1989, with total annual precipitation of 22.94 and
24.32 inches, respectively. These were 10.03 and
8.65 inches below normal, or 70% and 74% of the
long-term average precipitation. These two dry
years were followed by two wet years. In WY
1990, the total annual precipitation, 37.87 inches,
was 4.90 inches above normal, and 115% of the
long-term average precipitation. Water Year 1991
was the wettest year since the Big Spring project’s
inception. The annual precipitation, 47.28 inches,
was 14.29 inches above normal, and 143% of the
long-term average. The annual precipitation for
WY 1992, 35.74 inches, was close to the long-term
average precipitation (32.97 inches). Water Year
1993 was another wet year after WY 1991. The
annual precipitation, 46.47 inches, was 13.50 inches
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Figure 1. A)Monthly precipitation totals and B) departure from normal for the Big Spring basin, WYs 1982-1995
(Iowa Dept. of Ag. and Land Stewardship, State Climatology Office).



Table 1. Monthly precipitation and departure from normal, Big Spring basin; WYs 1994-1995.

Water Basin Departure % of

Water Basin Departure % of

Year precip from normal normal Year precip from normal normal
1994 inches inches 1995 inches inches
Oct-93 1.37 -0.95 59% Oct-94 0.94 -1.38 41%
Nov-93 1.06 -0.66 62% Nov-94 2.65 0.93 154%
Dec-93 0.59 -0.67 47% Dec-94 1.25 -0.01 99%
Jan-94 1.77 0.77 177% Jan-95 0.75 -0.25 75%
Feb-94 1.31 0.26 125% Feb-95 0.03 -1.02 3%
Mar-94 0.14 -2.01 7% Mar-95 2.53 0.38 118%
Apr-94 2.85 -0.45 86% Apr-95 4.78 1.48 145%
May-94 2.23 -1.81 55% May-95 3.99 -0.05 99%
Jun-94 7.70 2.90 160% Jun-95 2.51 -2.29 52%
Jul-94 4.61 0.18 104% Jul-95 3.28 -1.20 73%
Aug-94 2.58 -1.02 72% Aug-95 4.84 1.24 134%
Sep-94 4.21 0.91 128% Sep-95 1.78 -1.52 54%
TOTAL 30.42 -2.55 92% TOTAL 29.28 -3.69 89%

above normal, or 141% of the long-term average.
In WY 1993, most rainfall events occurred during
the June through August period, and major flooding
occurred throughout much of central and eastern
lowa, including the Big Spring basin.

Table 1 shows the monthly precipitation and
departure from normal for WY's 1994 and 1995 for
the Big Spring basin. Followingthe wet WY 1993,
WYs 1994 and 1995 were relatively dry. The
annual precipitation for WY 1994, 30.42 inches,
was 2.55 inches below normal, or 92% of the long-
term average. For WY 1995, the annual precipita-
tion, 29.28 inches, was 3.69 inches below normal, or
89% of'the long-term average. The annual precipi-
tation for WY 1995 was the third lowest since the
Big Spring project started in WY 1982.

The monthly precipitation totals in the Big Spring
basin for WYs 1994 and 1995 showed large devia-
tions from normal. During WY 1994, the precipi-
tation totals for January, February, June, and Sep-
tember were considerably higher than normal. The
monthly precipitation for June, 7.70 inches, was
2.90 inches above normal, or 160% of the long-term
average precipitation. In WY 1995, the monthly
precipitation totals for November, March, April,
and August were significantly greater than normal.

The wettest month of the water year was August,
with 4.84 inches of precipitation or 134% of the
long-term average precipitation. April had 4.78
inches of precipitation, which was 1.48 inches
above normal or 145% of the long-term average
precipitation. The precipitation totals for some
months during the two-year period were signifi-
cantly lower than normal. The driest month of WY
1994 was March, with 0.14 inches of precipitation
or 7% of normal. For WY 1995, February was the
driest month, with 0.03 inches of precipitation or
3% of normal. Based on the long-term average
precipitation, June, with an average precipitation of
4.80 inches for 1951-1980, has typically been the
wettest month in the Big Spring basin. In WY 1995,
precipitation in June was only 2.51 inches, which
was 2.29 inches below normal or 52% of the long-
term monthly average.

Previous reports have indicated that the March
through June period is typically marked by low
evapotranspiration and wet antecedent conditions,
and is important for groundwater recharge in the
Big Springarea (Hallbergetal., 1983, 1984a, 1989;
Libra et al., 1991; Rowden et al., 1993a, 1995b).
Although the precipitation totals for June, 1994 and
April, 1995 were significantly higher than normal,



the average precipitation for the March through
June periods was below normal (1.37 inches below
normal for WY 1994 and 0.48 inches below normal
for WY 1995) due to the low precipitation during
the remaining months of the period.

Water Year 1994

Discharge Monitoring

Tables 2 through 8 and figures 2 through 6
summarize the discharge, climatic, water quality,
and chemical loading data for Big Spring and the
Turkey River at Garber during WY 1994.

Annual groundwater discharge at Big Spring
for WY 1994 was 31,266 acre-feet (ac-ft), at an
average daily discharge rate of 43.2 cubic feet per
second (cfs; Table 2). The annual discharge was
equivalent to 18.7% of the annual precipitation,
which was 30.42 inches for the Big Spring basin.
The annual discharge for the Turkey River at
Garber was about 719,000 ac-ft, atan average daily
discharge rate of 993 cfs for WY 1994 (Table 3).
Surface-water discharge accounted for 28% of the
annual precipitation in the Turkey River basin, and
was equal to 101% of the long-term average annual
discharge.

Figure 2 shows the discharge hydrograph (A)
and water temperature (B) for Big Spring, along
with daily precipitation of the Big Spring basin (C)
and daily maximum/minimum air temperatures re-
corded at the Elkader weather observation station
(D). The Big Spring groundwater temperature
record for WY 1994 begins on March 28. It is
incomplete because of equipment failures. The
discharge hydrograph consists of several peaks
and relatively flat lines between the peaks. The
narrow shape of these peaks indicates a rapid
increase and decrease in discharge. Based on
previousreports (e.g., Rowdenetal., 1995b), rapid
changes in discharge at Big Spring usually result
from snowmelt and/or precipitation-generated sur-
face-water runoff recharge to sinkholes. Dis-
charge changes caused by snowmelt are indicated
by sharp drops in Big Spring’s water temperature.
Surface-water runoff in the basin is generally
ephemeral in nature. After the rapid changes, the
discharge often remains at higher levels than pre-

Table 2. Annual summary of groundwater and
chemical discharge from the Big Spring basin to
the Turkey River for WY 1994. (Discharge data
are from the U.S. Geological Survey, Water
Resources Division.)

DISCHARGE

Total

acre-feet 31,266
millions cf 1,360
millions cm 38.6
Average

cfs 43.2
cms 1.22
mg/d 27.9
gpm 19,382

PRECIPITATION AND DISCHARGE

Precipitation 30.42 inches (773 mm)

Discharge 5.69 inches (145 mm)
Discharge as %
of precipitation 18.7%

NITRATE DISCHARGE
Concentration - mg/L As NO, As NO,-N

Flow-weighted mean 47.0 10.4
Mean of analyses 47.3 10.5

NO,-N output Total N output

Ibs - N 888,518 911,133
kg-N 402,956 413,212
Ibs - N/acre 13.5 13.8

ATRAZINE DISCHARGE
Concentration - yg/L

Flow-weighted mean 0.21
Mean of analyses 0.18

Total output

Ibs 17.8
kg 8.1
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vious to the event, and then slowly declines to pre-
event levels. During prolonged periods with insig-
nificant recharge, the discharge from Big Spring is
usually expressed on the hydrograph as long, nearly
flat lines, indicating a very gradual decline in flow
rates.

During WY 1994 at Big Spring, only a few days
had average daily discharges of more than 100 cfs.
The greatest daily discharges from Big Spring, 260
cfs and 298 cfs, occurred on February 19 and 20,
respectively. Discharge decreased to 116 cfs on
February 21, and then gradually declined to 45 cfs
in the following days. The period with the next
largest daily discharges, 149 cfs, 180 cfs, and 120
cfs, occurred during March 5, 6, and 7, respec-
tively. The period with the third largest set of daily
discharges at Big Spring, 131 cfs and 102 cfs,
occurredonJuly20and 21, respectively. Duringall
of these events, the discharge increased rapidly,
and then gradually decreased to pre-event levels
within a few days. Since there was no significant
precipitation during late February and early March,
and the discharge events coincided with rising
regional air temperatures, the two largest dis-
charges at Big Spring resulted from snowmelt. The
discharge event in late July followed two days of
relatively heavy rainfall, 0.89 inches on July 19 and
1.1 inches on July 20.

As mentioned before, the wettest month of WY
1994 was June, when 7.7 inches of precipitation
fell. The greatest rainfalls of the water year
occurred on June 23 and 24, and totalled 2.01 and
1.26 inches, respectively. Antecedentconditionsin
the basin were not conducive to significant runoff
at this time. Although the events generated the
second greatest daily discharge of the water year
for the Turkey River on June 24 (4,720 cfs; Fig. 4),
the discharge at Big Spring, 79 cfs, was only the
11th largest daily discharge during WY 1994. A
number of minor precipitation events occurred
during the remainder of the water year; they had
little effect on discharge rates.

Three recession periods can be recognized on
the discharge hydrograph. The first occurred from
October, 1993 through mid-February, 1994, with
daily discharge declining from 60 cfsto 26 cfs. The
second occurred from mid-March through mid-
June. Daily discharge declined from 78 cfs on

Table 3. Annual summary of water and chemical
discharge for the Turkey River at Garber for WY
1994. (Discharge dataare fromthe U.S. Geological
Survey, Water Resources Division.)

DISCHARGE

Total

acre-feet 719,000
millions cf 31,320
millions cm 887
Average

cfs 993
cms 28.1
mg/d 642
gpm 445,658

PRECIPITATION AND DISCHARGE

Precipitation 31.20 inches (792mm)

Discharge 8.73 inches (222mm)
Discharge as %
of precipitation 28.0%

NITRATE DISCHARGE

Concentration - mg/L As NO, As NO,-N

Flow-weighted mean 22.8 5.1
Mean of analyses 23.2 5.2

NO,-N output

Ibs-N 9,903,478 10,581,755
kg-N 4,491,373 4,798,982
|bs - N/acre 10.0 10.7

ATRAZINE DISCHARGE
Concentration - yg/L

Flow-weighted mean 0.41
Mean of analyses 0.31

Total output

lbs 803
kg 364

Total N output



Table 4. Monthly summary of groundwater discharge from the Big Spring basin for WY 1994.

1993 1994

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
TOTAL MONTHLY
DISCHARGE
Acre-feet 3,525 2,557 1,987 1,910 3,127 4,254 2645 2,100 2464 3,161 2,143 1,396
Cubic feet
(millions) 154 111 87 83 136 185 115 92 107 138 93 61
Gallons
(millions) 1,149 833 648 622 1,019 1,386 862 684 803 1,030 698 455
Cubic meters
(millions) 4.3 3.2 2.4 2.4 3.9 52 3.3 2.6 3.0 3.9 2.6 1.7
AVERAGE
DISCHARGE
cfs 57 43 32 31 56 69 45 34 4 51 35 23
cms 1.6 1.2 0.9 0.9 1.6 2.0 1.3 1.0 1.2 1.5 1.0 0.7
mg/d 37 28 21 20 36 45 29 22 27 33 22 15
MAXIMUM
cfs 63 50 38 33 298 180 50 40 79 131 54 31
cms 1.8 1.4 1.1 0.9 8.4 5.1 1.4 1.1 2.2 3.7 1.5 0.9
MINIMUM
cfs 49 35 26 26 26 46 39 29 29 38 24 22
cms 1.4 1.0 0.7 0.7 0.7 1.3 1.1 0.8 0.8 1.1 0.7 0.6

March 15 to 30 cfs on June 12. The third recession
period occurred from late August through Septem-
ber, with daily discharges remaining below 30 cfs.
The lowest daily discharges at Big Spring during
WY 1994 occurred in September and were about
22 cfs.

Table 4 summarizes the discharge data on a
monthly basis for Big Spring in WY 1994. The
greatest monthly discharge, 4,254 ac-ft, occurred in
March at an average daily discharge rate of 69 cfs.
The smallest monthly discharge, 1,396 ac-ft, wasin
September, a month with the third highest monthly
precipitation (4.21 inches, and 128% of normal) of
the water year. The average daily discharge for
September was 23 cfs. Other months with a total
discharge of less than 2,000 ac-ft were December,
1993 (1,987 ac-ft) and January, 1994 (1,910 ac-ft).
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For the Turkey River at Garber, the largest
monthly discharge during WY 1994, 126,500 ac-ft,
also occurred in March. The smallest monthly
surface-water discharge, 26,830 ac-ft, occurred in
January. The September discharge for the Turkey
River at Garber was 37,860 ac-ft, at an average
daily discharge rate of 636 cfs, which was 200 cfs
higher than the daily discharge rate for January.

Nitrate Monitoring

Tables2 and 5 summarize the nitrate monitoring
at Big Spring for WY 1994. In previous water
years, samples for both nitrate and full nitrogen
series (N-series; including nitrate-N, ammonia-N,
and organic-N) analyses were collected weekly
from Big Spring. Beginning in WY 1994, the



Table 5. Monthly summary ofnitrate-N discharged in groundwater from the Big Spring basin to the Turkey River;

WY 1994,

1993 1994

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Flow weighted
mean NO4
concentration,
in mg/L; 55 53 54 46 35 40 47 47 51 46 51 44
as NO;-N 12.3 11.7 12.0 10.3 7.9 8.9 10.5 10.5 11.4 10.3 11.3 9.7
Mean of NO4
analyses,
in mg/L; 60 54 54 46 44 41 47 47 43 37 49 44
as NO;-N 13.3 12.0 12.0 10.3 9.9 9.2 10.4 10.4 9.6 8.3 11.0 9.7
Total monthly
NO;-N output,
thousands lbs 117 81 65 53 67 103 75 60 76 88 66 37
Total monthly
NOs-N output,
thousands kg 53 37 29 24 30 47 34 27 35 40 30 17

sampling schedule was changed due to budget
constraints. Six samples collected from Big Spring
in October, November, and June were analyzed for
nitrate, eight samples collected in October through
early January were analyzed for the full nitrogen
series, and forty-four samples collected through the
water year were analyzed for partial nitrogen
series (nitrate-N and ammonia-N). In previous
years, the total nitrogen outputs for Big Spring and
the Turkey River were calculated by adding the
total nitrate-nitrogen output to the total ammonia-
and organic-nitrogen outputs, and the daily fw
mean and mean of analyses for nitrate concentra-
tions were estimated and computed based on weekly
nitrate data. Since the replacement of full N-series
analysis with partial N-series analysis, the total
nitrogen output from Big Spring for WY 1994 was
calculated by adding the total nitrate-nitrogen out-
puttototal ammonia- and organic-nitrogen outputs
for the period with full N-series analysis, and was
calculated for the remainder of the water year by
adding the total nitrate-nitrogen output to the total
ammonia-nitrogen output. The daily mean concen-
tration of nitrate in WY 1994 was estimated and

11

computed by the same procedure for those days
with nitrate data. For the remaining days, the daily
concentration of nitrate was estimated and com-
puted based on partial N-series data by multiplying
the nitrate-N analysis by 4.5. Since only six
samples from Big Spring were analyzed for nitrate
in WY 1994, the annual and monthly means of
analyses for nitrate concentrations were derived by
multiplying the nitrate-N concentrations from par-
tial N-series analysis by 4.5. Forthe Turkey River,
all samples were analyzed only for partial N-series
and nitrate during WY 1994. The total nitrogen
output was calculated by adding the total nitrate-
nitrogen to the total ammonia-nitrogen.

During WY 1994, 911 thousand pounds of
nitrogen (nitrate-, ammonia-, and organic-N) were
discharged by groundwater from the Big Spring
basin. Of'this, 889 thousand pounds, or 97%, were
in the form of nitrate-nitrogen. That amount is
equivalent to 13.5 pounds of nitrate-nitrogen per
acre (Ibs-N/acre) for the basin. The flow-weighted
(fw) mean nitrate concentration (mean concentra-
tion per unit volume of discharge) for the water
year was 47 mg/L. (milligrams per liter), or
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Figure 3. A) Atrazine and B) nitrate concentrations; and C) groundwater discharge at Big Spring for WY 1994.

10.4 mg/L as NO3-N. Water Year 1994 was the
first year that the annual total nitrate-nitrogen load
was less than one million pounds from the Big
Spring basin since WY 1990, and was the first year
that the fw mean nitrate concentration was below
50 mg/L since WY 1991.

Figure 3 shows the discharge hydrograph (C)
and the nitrate concentrations (B) for Big Spring
during WY 1994. Nitrate concentrations were
relatively high at the beginning of the water year,
with a concentration of 59 mg/L (13.0 mg/L as
NOs-N). By late October, the nitrate concentra-
tion increased to 63 mg/L (14.0 mg/L as NO3-N),
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the highest concentration recorded during the wa-
teryear. From early November to mid-January, the
nitrate concentration remained at 54 mg/L (12.0
mg/L as NOs3-N). Following gradually decreasing
discharge, the concentration declined to 45 mg/L
(10.0 mg/LL as NO3-N) in mid-February. As
mentioned before, the two greatest discharge events
of the water year at Big Spring occurred from late
February to early March due to snowmelt. The
greatest daily discharge, 298 cfs, occurred on
February 20. The nitrate concentration on Febru-
ary 21 decreased to 34 mg/L (7.5 mg/L as NO3-N),
and then increased to 45 mg/L (10.0 mg/L as NOs-
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IA Dist.)

N) one week later. The lowest nitrate concentra-
tion recorded at Big Spring during the water year,
29 mg/L (6.5 mg/L as NO3-N), occurred on March
8, following the second greatest discharge event
which occurred from March 5 through March 7.
One week later, the nitrate concentration increased
to 43 mg/L (9.5 mg/L. as NOs3-N), and then in-
creased to 50 mg/L (11.0 mg/L as NO3-N) by mid-
April. During the remainder of the water year,
nitrate concentrations fluctuated between 40 and
50 mg/L, except in mid-August when the nitrate
concentration increased to 59 mg/L (13.0 mg/L as
NO3-N).

Although several precipitation and discharge
events occurred during June and July, they did not
significantly affect the nitrate concentrations at Big
Spring. From mid-August to the end of the water
year, nitrate concentrations gradually decreased to
42 mg/L. (9.3 mg/L as NOs3-N). Based upon
previous reports, high nitrate concentrations usu-
ally occur a few days after discharge peaks.
During WY 1994, nitrate concentrations usually
decreased during significant discharge events, then
increased back to the pre-event levels, but did not
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show significant concentration peaks. The two
greatest nitrate concentrations, 63 mg/L on Octo-
ber 25 and 59 mg/L on August 16, did not result
from increased discharge events.

Table 5 summarizes the nitrate data for Big
Spring during WY 1994 on a monthly basis. The
highest monthly fw mean nitrate concentration, 55
mg/L (12.3 mg/L as NOs3-N), and the greatest
monthly nitrate-N output, 117,000 pounds, occurred
in October. The lowest monthly fw mean nitrate
concentration, 35 mg/L (7.9 mg/L as NOs3-N),
occurred in February, while the lowest monthly
nitrate-N output, 37,000 pounds, occurred in Sep-
tember. October accounted for 11.3% of the
annual groundwater discharge from Big Spring,
and 13.2% of the annual nitrate-N load, while
February accounted for 10% of the annual dis-
charge and 7.5% of the annual nitrate-N load. The
monthly fw mean nitrate concentration was below
the 45 mg/L (10.0 mg/L as NO3-N) drinking water
standard for nitrate in February, March, and Sep-
tember during WY 1994,

Figure 4 and tables 3 and 6 summarize the
surface-water discharge, and nitrate concentra-



Table 6. Monthly summary of nitrate-N discharged for the Turkey River at Garber; WY 1994.

1993 1994

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Flow-weighted
mean NO,
concentration,
in mg/L; 29 29 31 37 25 19 23 18 17 18 20 23
as NO4-N 6.5 6.4 6.8 8.1 5.7 4.2 5.1 4.0 3.7 4.1 4.5 5.1
Mean of NO4
analyses,
in mg/L; 28 29 27 25 32 23 23 17 15 17 19 24
as NO4s-N 6.2 6.5 6.0 5.6 7.1 5.1 5.1 3.8 3.3 3.9 4.3 5.4
Total monthly
NO;-N output,
thousands Ibs 1,318 878 651 584 981 1,449 851 468 638 1,017 548 521
Total monthly
NO;-N output,
thousands kg 598 398 295 265 445 657 386 212 289 461 249 236

tions and loads for the Turkey River for WY 1994.
During the water year, thirty-seven samples were
analyzed for nitrate, and thirteen samples were
analyzed for partial nitrogen series (nitrate-N and
ammonia-N). A total of 10.6 million pounds of
nitrogen were discharged by the Turkey River. Of
that, 9.9 million pounds, or 94% ofthe total nitrogen
discharged, were in the form of nitrate. This is
equivalent to 10.0 Ibs-N/acre for the Turkey River
basin above Garber. Since organic-nitrogen was
not analyzed for or used to calculate the total
nitrogen output for WY 1994, the total nitrogen
discharge for the Turkey River may be lower than
previous water year totals, and the nitrate-N ac-
counts for a higher percentage of the total nitrogen
discharge. The greatest total nitrogen discharge to
date from the Turkey River, 44.3 million pounds,
was recorded in WY 1993 (Rowden et al., 1995b).
The annual fw mean nitrate concentration for WY
1994, 22.8 mg/L (5.1 mg/L. as NO3-N), was the
third-lowest at the Turkey River during the period
of WYs 1984-1994. The lowest annual fw mean
concentration for nitrate, 11.9 mg/L (2.6 mg/L as
NO3-N), was recorded during WY 1989 (Libra et
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al., 1991), and the second-lowest, 16 mg/L. (3.6 mg/LL
as NO3-N), occurred in WY 1985 (Hallberg et al.,
1989).

Figure 4 shows the hydrographs and nitrate data
for Big Spring and the Turkey River at Garber. The
hydrographs are on a logarithmic scale. The trends
in both discharge and nitrate concentrations were
similar for Big Springand the Turkey River, except
for the responses to the precipitation events which
occurred in late June. As mentioned above, the
greatest precipitation events of the water year
which occurred on June 23 and 24, with a total of
3.27 inches of rainfall, did not generate significant
groundwater discharge or nitrate fluctuation at Big
Spring. At the Turkey River, however, the events
generated the second-greatest daily discharge of
the water year, 4,720 cfs, on June 24. The greatest
daily discharge, 5,920 cfs, occurred on March 6 due
to snowmelt. The nitrate concentration of the
Turkey River increased from 17 mg/L (3.8 mg/L as
NO3-N) on June 21 to 37 mg/L (8.1 mg/L as NOs-
N) on June 28, and then decreased to 18 mg/L (4.0
mg/L. as NOs3-N) on July 5. These short-term
changes in nitrate concentrations were generated



Table 7. Monthly summary ofatrazine discharged in groundwater from the Big Spring basin to the Turkey River;

WY 1994.

1993
Oct

1994

Nov Dec Jan

Feb

Mar Apr May Jun Jul Aug Sep

Flow-weighted
mean atrazine
concentration,

in ug/L 015 013 009

Mean of
atrazine
analyses,

in ug/L 0.15 0.13 0.09

Total monthly
atrazine output,

Ibs 14 0.93 0.51 0.57 1.7

Total monthly
atrazine output,

grams 644 422 232 260

0.20

0.12

778

0.15

0.13

0.04 0.21 0.44 0.62 0.14 0.12

0.08 0.25 0.42 0.45 0.13 0.12

1.7 0.25 1.2 2.9 5.3 0.80 0.46

771 115 539 1,329 2403 364 207

by changes in the recharge mechanisms which
discussed earlier: decreasing nitrate concentra-
tions for a short period (several days, at most)
during runoff recharge periods, followed by in-
creasing nitrate concentrations during the infiltra-
tion recharge periods that follow (Hallberg et al.,
1984a; Libraetal., 1984; Bakerand Johnson, 1981;
Hallbergetal., 1989; Libraetal., 1991; Rowden et
al., 1993a, Rowden et al., 1995b; Rowden, 1995).
Most other discharge and nitrate concentration
trends for both Big Spring and the Turkey River
also followed the changes in recharge mecha-
nisms. Differences in detail occur because of the
size difference between the systems, the larger
proportion of surface runoff water in the Turkey
River, and in-stream processes that affect surface
water (see Hallberg et al., 1983, 1984a).

Nitrate concentrations from the Turkey River
gradually increased from 28 mg/L. (6.2 mg/L as
NO3-N) in October to 37 mg/L (8.2 mg/L as NOs-
N) in early November. The concentrations then
decreased to 27 mg/L (6.0 mg/L. as NOs-N) and
remained at the relatively low concentration until
late December. On December 27, the nitrate
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concentration peaked for the water year at 38 mg/LL
(8.5 mg/LL as NOs-N). Nitrate concentrations
remained relatively high through January, and then
gradually declined to 12 mg/L. (2.7 mg/L. asNO3-N)
on March 8th because of increased discharge from
snowmelt. For the remainder of the water year,
nitrate concentrations generally fluctuated around
20 mg/L, with some short-term concentration and
discharge peaks caused by precipitation events.
The lowest nitrate concentration analyzed in the
water year, 11 mg/L (2.4 mg/L as NO3-N), was
sampled on May 24. In general, nitrate concentra-
tions from the Turkey River were relatively high
during the first four months of the water year.
Concentrations then decreased as did discharge,
from February through May. After a series of
recharge events in June and July, discharge and
nitrate concentrations both declined through the
remainder of the water year.

The monthly fw mean nitrate concentrations
and loads from the Turkey River are shown in
Table 6. All monthly fw mean concentrations for
nitrate remained well below the 45 mg/L (10 mg/L
as NOs-N) drinking water standard for nitrate
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Figure5. Bar graphs of pesticide concentrations
at Big Spring for WY 1994. ND represents not
detected.
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during WY 1994. The highest monthly fw mean
nitrate concentration, 37 mg/L (8.1 mg/L as NOs-
N), occurred in January. The fw mean nitrate
concentrations for all other months except Decem-
ber were lower than 30 mg/L.. The lowest monthly
fw mean nitrate concentration, 17 mg/L (3.7 mg/L
as NOs-N), occurred in June. Three other months
with fw mean nitrate concentrations less than 20
mg/L were March (19 mg/L), May (18 mg/L), and
July (18 mg/L). The greatest monthly N-load, 1,449
thousand pounds, occurred in March, and the small-
estN-load, 468 thousand pounds, occurred in May.
March accounted for 17.6% of the annual surface-
water discharge and 14.6% of the annual nitrate-N
load, while January accounted for 3.7% of the
annual surface-water discharge and 5.9% of the
annual nitrate-N load.

Pesticide Monitoring

Figures3,5,and 6 and tables 2 and 7 summarize
the results of pesticide monitoring at Big Spring for
WY 1994. Fifty-one samples from Big Spring were
analyzed for pesticides during the water year. A
total of 17.8 pounds of atrazine were discharged
from Big Spring at annual fw mean concentration
of 0.21 pg/L (micrograms per liter). This was the
third-lowest annual atrazine load and the second-
lowest annual fw mean concentration observed
during WYs 1983-1994. The two water years with
lower annual atrazine loads were 1987 (17.6 pounds)
and 1988 (9.2 pounds). The smallest annual fw
mean atrazine concentration, 0.13 pg/L, also oc-
curred in WY 1988 (Libra et al., 1991).

Figure 3 shows atrazine concentrations (A) and
the discharge hydrograph (C) for Big Spring. Atra-
zine concentrations were 0.14 pg/L in early Octo-
ber, and increased to 0.19 pg/L one week later.
Then, concentrations slowly declined to 0.10 pg/L
by mid-February. Corresponding to the discharge
peaks that resulted from snowmelt in late February
and early March, the atrazine concentrations in-
creased to 0.18 pg/L on February 21 and 0.17 pg/L
on March 8. During the water year, the late March
to early May period contained the lowest atrazine
concentrations. Atrazine concentrations remained
around 0.10 pg/L during the period, and were
below detectable levels (<0.10 pg/L) twice in
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Figure 6. A) Atrazine, desethyl atrazine and desisopropyl atrazine concentrations for Big Spring and B) the Turkey
River at Garber for WY 1994. ND represents not detected.

April. The mid-May to late July period had
relatively high atrazine concentrations. Most
samples collected in this period contained atrazine
concentrations greater than 0.20 pg/L, and the
greatest concentration of the water year, 1.30 pg/

17

L, occurred on July 25. Duringthe remainder of the
water year, atrazine concentrations from Big Spring
were relatively low, and gradually decreased from

0.14 pg/L in early August to 0.11 pg/L in late
September.



Table 8. Monthly summary of atrazine discharged for the Turkey River at Garber; WY 1994.

1993
Oct

1994

Nov Dec Jan

Feb

Mar Apr May Jun Jul Aug Sep

Flow-weighted
mean atrazine
concentration,

in ug/L 0.24 0.18 0.15 0.15

Mean of
atrazine
analyses,
in ug/L 0.21 0.15 0.16 0.07
Total monthly
atrazine output,
lbs 49.2

244 144

Total monthly
atrazine output,
kg 22.3

6.5 5.0

0.28

0.37

49.0

222

0.26 0.12 0.32 1.25 1.02 0.18 0.16

0.13 0.14 0.51 1.20 0.73 0.16 0.17

88.6 20.3 38.3 216 254 21.5 16.4

40.2 9.2 17.3 98.1 115.0 9.7 7.4

Table 7 summarizes fw mean atrazine concen-
trations and loads at Big Spring on a monthly basis
for WY 1994. During the water year, the greatest
monthly fw mean atrazine concentration, 0.62 pg/L,
and the largest monthly atrazine load, 5.3 pounds,
occurred in July. April had the lowest monthly fw
mean atrazine concentration at 0.04 pg/L, which is
the lowest monthly fw mean atrazine concentration
for Big Spring since WY 1984. The previous low,
0.06 pg/L, occurred in November and August of
WY 1988 (Libraetal., 1991). The smallestmonthly
atrazine load for WY 1994, 0.25 pounds, also
occurred in April, and was the second-smallest
monthly atrazine load since WY 1984. The small-
est monthly atrazine load, 0.20 pounds, was re-
corded in August of WY 1988 and December of
WY 1989 (Libra et al., 1991).

Figure 5 summarizes the detection and concen-
trations of atrazine, cyanazine, alachlor, and
metolachlor on a logarithmic scale. The occur-
rence of non-detection of pesticides is indicated by
concentration bars ending at “ND”. The detection
criterion for pesticides is 0.10 pg/L, although the
detection limit may be increased to 0.20 pg/L,
depending on the quantity of water sampled and lab
variations. Among the fifty-one samples collected
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from Big Spring during the water year, forty-eight
samples, or 94%, contained detectable levels of
atrazine; one sample, or 2%, contained detectable
levels of cyanazine; two samples, or 4%, contained
detectable levels of alachlor; and five samples, or
10%, contained detectable levels of metolachlor.
The only samplethat contained detectable cyanazine,
at 0.14 pg/L, was collected on May 31. The
greatest concentrations of atrazine (1.30 pg/L),
alachlor (2.10 pg/L) and metolachlor (2.30 pg/L)
were detected from the sample collected on July
25. All of the samples with detectable levels of
cyanazine, alachlor, and metolachlor were col-
lected from mid-May to late July, the period with
the greatest atrazine concentrations.

The atrazine data for the Turkey River in WY
1994 are summarized in Figure 6 (B) and tables 3
and 8. During the water year, twelve samples from
the Turkey River were analyzed for pesticides. A
total of 803 pounds of atrazine, at annual fw mean
concentration of 0.41 pg/L, was discharged by the
river. This was the fourth-smallest annual atrazine
load, and the third-lowest annual fw mean atrazine
concentration observed at the Turkey River during
the WY 1986-1994 period of record. The smallest
annual atrazine load, 407.1 pounds, wasrecorded in



WY 1988 (Libraetal., 1991), and the lowest annual
fw mean concentration of atrazine, 0.25 pg/L,
occurred during WY 1992 (Rowden et al., 1995b).

Table 8 summarizes the fw mean atrazine
concentrations and loads on amonthly basis for the
Turkey River for WY 1994. The greatest monthly
fw mean atrazine concentration, 1.25 pg/L, oc-
curred in June, and the greatest monthly atrazine
load, 254 pounds, occurred in July. July accounted
for 31.6% of the annual atrazine load and 12.7% of
the annual surface-water discharge. The lowest
monthly fw mean atrazine concentration, 0.12 pg/L,
was recorded in April, and the smallest monthly
atrazine load, 11.1 pounds, occurred in January.
The lowest monthly fw mean atrazine concentra-
tion during the wateryear, 0.12 pg/L, was the sixth-
lowest for the Turkey River since WY 1986. All
other monthly concentrations lowerthan 0.12 pg/L
occurred in WYs 1988 and 1989 (Libra et al.,
1991).

All 12 samples collected from the Turkey River
during WY 1994 contained detectable levels of
atrazine. Concentrations ranged from 0.13 pg/L to
1.20 pg/L. The sample with the greatest atrazine
concentration, 1.20 pg/L, was collected on June 28.
The sample with the lowest atrazine concentration,
0.13 pg/L, was collected on March 28. Of the 12
samples, two samples, or 17%, contained detect-
able levels of cyanazine; two samples (also 17%)
contained detectable levels of alachlor; and four
samples, or 33%, contained detectable levels of
metolachlor.

Other pesticides analyzed for at both Big Spring
and the Turkey River during the water year in-
cluded fonofos, butylate, trifluralin, metribuzin,
acetochlor, and the atrazine metabolites desethyl
atrazine and desisopropyl atrazine. Three samples
from Big Spring collected in October were ana-
lyzed for fonofos. None of the samples contained
detectable levels (0.10 pg/L) of fonofos. Butylate,
trifluralin, and metribuzin were analyzed through
the water year. All samples analyzed were below
detectable concentrations (0.10 pg/L). Acetochlor
was added to the list of analytes in late August,
1994. By the end of the water year, six samples
from Big Spring and two samples from the Turkey
River were analyzed; none contained detectable
concentration of acetochlor.
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Forty-three samples from Big Spring and ten
samples from the Turkey River were analyzed for
desisopropyl atrazine. None of these samples
contained detectable concentrations of desisopropyl
atrazine. Fifty-one samples collected from Big
Spring in WY 1994 were analyzed for desethyl
atrazine. Fifty, or 98%, contained detectable con-
centrations of desethyl atrazine. The sample with
the greatest desethyl atrazine concentration, 0.32
pg/L, was collected on June 28. The only sample
with no detection of desethyl atrazine concentra-
tion was collected on May 10. All twelve samples
collected from the Turkey River during WY 1994
contained detectable levels of desethyl atrazine.
The greatest desethyl atrazine concentration
sampled at the Turkey River, 0.54 pg/L, also
occurred on June 28.

Both desethyl atrazine and desisopropyl atra-
zine are metabolites of atrazine. Research has
shown that desethyl atrazine is the more stable and
dominant initial degradation product. Atrazine can
be degraded by either biotic or abiotic processes.
Kolpinand Kalkhoff(1993) studied the concentra-
tions of atrazine, desethyl atrazine, and desisopropyl
atrazine in surface water of Roberts Creek in the
Big Spring basin and suggested that abiotic degra-
dation processes may be occurring in the stream.
Figure 6 shows aplot ofatrazine, desethyl atrazine,
and desisopropyl atrazine for both Big Spring and
the Turkey River during WY 1994. Two aspects of
this plot may provide some insights about atrazine
degradation. First, the concentration trends for
desethyl atrazine were very similar to atrazine,
indicating atrazine degradation processes occurred
inthe study area. Second, the atrazine degradation
probably resulted from abiotic activity since desethyl
atrazine occurred in both groundwater at Big Spring
and surface water of the Turkey River. Figure 6
also indicates that atrazine and desethyl atrazine
concentrations were similar, except duringrainfall-
generated runoff periods in late summer, when
atrazine concentrations were notably higher.



Table 9. Annual summary of groundwater and
chemical discharge from the Big Spring basin to
the Turkey River for WY 1995. (Discharge data
are from the U.S. Geological Survey, Water
Resources Division.)

DISCHARGE

Total

acre-feet 30,013
millions cf 1,306
millions cm 37.0
Average

cfs 41.5
cms 1.17
mg/d 26.8
apm 18,605

PRECIPITATION AND DISCHARGE

Precipitation
Discharge
Discharge as %
of precipitation

29.28 inches (744 mm)
5.46 inches (139 mm)

18.7%

NITRATE DISCHARGE

Concentration - mg/L As NO, As NO,-N
Flow-weighted mean 45.3 10.1
Mean of analyses 44.4 9.9

NO,-N output Total N output

Ibs - N 822,569 826,212
kg -N 373,047 374,699
Ibs - N/acre 12.5 12.5

ATRAZINE DISCHARGE

Concentration - ug/L

Flow-weighted mean 0.12
Mean of analyses 0.11
Total output

Ibs 9.8
kg 4.4
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Water Year 1995
Discharge Monitoring

Tables 9 through 15 and figures 7 through 11
summarize the discharge, climatic, water quality,
and chemical loading data for Big Spring and the
Turkey River for WY 1995.

The annual groundwater discharge from the
Big Spring basin was 30,013 ac-ft, at an average
daily discharge rate of 41.5 cfs. This is 52% of'the
greatest annual discharge from the basin, 58,186
ac-ft, recorded in WY 1993. The annual precipita-
tion in the basin for WY 1995, 29.28 inches (744
mm), was the third lowest annual precipitation
since the monitoring project began in WY 1982.
The groundwater discharge was equivalentto 18.7%
of precipitation during the water year, the same
discharge/precipitation ratio as was recorded in
WY 1994.

Figure 7 shows the discharge hydrograph (A)
and water temperature (B) for Big Spring, along
with daily precipitation in the basin (C) and daily
maximum/minimum air temperature (D) recorded
by the Elkader weather observation station for WY
1995. Figure 8 shows the discharge hydrograph
(C),along with nitrate (B) and atrazine (A) concen-
trations in the Big Spring groundwater. During WY
1995, mean daily discharge from Big Spring re-
mained below 25 cfs from October through mid-
November. Responding to precipitation on No-
vember 20 (0.48 inches) and 21 (0.67 inches),
discharge rose to 35 cfs on November 22 and to 40
cfs on November 23, then declined to below 25 cfs
in late November. This low groundwater discharge
continued through most of February, appearing as
aflat line on the hydrograph. Two discharge peaks
occurred in late February and mid-March, respec-
tively. The daily discharge was 52 cfs on February
20 and 83 cfson March 11. February was the driest
month of the water year, with monthly precipitation
of only 0.03 inches (1.05 mm). The discharge
peaks that occurred in February and March re-
sulted from snowmelt. Although maximum air
temperatures remained above 60°F in the area
during mid-March, discharge at Big Spring declined
through early April since all the snow had melted.
After several rainfalls in early April, including the
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Figure 7. A) Groundwater discharge, B) groundwater temperature and C) daily precipitation for the Big Spring
basin; and D) maximum-minimum temperatures for Elkader, IA (Iowa Dept. of Ag. and Land Stewardship, State
Climatology Office), for WY 1995.
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Table 10. Monthly summary of groundwater discharge from the Big Spring basin for WY 1995.

1994 1995

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
TOTAL MONTHLY
DISCHARGE
Acre-feet 1,480 1,525 1,609 1,584 1,593 2,120 4,797 5,077 3,720 2,636 1,984 1,889
Cubic feet
(millions) 64 66 70 69 69 92 209 221 162 115 86 82
Gallons
(millions) 482 497 524 516 519 691 1,563 1,655 1,212 859 647 616
Cubic meters
(millions) 1.8 1.9 2.0 2.0 2.0 2.6 59 6.3 4.6 3.3 2.4 2.3
AVERAGE
DISCHARGE
cfs 24 26 26 26 29 34 81 83 63 43 32 32
cms 0.7 0.7 0.7 0.7 0.8 1.0 2.3 2.3 1.8 1.2 0.9 0.9
mg/d 16 17 17 17 19 22 52 53 40 28 21 21
MAXIMUM
cfs 27 46 27 29 59 95 157 98 81 49 42 40
cms 0.8 1.3 0.8 0.8 1.7 2.7 4.5 2.8 2.3 1.4 1.2 1.1
MINIMUM
cfs 21 22 25 24 22 26 29 71 48 27 27 27
cms 0.6 0.6 0.7 0.7 0.6 0.7 0.8 20 1.4 0.8 0.8 0.8

second largest precipitation event of the water year
(0.91 inches on April 11), Big Spring’s daily dis-
charge increased to 138 cfs on April 12. This was
the highest average daily discharge in WY 1995.
The daily discharge remained above 100 cfs through
April 15, and then gradually declined to 60 cfs by
early May. Precipitation was above normal in the
basin from early May through mid-May, and in-
cluded the water year’s fourth greatest rainfall,
0.83 inches on May 8. Respondingto precipitation,
discharge at Big Spring rose to 86 cfs on May 13.
On May 28, the third greatest daily precipitation of
WY 1995, 0.87 inches, occurred in the basin, and
caused the last discharge peak (79 cfs) on the Big
Spring hydrograph. After this, discharge at Big
Spring declined to 25 cfs in late July, and remained
relatively low through the rest of the water year.
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The water year’s greatest daily precipitation, 1.21
inches, occurred on August 30. However, itdid not
cause significant runoff in this area. Average
discharge at Big Spring on that day was 37 cfs.
Table 10 summarizes the groundwater dis-
charge data from Big Spring for WY 1995 on a
monthly basis. Although May had near normal
precipitation (3.99 inches), Big Spring had its great-
est monthly discharge, 5,077 ac-ft, during this
month, at an average daily discharge rate of 83 cfs.
The discharge for May accounted for 16.9% of the
annual discharge. Augusthad the greatest monthly
precipitation, 4.84 inches, in the Big Spring basin in
WY 1995. But the monthly discharge during
August, 1,984 ac-ft, was significantly less than
monthly discharges for March through July. This
may have resulted from evapotranspiration during



the growing season. The smallest monthly dis-
charge from Big Spring, 1,480 ac-ft, occurred in
October, at an average daily discharge rate of 24
cfs. All months except March through July had
monthly discharges less than 2,000 ac-ft during
WY 1995.

For the Turkey River at Garber, the discharge
hydrograph was very similar to Big Spring during
WY 1995 (Fig. 9B). The annual surface water
discharge from the Turkey River at Garber was
about 729,000 ac-ft, at an average daily discharge
of 1,007 cfs (Table 11). This amount is slightly
greater than WY 1994, and equates to 35% of the
greatest annual discharge recorded in WY 1993
(Rowden et al., 1995). The annual precipitation in
the basin was 30 inches (764 mm). Surface-water
discharge was equal to 29.4% ofthe annual precipi-
tation, and was 102% of the long-term average
annual discharge. On amonthly basis, April had the
greatest total discharge, 147,500 ac-ft, at a mean
daily discharge rate of 2,478 cfs. The smallest
monthly discharge, 23,230 ac-ft, occurred in Febru-
ary, with an average daily discharge rate of 418 cfs.
The maximum daily discharge of the Turkey River
at Garber, 4,850 cfs, occurred on April 13, which
resulted from frequent precipitation events in the
Turkey River basin. The minimum daily discharge,
280 cfs, occurred on January 24.

Nitrate Monitoring

During Water Year 1995, fifty-two samples of
Big Spring groundwater were analyzed for partial
nitrogen series (nitrate-N and ammonia-N). Since
nitrate samples were not taken at Big Spring during
WY 1995, the daily nitrate concentration was
estimated and computed based on weekly nitrate-
N concentration data. Both the fw mean and mean
ofanalyses for nitrate concentrations were derived
by multiplying the nitrate-N concentrations by 4.5.
Beginning in WY 1995, the total nitrogen output
from Big Spring was calculated by adding the total
nitrate-N output to the total ammonia-N output;
organic-N wasnotincluded. Forthe Turkey River,
only nitrate samples were collected during WY
1995. Thus, both organic- and ammonia-N can not
be calculated for the annual total nitrogen output
from the Turkey River for this water year.
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Table 11. Annual summary of water and chemical
discharge for the Turkey River at Garber for WY
1995. (Discharge dataare fromthe U.S. Geological
Survey, Water Resources Division.)

DISCHARGE

Total

acre-feet 729,000
millions cf 31,712
millions cm 899
Average

cfs 1,007
cms 28.5
mg/d 651
gpm 451,928

PRECIPITATION AND DISCHARGE

Precipitation
Discharge
Discharge as %
of precipitation

30.07 inches (764 mm)
8.85 inches (225 mm)

29.4%

NITRATE DISCHARGE

Concentration - mg/L As NO, As NO,-N
Flow-weighted mean 30.1 6.7
Mean of analyses 28.8 6.4

NO,-N output

Ibs - N 13,253,486 NA
kg-N 6,010,651 NA
Ibs - N/acre 13.4 NA
ATRAZINE DISCHARGE

Concentration - pyg/L

Flow-weighted mean 0.42
Mean of analyses 0.43

Total output

Ibs 841
kg 382

Total N output
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Figure 8. A) Atrazine and B) nitrate concentrations; and C) groundwater discharge at Big Spring for WY 1995.

Annual nitrate discharge from Big Spring is
summarized in Table 9. A total of 826,212 pounds
of nitrogen were discharged from the basin. Of
this, 822,569 pounds, or 99.6%, of the nitrogen
discharged were in the form of nitrate. The amount
isequivalentto 12.5 Ibs-N/acre for the basin and is
the smallest annual nitrate-nitrogen discharge from
Big Spring since WY 1991. The annual fw mean
nitrate concentration for WY 1995 was 45.3 mg/L
(10.1 mg/L as NO3-N). The annual mean concen-
tration of analyses for nitrate was 44.4 mg/L (9.9
mg/L as NO3-N) for the water year. At Big Spring,
all of the annual mean concentrations of analyses
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for nitrate were below the 45 mg/L (10.0 mg/L as
NOs-N) drinking water standard from WY 1982
through WY 1990 except for WY 1983. During
WY 1991, the annual mean concentration of analy-
ses for nitrate increased to 49.1 mg/L (10.9 mg/L
as NOs-N), and continued to increase to 54.0 mg/LL
(12.0 mg/L as NO3-N) in WY 1993. The concen-
tration declined to 47.3 mg/L (10.5 mg/L as NOs-
N)in WY 1994. The 44.4 mg/L (9.9 mg/L as NOs-
N) concentration for WY 1995 was the lowest
annual mean concentration of analyses for nitrate
since WY 1991.

Figure 8 shows the discharge hydrograph (C)



Table 12. Monthly summary ofnitrate-N discharged in groundwater from the Big Spring basin to the Turkey River;

WY 1995.

1994 1995

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Flow weighted
mean NO4
concentration,
in mg/L; 43 42 44 42 4 33 49 52 50 45 43 39
as NOg-N 9.5 9.4 9.8 9.4 9.0 7.3 10.8 1.5 11.2 10.0 95 8.6
Mean of NO4
analyses,
in mg/L; 34 42 44 56 40 36 50 52 51 45 42 38
as NOg-N 75 9.4 9.9 12.4 8.8 8.0 11.0 11.6 11.3 10.1 9.4 8.5
Total monthly
NO;-N output,
thousands Ibs 38 39 43 41 39 42 141 159 113 72 51 44
Total monthly
NO;-N output,
thousands kg 17 18 20 18 18 19 64 72 51 33 23 20

and the nitrate concentrations (B) for Big Spring
groundwater during WY 1995. Nitrate concentra-
tions were relatively stable during the first five
months of the water year, with concentrations
remaining around 45 mg/L (10.0 mg/L as NOs-N).
On February 27, nitrate concentration declined to
the lowest level, 30 mg/L (6.7 mg/L. as NO3-N), for
WY 1995. The low nitrate concentrations contin-
ued through early April. From mid-April through
early July, nitrate concentrations at Big Spring
increased and remained above 45 mg/L (10.0 mg/L
as NOs3-N). The highest concentration recorded
during the water year, 59 mg/L (13.0 mg/L as NO3-
N), occurred on May 2 and June 6. During the
remainder of the water year, nitrate concentrations
declined, with most concentrations below 45 mg/L
(10.0 mg/L as NOs3-N).

Table 12 summarizes the nitrate data for Big
Springduring WY 1995 onamonthly basis. Monthly
fw mean nitrate concentrations exceeded the 45
mg/L (10.0 mg/L as NO3-N) drinking water stan-
dard for nitrate from April through June. The
highest monthly fw mean nitrate concentration
during the water year, 52 mg/L (11.5 mg/L as
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NO3-N), occurred in May. The lowest monthly fw
mean nitrate concentration, 33 mg/L (7.3 mg/L as
NOs-N), occurred in March. Three months, April,
May, and June, had total monthly nitrate-N outputs
of more than 100,000 pounds. The month with the
greatest nitrate-N output, 159,000 pounds, was
May, the month with the greatest groundwater
discharge. The lowest monthly nitrate-N output,
38,000 pounds, occurred in October, the month with
the smallest monthly groundwater discharge during
the water year. May accounted for 19.3% of the
annual nitrate-N load and 16.9% of the annual
groundwater discharge at Big Spring.

For the Turkey River, fifty-two samples were
analyzed for nitrate during Water Year 1995.
Annual nitrate discharge from the Turkey River at
Garber is summarized in Table 11. A total of
13,253,486 pounds of nitrate-nitrogen were dis-
charged by the river. This amount is equivalent to
13.4 Ibs-N/acre for the Turkey River basin, and is
the second smallest annual nitrate-nitrogen dis-
charge from the Turkey Riversince WY 1991. The
annual fw mean nitrate concentration was 30.1 mg/L
(6.7 mg/LL as NOs-N), and the annual mean of
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Figure9. A)Nitrate concentrations and B) discharge hydrographs for Big Spring (bold lines) and the Turkey River
at Garber (lighter lines) for WY 1995. (Turkey River discharge data are from the U.S. Geological Survey, W.R.D.,

IA Dist.)

analyses was 28.8 mg/L (6.4 mg/L. as NO3-N) for
WY 1995.

The lighter line of Figure 9 (A) shows nitrate
concentrations for the Turkey River during Water
Year 1995. The concentration trends were similar
to those of the Big Spring groundwater shown by
the bold line of Figure 9 (A). From October through
December, nitrate concentrations in the Turkey
River were relatively low, with most concentra-
tions below 30 mg/L (6.7 mg/L. as NOs-N). Nitrate
concentrations increased from early January through
mid-February, and rose to 39 mg/L (8.7 mg/L as
NO3-N) on February 14. Responding to discharge
variations, nitrate concentrations fluctuated signifi-
cantly from late February to late April. On March
14, the concentration decreased to 10 mg/L (2.2
mg/L as NO3-N), which was the lowest concentra-
tion recorded from the Turkey River during WY
1995. This occurred one day after arelatively high
discharge peak, 3,640 cfs, of the Turkey River.
Following this, nitrate concentrations increased
gradually. The highest nitrate concentration re-
corded during the wateryear, 41 mg/L (9.1 mg/L as
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NO3s-N), occurred on April 18 and 24, a few days
after the largest daily discharge, 4,850 cfs, of the
water year. After the peaks, the nitrate concentra-
tion of the Turkey River slowly declined to 13 mg/LL
(2.9 mg/LL as NO3-N) by the end of August. In
September, the nitrate concentration increased
again, but remained below 35 mg/L (7.8 mg/L as
NO3-N).

The monthly summary of nitrate-N discharge
forthe Turkey Riverin WY 1995 is shown in Table
13. Allmonthly fw means of nitrate were below the
45 mg/L (10.0 mg/L as NOs3-N) drinking water
standard for nitrate during WY 1995. The greatest
monthly fw mean nitrate concentration, 36 mg/L
(8.1 mg/L. as NOs3-N), and the greatest monthly
nitrate-N output, 3.25 million pounds, occurred in
April. April accounted for 20.2% of the annual
surface-water discharge and 24.5% of the annual
nitrate-N output. The lowest monthly fw mean
nitrate concentration, 17 mg/L (3.7 mg/L as NOs-
N), occurred in August, and September recorded
the smallest monthly total nitrate-N output, 395,000
pounds, for the Turkey River in WY 1995.



Table 13. Monthly summary of nitrate-N discharged for the Turkey River at Garber; WY 1995.

1994 1995

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Flow-weighted
mean NO4
concentration,
in mg/L,; 25 30 30 34 30 23 36 35 32 25 17 26
as NO;-N 5.7 6.7 6.6 7.6 6.8 5.1 8.1 7.7 7.0 55 3.7 5.8
Mean of NO,
analyses,
in mg/L; 27 30 29 34 28 25 37 36 30 26 17 28
as NOs-N 5.9 6.7 6.5 7.6 6.3 55 8.2 7.9 6.6 5.8 3.7 6.1
Total monthly
NO;-N output,
thousands Ibs 773 758 813 570 427 1,182 3,250 2,454 1525 710 399 395
Total monthly
NO4-N output,
thousands kg 350 344 369 258 194 536 1,474 1,113 691 322 181 179

Pesticide Monitoring

Pesticide monitoring results at Big Spring for
WY 1995 are summarized in figures 8(A) and 10
and tables 9 and 14. Fifty-two samples from Big
Spring groundwater were analyzed for pesticides
during WY 1995. A total 0of 9.8 pounds of atrazine
were discharged by Big Spring groundwater during
this water year. This was the second-lowest annual
atrazine load since WY 1982. The lowest annual
atrazine load, 9.2 pounds, occurred in WY 1988
(Libra et al., 1991). The annual fw mean atrazine
concentration was 0.12 pg/L for WY 1995. This
was the smallest annual fw mean atrazine concen-
tration observed since the monitoring beganin WY
1982.

Figure 8(A) shows atrazine concentration trends
at Big Spring during WY 1995. The atrazine
concentration was 0.13 pg/L in early October, and
declined to 0.10 pg/L two weeks later. The
relatively low concentrations continued through
mid-February. Responding to discharge events
from snowmelt in late February and mid-March,
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the atrazine concentration increased to 0.14 pg/L
on February 21 and 0.15 pg/L on March 14. From
late March through early May, atrazine concentra-
tions remained low at Big Spring. Most atrazine
concentrations were below detectable levels (<
0.10 pg/L) during this period, even though the
greatest groundwater discharge of the water year
occurred at Big Spring in mid-April. Followingthis,
atrazine concentrations at Big Spring increased.
From mid-May through September, all samples,
except the one collected on May 23, contained
detectable atrazine concentrations. The greatest
atrazine concentration of the water year, 1.30 pg/L,
occurred on May 30. The second-greatest atrazine
concentration, 0.26 ng/L, occurred on August 1.
By the end of the water year, atrazine concen-
trations at Big Spring decreased to 0.10 pg/L
again.

Table 14 summarizes fw mean atrazine con-
centrations and loads at Big Spring on a monthly
basis. The monthly fw mean atrazine concentra-
tions were relatively low compared with previous
years. Concentrations were below 0.10 pg/L
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Figure 10. Bar graphs of pesticide
concentrations at Big Spring for WY 1995. ND
represents not detected.
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duringNovember, and from January through April.
The smallest monthly fw mean atrazine concentra-
tion, 0.04 ng/L, occurred in January and April. This
equaled the previous lowest monthly fw mean
atrazine concentration, which occurred in April of
1994. All monthly atrazine loads, except for May
and June, were less than 1.0 pound during WY
1995. January had the smallest monthly atrazine
load, 0.17 pound. This was the lowest monthly
atrazine load at Big Spring since WY 1984. The
greatest fw mean atrazine concentration, 0.22 pg/L,
occurred in June. June was the only month with a
fw mean atrazine concentration higher than 0.20
pg/L during WY 1995. May had the greatest
monthly atrazine load, 2.6 pounds, during the water
year.

Figure 10 summarizes the detections and con-
centrations of atrazine, cyanazine, alachlor, and
metolachlor on a logarithmic scale. Among the
fifty-two samples collected from Big Spring during
the water year, thirty-nine samples, or 75%, con-
tained detectable levels of atrazine (> 0.10 pg/L).
Two samples, or 3.8%, had detectable levels of
cyanazine. Those were collected on February 21
(0.12 pg/L) and May 30 (0.11 pg/L), respectively.
Alachlor was also detected in two samples during
the water year: one was collected on May 30 (0.23
pg/L) and the other was collected on August 1
(0.25 pg/L). Three samples, or 5.8%, contained
detectable levels of metolachlor. They were col-
lected on May 16 (0.11 pg/L), May 30 (0.38 pg/L),
and August 1 (0.11 pg/L).

Figure 11 (B) and Tables 11 and 15 summarize
atrazine data from the Turkey River in WY 1995.
During the water year, twelve samples from the
river were analyzed for pesticides. An estimated
841 pounds of atrazine, at an annual fw mean
concentration of 0.42 ng/L, were discharged by the
river in WY 1995. Although the fw mean concen-
trations and loads for atrazine were slightly higher
than those recorded in WY 1994, both were still
relatively low historically. Table 15 summarizesthe
atrazine concentrations and loads on a monthly
basis for the Turkey River in WY 1995. The
highest monthly fw mean atrazine concentration,
1.62 pg/L, and the greatest monthly atrazine load,
351 pounds, occurred in June. June accounted for
42% of the annual atrazine load and 11% of the



Table 14. Monthly summary of atrazine discharged in groundwater from the Big Spring basin to the Turkey River;

WY 1995.

1994
Oct

1995

Nov Dec Jan

Feb

Mar Apr May Jun Jul Aug Sep

Flow-weighted
mean atrazine
concentration,

in ug/L 0.11 0.06 0.10 0.04

Mean of
atrazine
analyses,

in ug/L 0.11 0.06 0.11 0.04

Total monthly
atrazine output,

Ibs 0.45 0.26 0.45 0.17

Total monthly
atrazine output,

grams 202 119 203 75 161

0.08

0.09

0.35

0.09 0.04 0.19 0.22 0.11 0.15 0.11

0.06 0.03 0.32 0.15 0.11 0.16 0.11

054 0.56 2.6 22 0.81 0.80 055

245 252 1,188 993 367 363 252

annual surface-water discharge. April accounted
for more than 20% of the annual surface-water
discharge and only 6% of the annual atrazine load.
The lowest monthly fw mean atrazine concentra-
tion, 0.11 pg/L, occurred in December, and the
lowest monthly atrazine load, 7.8 pounds, occurred
in February. The fw mean atrazine concentration
for December was the fifth-lowest monthly atra-
zine concentration from the Turkey River since
WY 1986. Four other months with fw mean
atrazine concentrations less than 0.10 pg/L. were
recorded in WYs 1988 and 1989 (Libra et al.,
1991).

All of the twelve samples collected from the
Turkey River in WY 1995 contained detectable
levels of atrazine. The concentrations varied from
0.10 pg/L to 2.40 pg/L.. The sample with the
highest atrazine concentration, 2.40 pg/L, was
collected on May 30. The sample with the second-
highest atrazine concentration, 1.40 pg/L, was
collected on June 27. Two samples, or 17%,
contained detectable concentrations of cyanazine
and alachlor; these samples were also collected on
May 30 and June 27. The cyanazine concentra-
tions were 1.0 pg/L and 0.13 pg/L, and the alachlor
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concentrations were 0.41 pg/LL and 0.14 pg/L,
respectively. Three samples, or 25%, contained
detectable levels of metolachlor. They were col-
lected on February 27 (0.67 png/L), May 30 (0.38
pg/L), and June 27 (0.18 pg/L).

Other pesticides analyzed for at Big Spring and
the Turkey River in WY 1995 include acetochlor,
butylate, trifluralin, metribuzin, desethyl atrazine,
and desisopropyl atrazine. All samples collected
from both Big Spring and the Turkey River were
below detectable concentrations (<0.10 pg/L) for
butylate, trifluralin, and metribuzin. One sample, or
2%, collected from Big Spring on May 30 contained
acetochlor at a concentration of 0.60 pg/L. Two
samples, or 17%, collected from the Turkey River
on May 30 and June 27, contained acetochlor at
concentrations of 1.30 pg/L. and 0.38 pg/L, respec-
tively. The concentrations of desethyl atrazine and
desisopropyl atrazine are shown on Figure 11. The
concentrations of desisopropyl atrazine were be-
low detectable levels for all the samples collected
from both Big Spring and the Turkey River. Forty-
six samples, or 89%, from Big Spring contained
detectable levels (>0.10 png/L) of desethyl atrazine.
The highest desethyl atrazine concentration, 0.18
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pg/L, occurred on February 7, March 7, and May
30. All twelve samples collected from the
Turkey River had detectable concentrations of
desethyl atrazine. Concentrations ranged from
0.11 pg/L to 0.30 pg/L. The sample with the
greatest concentration of desethyl atrazine, 0.30
pg/L, was collected on October 25. Two other
samples from the Turkey River with desethyl
atrazine concentrations greater than 0.20 pg/L
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were collected on May 30 (0.28 pg/L)and June 27
(0.27 pg/L).

DISCUSSION

It has been recognized that groundwater dis-
charge and water quality in a given basin can be
affected by many factors, such as precipitation
volume and pattern, groundwater storage, and



Table 15. Monthly summary of atrazine discharged for the Turkey River at Garber; WY 1995.

1994
Oct

1995

Nov Dec Jan

Feb

Mar Apr May Jun Jul Aug Sep

Flow-weighted
mean atrazine
concentration,

in ug/L 017 043 041 0.12

Mean of
atrazine
analyses,

in ug/L 0.18 0.11 0.12 0.12

Total monthly
atrazine output,

Ibs 23.8 14.7 13.9 9.1 7.8

Total monthly
atrazine output,

kg 10.8 6.7 6.3 4.1 3.6

0.12

0.14

0.13

0.10

30.1

0.12 0.75 1.62 0.59 0.17 0.12

0.12 2.4 0.18 0.16 0.11

50.2 238 351 76.9 18.5 8.0

136 227 108 159 34.9 8.4 3.6

biotic/abiotic degradation. Forthe Big Spring basin,
previous studies have shown that precipitation
volumes and patterns have varied significantly
through the years (e.g., Rowden et al., 1995a, b).
Following WY 1993, the second-wettest year since
WY 1982, WYs 1994 and 1995 were relatively dry.
Precipitation was 30.42 inches for WY 1994 and
29.28 inches for WY 1995 (Table 1), and these
totals were 92% and 89% of the normal annual
precipitation of 32.97 inches, respectively. As a
result, the two-year period became the second-
driest period after the driest period of WY's 1988
and 1989 since the monitoring project started.
Because most precipitation during WY's 1994 and
1995 occurred in growing seasons with high evapo-
transpiration rate, mostrainfall events did not result
insignificantrunoffin the basin exceptin mid-April
of 1995. Snowmelt in the early spring played a
major role in generating discharge events at Big
Spring in February and early March for both WY's
1994 and 1995.

Although WY's 1994 and 1995 were relatively
dry, annual groundwater discharges from Big Spring
were near the annual average, 31,897 ac-ft, for the
period of record. Annual discharges at Big spring
for WY's 1994 and 1995 were not only greater than
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the annual discharges of the driest WY's 1988 and
1989, but also greater than the annual discharges
for WYs 1985, 1986, 1987, and 1990, when the
annual precipitation totals were significantly greater
than those of WY's 1994 and 1995 (Fig. 12). Water
years 1994 and 1995 were not the only years that
the volumes of annual discharge from Big Spring
did not coincide with the volumes of annual precipi-
tation within the basin. Water Year 1990, for
example, had 37.87 inches of rainfall, which was
115% ofnormal precipitation, butthe annual ground-
water discharge from Big Spring, 17,476 ac-ft,
accounted for only 55% ofthe annual average. The
driest WY 1988 had an annual precipitation of
22 .94 inches, butthe annual discharge at Big Spring
for this water year was 26,008 ac-ft. The dis-
charge/precipitation ratio was also relatively high
during WYs 1994 and 1995. Discharge as a
percentage of precipitation was 18.7% in the Big
Spring basin for both WYs 1994 and 1995. This
represented the fifth greatest discharge/precipita-
tion ratio since WY 1983. Previous studies have
indicated that the non-linear relationship between
recharge-discharge rates is, in part, the result of
antecedent conditions. Because WY's 1990 through
1993 were very wet, groundwater stored in the



60,000 -~ 93
o
50,000 -+
i 91
83
g 40,000 . °
2 ’ ] g2 92
% o o
1 84
fo 9 @ 86
05
é 30,000 - e ® °
88 87 85
i ® ® Y
20,000 -+ 90
o
i '89
o
10,000 +——F—————7————— LB B e B B B A A |
20 25 30 35 40 45 50

Precipitation (inches)

Figure 12. Annual basin precipitation versus annual groundwater discharge from Big Spring.

basin during this wet period may have provided a
significant discharge source during the relatively
dry WYs 1994 and 1995. Therefore, besides the
timing, intensity, and distribution of rainfall, the
recharge-discharge rates are also affected by soil
moisture conditions within the basin.

Variations of precipitation and groundwater
discharge affect water quality. Figure 13 and
tables 16 through 18 summarize the annual precipi-
tation, groundwater discharge, and the concentra-
tions and loads of nitrate and atrazine for the Big
Spring basin from WY 1982 through 1995. The
annual nitrate-N load was 888,518 pounds for WY
1994 and 822,569 pounds for WY 1995. These
annual loads are significantly lower than the highest
annual nitrate-N load, 1,796,013 pounds, recorded
in WY 1993 (Rowdenetal., 1995b). The annual fw
mean nitrate concentrations were 47.0 mg/L (10.4
mg/L asNO3-N) for WY 1994 and 45.3 mg/L (10.1
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mg/L as NOs-N) for WY 1995. The highest annual
fwmean nitrate concentration in Big Spring ground-
water, 56.4 mg/L. (12.5 mg/L. as NOs3-N), was
observed in WY 1991 (Rowden et al., 1993a).
Since then, nitrate concentrations have continued
to decline at Big Spring.

Previous computations of total nitrogen dis-
charged from Big Spring included nitrate-, ammo-
nia-, and organic-nitrogen. The nitrate-nitrogen
usually accounted for more than 90% of total-
nitrogen load in the Big Spring basin. Table 16
summarizes annual loads of nitrate-, ammonia-, and
organic-nitrogen in the Big Spring basin from WY
1986 through 1994. Prior to WY 1986, ammonia-
N and organic-N were not analyzed frequently
enough to calculate their annual loads. Due to
budget constraints, organic-N was omitted from
the analysis listin WY 1995. Thenitrogen analyses
show that the total annual ammonia-N discharged



from Big Spring groundwater varied between 3.6
thousand pounds and 32.9 thousand pounds, with an
average of 11.5 thousand pounds. Water Year
1995 had the smallest annual ammonia-N load, at
3.6thousand pounds. The annual loads for organic-
N varied from 5.9 thousand pounds to 106.4 thou-
sand pounds, with an average of 40.4 thousand
pounds. Water Year 1994 had the smallest or-
ganic-N load, at 5.9 thousand pounds, which ac-
counted for the lowest organic-N component,
0.65%, of the annual total-N load. The annual
nitrate-N load has had a very wide range, from
195.3 thousand pounds in WY 1989 to 1.8 million
poundsin WY 1993. The annual nitrate-N load was
888.5 thousand pounds for WY 1994, and 822.6
thousand pounds for WY 1995, which were close
to the average annual nitrate-N load of 884.7
thousand pounds. Total-N (nitrate-, ammonia-,
plus organic-N) load varied between 242.7 thou-
sand poundsin WY 1989 and 1.9 million poundsin
WY 1993, with an average of 944.3 thousand
pounds. The total-N load was 911.1 thousand
pounds in WY 1994. For WY 1995, the total
nitrate-N and ammonia-N loads were 826.2 thou-
sand pounds. If the 40.4 thousand pounds of
average annual organic-N load were added, the
total-N load for WY 1995 would still be less than the
average of 944.3 thousand pounds.

From WY 1989 through 1993, the annual ground-
water discharge at Big Spring continued to in-
crease. The increased volume of discharge may
have leached outthe nitrate that likely accumulated
in the soil during the preceding years. In addition,
the changes in practices of basin farmers brought
about by the Big Spring and the Northeast lowa
Demonstration projects have helped reduce nitro-
gen application rates from 174 Ibs-N/acre in 1981
to 115 1bs-N/acrein 1993. The gradual reduction of
nitrogen fertilizer applications within the basin is
probably also a factor influencing the regional
water quality. However, this factor cannot be
separated, at this time, from the variations in con-
centrations that annual differences in recharge
rates have caused. Previous studies (e.g., Hallberg
etal., 1983, 1984a, 1989; Libraetal., 1986, 1987,
1991; Rowden et al., 1993a, 1995b) have shown
that the nitrate concentrations and loads from Big
Spring groundwater are related to recharge/dis-
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from Big Spring groundwater.



Table 16. Water year summary data for nitrogen discharged from the Big Spring basin to the Turkey River.

Water Year
86 87 88 89 90 91 92 93 94 95 Average
Flow-weighted mean concentration, mg/L:
as nitrate (NOg) 43 41 43 25 37 56 54 51 47 45 442
as nitrate-N (NO,-N) 97 9.1 95 57 8.2 12.5 12 11.4 10.4 10.1 9.86
ammonia-N 0.1 0.1 0.1 0.6 0.1 0.1 0.1 0.2 0.2 0.04 0.16
organic-N 05 02 0.3 0.8 0.6 0.9 0.3 0.6 0.1 *rx 0.48**
Nitrogen load:
total-N (1,000 Ibs) 837.9 651.6 699.4 2427 420.3 1,561.5 1,257.4 1,916.8 9111 826.2*** Q944 3**
as nitrate-N (1,000 Ibs) 788.6 630.7 670.9 195.3 388.5 1,4455 1,220.1 1,796.0 888.5 822.6 884.7
% of total-N 94.1 96.8 95.9 80.5 92.4 92.6 97.0 93.7 97.5 99.6*** 93.4**
as ammonia-N (1,000 Ibs) 6.4 75 8.2 19.3 55 95 52 32.9 16.7 36 11.5
% of total-N 0.76 1.14 1.17 7.95 1.30 0.61 0.42 1.72 1.83 0.44 1.88**
as organic-N (1,000 lbs) 429 13.4 20.3 28.0 26.4 106.4 32.1 87.9 5.9 e 40.4**
% of total-N 5.12 2.05 2.91 11.55 6.27 6.82 255 4.59 0.65 *xk 4.72**

* Prior to WY 1986 ammonia-N and organic-N were not analyzed frequently enough to calculate

annual flow-weighted means.
** Does not include WY 1995 data.
*** Qrganic-N was not analyzed for WY 1995.

charge mechanisms. In general, low discharge
periods are accompanied by low concentrations,
yielding small total loads. Concentrations are
generally higher during periods of greater dis-
charge, yielding greater loads. This relationship
works well for total-N loads as well as for the major
nitrogen component nitrate-N, butammonia-N and
organic-N do not seem to show the relationship.
Water Year 1989 had the smallest groundwater
discharge at Big Spring, butammonia- and organic-
N accounted for the highest component percent-
ages, 7.95% and 11.55%, of the total-N, respec-
tively, duringthe WY 1986-1995 period.

Of the common pesticides, atrazine was the
most frequently detected in the Big Spring basin.
Flow-weighted mean atrazine concentrations and
loads reached record highs, 1.17 pg/L and 135
pounds,in WY 1991 (Rowdenetal., 1993a). Since
then, atrazine concentrations and loads have gradu-
ally declined at Big Spring, and these declines
continued in WYs 1994 and 1995. During WY
1995, the annual fw mean atrazine for Big Spring
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reached its lowest concentration, 0.12 png/L. The
annual atrazine output for WY 1995, 9.8 pounds,
was the second-lowest, and only slightly higher
than the lowest level (9.2 pounds) recorded in WY
1988 (Libra et al., 1991). Previous reports have
recognized that groundwater discharge events are
an important factor affecting atrazine concentra-
tions at Big Spring temporarily, which means atra-
zine concentration peaks usually accompany
groundwater discharge events. For longer time
periods, however, atrazine concentrations and loads
do not seem related to groundwater discharge
changes. This was evidenced again by the annual
atrazine data from WYs 1994 and 1995. Annual
atrazine concentrations and loads were very low
during the two water years, while groundwater
discharges at Big Spring were higher than annual
discharges in the later 1980°s .

Rowden and others (1995b) discussed possible
factors affecting atrazine concentrations and loads
indetail, including regional herbicide applications,
sampling timing bias, atrazine in-stream degrada-



tion, and antecedent conditions. Extensive educa-
tional programs aimed at reducing the inputs of
agricultural chemicals should play an importantrole
in the continued reduction of atrazine concentra-
tions and loads in the Big Spring basin. Although it
is difficult to obtain accurate estimates of atrazine
use within the basin because its application to crops
is usually not uniform, farm surveys have shown
that atrazine application rates have been reduced
from about 2 pounds per acre in the early 1980°s to
less than 1.5 pounds per acre by 1990 (Rowden et
al., 1995b). Sampling times and frequency also
affect annual atrazine concentrations and loads.
Based on previous studies, high atrazine concentra-
tions usually accompany significant runoff events.
Because peak runoff is temporary, atrazine con-
centrations decrease as discharge recedes. There-
fore, accurate atrazine concentrations, as well as
accurate annual atrazine loads, are dependent on
both scheduled routine samples and specific event
samples. The collection of only routine samples
may reduce the annual averages of the fw mean
atrazine concentrations and loads.

Although many authors have devoted their ef-
forts to the transport and degradation of atrazine,
the migration mechanisms of atrazine are not clearly
understood. Based on the data from Big Spring,
annual atrazine concentrations seem to display
patterns on a long time scale. From WY 1982
through 1995, atrazine concentrations and loads at
Big Spring showed two low-high-low cycles; these
cycles occurred independent of discharge volumes
(Fig. 13D). The first low-high-low cycle occurred
during WY's 1982-1988, when the annual fw mean
atrazine concentration gradually increased from
031 pg/LinWY 1982t00.70 ug/Lin WY 1985,and
the annual atrazine load increased from 14.2 pounds
to 47.6 pounds. After that, the fw mean atrazine
concentration gradually declined to 0.13 pg/L and
the annual atrazine load declined to 9.2 pounds in
WY 1988. The next low-high-low cycle included
WYs 1988-1995. During this period, the fw mean
atrazine concentration changed from 0.13 pg/L in
WY 1988to 1.17 pg/Lin WY 1991, and the annual
atrazine load increased from 9.2 pounds to 135
pounds. The period of WY 1991 to WY 1995
represented a declining trend of the second low-
high-low cycle. During this period, the fw mean
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atrazine concentration decreased from its record
highof 1.17 pg/L.toarecord low of 0.12 pg/L., and
the annual atrazine load decreased from 135 pounds
inWY 1991t09.8 poundsin WY 1995. Duringthis
declining period, the atrazine concentration and
load were slightly higher in WY 1993 than in WY
1992. This may have resulted from the record high
groundwater discharge in WY 1993. In brief, the
data from the Big Spring monitoring project show
that atrazine concentrations and loads are indepen-
dent of long-term discharge volumes, but may have
periodic accumulating-releasing trends. If the
atrazine transport trends represent a pattern, the
period for accumulation or release is about 3-4
years, and the low-high-low cycle is about 6-7
years. The mechanism of the transport pattern,
however, remains unknown. It is also unclear
whether the current low level of atrazine concen-
trations will continue or increase again in the future.

Rowden and others (1995b) suggested that in-
stream degradation of atrazine is likely a significant
factor affecting atrazine concentrations and loads
at Big Spring and the Turkey River. Degradation
ofatrazine has been studied by several authors, and
it is recognized that atrazine can be degraded by
either biotic or abiotic processes (e.g., Kolpin and
Kalkhoff, 1993). The abiotic degradation of atra-
zine forms an initial degradation product of hydroxy
atrazine, while biotic degradation of atrazine pro-
duces either desethyl atrazine or desisopropyl atra-
zine. Kolpin and Kalkhoff(1993) studied the biotic
degradation of atrazine along the Roberts Creek in
the Big Spring basin. They determined that the two
biotic atrazine degradation products were constant
or even decreasing downstream. This suggests
that abiotic degradation processes may be occur-
ring in the stream. Remaining questions include
what the biotic and abiotic degradation rates are,
and what the atrazine degradation rate is within the
basin.

Pesticide samples collected for the Big Spring
project have been analyzed for desethyl atrazine
and desisopropyl atrazine since 1993. Rowden and
others (1995b) reported that desethyl atrazine was
detected more often than desisopropyl atrazine,
and that desethyl atrazine and atrazine usually
show similar trends in concentration in Big Spring
and the Turkey River. These observations are



supported by the data collected during WY's 1994
and 1995 (Figs. 6, 11). During these two water
years, none of the samples collected from Big
Spring or the Turkey River contained detectable
concentrations of desisopropyl atrazine, while all of
the samples from the Turkey River and about 90%
of the samples from Big Spring contained detect-
able concentrations of desethyl atrazine, and usu-
ally at concentrations greater than atrazine. The
concentrations of desethyl atrazine were usually
higher during May through July for the Turkey
River and other surface-water sites. For ground-
water of Big Spring and other groundwater moni-
tory sites in the basin, desethyl atrazine concentra-
tions did not show seasonal variations, but varied
with discharge fluctuations. This may result from
the differences in biotic degradation processes and/
or degradation rates between groundwater and
surface water. Since high concentrations of desethyl
atrazine were detected from both surface water
and groundwater in the Big Spring area, desethyl
atrazine may also be produced by abiotic degrada-
tion.

Desisopropyl atrazine is rarely detected in the
basin’s hydrologic system. During WYs 1994 and
1995, 160 groundwater samples from Big Spring
and farm wells, 172 tile-line samples, and 177
surface-water samples were analyzed for metabo-
lites of atrazine. Of'the 172 tile-line samples, only
one contained detectable desisopropyl atrazine ata
concentration of 0.1 pg/L. Of the 177 surface-
water samples, only four samples contained de-
tectable concentrations of desisopropyl atrazine.
None of the samples from Big Spring or farm wells
contained detectable concentrations of desisopropyl
atrazine.

Acetochlor was added to the pesticide analysis
list for the Big Spring projectin August, 1994. Since
then, one, or 1.7% of 58 samples from Big Spring,
and two, or 14.3% of 14 samples from the Turkey
River, contained detectable acetochlor (> 0.1 pg/L).
The sample from Big Spring was collected on May
30, 1995, and the two samples from the Turkey
River were collected on May 30 and June 27, 1995.
Based on these data, it is still too early to reveal the
distribution trend of acetochlor.

In brief, the relationship between nitrogen con-
centrations and loads and groundwater discharges
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has been well-documented based on monitoring
results from the Big Spring project since 1981.
However, the concentrations and loads of pesti-
cides, theirrelationship with groundwater recharge
and discharge, their degradation and transport
mechanisms, as well as possible factors affecting
their concentrations and loads, still remain as ques-
tions to be solved in the future.

OVERVIEW
OF MONITORING RESULTS
FOR WYs 1982 THROUGH 1995

Figure 13 showsthe annual precipitation, ground-
water discharges, fw mean nitrate concentrations
and nitrogen loads, and fw mean atrazine concen-
trations and loads from WYs 1982 through 1995.
The data is summarized in Table 18. Table 17
summarizes the annual percentage of detection and
maximum concentrations for pesticides in Big Spring
groundwater.

As discussed before, discharge is related to
both precipitation amounts and antecedent soil-
moisture conditions. From WY 1982 through 1995,
the annual precipitation in the Big Spring basin has
ranged from 22.94 inches (WY 1988) to 47.28
inches (WY 1991), and annual groundwater dis-
charge has varied from 12,672 ac-ft (WY 1989) to
58,186 ac-ft (WY 1993). Discharge as a percent-
age of precipitation has ranged from 8% (WY
1990) to 23% (WY 1993) and averaged 16.4%.
After the wet period of WY's 1990 through 1993,
WYs 1994 and 1995 were relatively dry years in the
Big Spring basin. The annual precipitation for WY's
1994 and 1995, 30.42 inches and 29.28 inches,
respectively, was only slightly higher than the driest
two water years, 1988 and 1989, since the monitor-
ing began. Because of the low precipitation, the
annual groundwater discharge from Big Spring
declined from 58,186 ac-ft in WY 1993 to 31,266
ac-ftin WY 1994 and to 30,013 ac-ft in WY 1995.
The hydrographs show only few significant rain-
fall-related runoff events. However, discharge as
apercentage of precipitation, 18.7%, forboth WY's
1994 and 1995, was higher than average.

The annual fw mean nitrate concentrations and
total nitrogen loads corresponded with groundwa-
terdischarge changes during the monitoring period.



Table 17. Summary of annual % of detections and maximum concentrations for pesticides in groundwater at Big

Spring.
Water Year
82 83 84 85 86 87 88 89 90 91 92 93 94 95
Pesticide
common chemical % detections % detections
name maximum concentrations, ug/L (total record)
Herbicides
atrazine 100% 100% 100% 100% 99% 100% 75% 88% 100% 100% 100% 94% 94% 75% 95%
250 5.10 1000 6.10 1.40 0.70 0.40 3.30 8.20 16.00 1.00 250 1.30 1.30
acetochlor na na na na na na na na na na na na nd 2% <2%
na na na na na na na na na na na na nd 0.60
alachlor 16% 28% 23% 14% 7% 2% nd 18% 18% 18% 3% 4% 4% 4% 11%
0.20 060 4.00 500 070 0.10 nd 0.20 090 550 056 150 210 0.25
butylate na na na na nd nd nd nd nd nd nd nd nd nd 0%
na na na na nd nd nd nd nd nd nd nd nd nd
cyanazine 32% 26% 21% 15% 3% 5% 3% 31% 35% 13% 5% 8% 2% 4% 14%
070 120 170 460 0.10 0.10 1.00 3.00 0.90 260 051 190 0.14 0.12
metolachlor na 4% 17% 4% 4% nd nd 6% 8% 4% 2% 6% 10% 6% 5%
na 060 450 460 060 nd nd 0.20 0.60 220 0.17 086 230 0.38
metribuzin na na na 1% nd nd nd nd nd nd nd nd nd nd <1%
na na na 360 nd nd nd nd nd nd nd nd nd nd
trifluralin na na na nd nd nd nd nd nd nd nd nd nd nd 0%
na na na nd nd nd nd nd nd nd nd nd nd nd
Insecticides
fonofos na 1% 8% nd nd nd nd nd nd nd nd nd na na <1%
na 010 030 nd nd nd nd nd nd nd nd nd na na

na- not analyzed; nd- not detected
Acetochlor has been an analyte since August, 1994.

The fw mean nitrate concentrations varied from
25.0 mg/L (5.7 mg/L as NOs-N) in WY 1989 to
56.4mg/L (12.5mg/L.asNO3-N)in WY 1991, and
the total nitrogen loads varied from 242 thousand
pounds (WY 1989) to 1.9 million pounds (WY
1993). From WY 1991, fw mean nitrate concentra-
tions continually decreased at Big Spring. This may
be in partrelated to decreased nitrogen applications
following the extensive public education in the
basin. Based on data since WY 1986, ammonia-
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nitrogen loads from Big Spring have varied from 3.6
thousand pounds (WY 1995) to 32.9 thousand
pounds (WY 1993) and averaged 11.5 thousand
pounds. Organic-nitrogen was removed from the
nitrogen analysis listin WY 1995. From WY 1986
to WY 1994, organic-nitrogen loads ranged from
5.9 thousand pounds (WY 1994)to 106.4 thousand
pounds (WY 1991) and averaged 40.4 thousand
pounds.

Of the common pesticides, atrazine was the



Table 18. Water year summary data for groundwater discharge from the Big Spring basin to the Turkey River.

Water Year
82 83 84 85 86 87 88 89 20 91 92 93 94 95

Precipitation:
water inches 340 445 328 358 367 320 229 243 379 473 357 465 304 293

Groundwater discharge (Q) to the Turkey River:

mean Q, cfs 514 569 453 352 420 354 358 176 241 587 514 804 432 415
total Q, inches 6.8 7.5 59 46 55 46 47 23 3.2 7.7 68 106 57 55
acre-feet, 1000s 374 414 327 251 303 255 260 127 175 425 373 582 313 300

Nitrogen discharged with groundwater:
flow-wtd mean concentration, mg/L

as nitrate (NOg) 39 46 43 31 43 41 43 25 37 56 54 51 47 45

as nitrate-N (NO3-N) 88 103 97 70 97 9.1 95 57 82 125 12 114 104 101
ammonia-N* * * * * 0.1 0.1 0.1 06 0.1 0.1 0.1 02 02 <01
organic-N* * * * * 05 02 03 08 06 09 03 06 01 *x

nitrogen load:
(nitrate-N + nitrite-N)
1,000s Ibs-N 873.0 1,150 843.4 476.8 796.8 636.1 672.0 194.9 388.5 1,446 1,220 1,796 888.5 822.6
Ibs-N/acre 132 174 128 72 121 96 102 30 59 219 185 272 135 125
(for total basin area)

Atrazine discharged with groundwater:
flow-wtd mean concentration,
atrazine, ug/L 031 028 045 070 035 025 0.13 061 1.06 1.17 022 027 021 0.12

atrazine load;
Ibs - atrazine 142 312 400 476 290 176 92 212 500 1350 225 420 178 938

* Prior to WY 1986 ammonia-N and organic-N were not analyzed frequently enough to calculate
annual flow-weighted means.
** In WY 1995, organic-N was omitted from analysis list.

most frequently detected, followed by cyanazine, detected in Big Spring groundwater in May and in
alachlor, and metolachlor. Butylate and trifluralin the Turkey River samples in May and June of 1995.
have never been detected in Big Spring groundwa- Atrazine was detected in 95% of Big Spring
ter. Metribuzin detections are rare, and it has not groundwater samples since monitoring began in
been detected since WY 1986. Acetochlor was WY 1982. Atrazine annual fw mean concentra-
added tothe analysis listin Augustof 1994 and was tions have varied between 0.12 pg/L (WY 1995)
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and 1.17 pg/L (WY 1991), and annual atrazine
loads have varied from 9.2 pounds (WY 1988) to
135 pounds (WY 1991). The highest atrazine
concentration detected, 16.0 pg/L, was sampled in
mid-June, 1991 (Rowden et al., 1993a). Both
annual atrazine concentrations and loads declined
rapidly from the peaks in WY 1991 to an annual
load of 22.5 pounds, with a fw mean concentration
0f0.22 pg/L in WY 1992. After small increases in
WY 1993, the annual atrazine fw mean concentra-
tions and loads declined againin WY 1994. In WY
1995, the fw mean atrazine concentration reached
the lowest level recorded, 0.12 p1g/L., and the annual
load decreased to 9.8 pounds, which was also close
tothe smallestannual load, 9.2 pounds, recorded in
WY 1988 (Libra, et al., 1991).

Annual fw mean atrazine concentrations and
loads, and the frequency and magnitude of detec-
tions of other herbicides, do not fluctuate with
annual precipitation changes or with groundwater
discharge changes. Relatively high annual fw
mean atrazine concentrations and loads have oc-
curred with high annual discharges such as WY
1991, and with low annual discharges such as WY
1985. Many factors, including annual application
rates and degradation processes, can affect pesti-
cide concentrations and loads. Atrazine transport
mechanisms should be studied in greater detail in
the future. Based on the monitoring results at Big
Spring, atrazine concentrations and loads have
increased or declined every 3-4 years, with a low-
high-low cycle in 6-7 years. If these trends are
influenced by transport and degradation mecha-
nisms, annual atrazine concentrations and loads
may increase at Big Spring in the next few years.

SUMMARY

Water years 1994 and 1995 were relatively dry
compared to the early 1990’s. During the two-year
period, snowmelt played an importantrole in gener-
atingrunoffevents in the Big Spring basin. Follow-
ing the relatively low precipitation, groundwater
discharge, nitrate concentrations, and nitrogen loads
all decreased at Big Spring during both water years.
The annual mean of analyses concentration for
nitrate declined from 54.0 mg/L. (12.0 mg/L. as
NOs3-N) in WY 1993 to 47.3 mg/L (10.5 mg/L as
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NOs3-N) in WY 1994, and to 44.4 mg/L (9.9 mg/L
as NO3-N) in WY 1995. The fw mean nitrate
concentrations for Big Spring groundwater have
declined since WY 1991, and the concentrations
from WYs 1994 and 1995 represent a continuation
of this trend. The fw mean nitrate concentration
was 47.0 mg/L (10.4 mg/L. asNO3-N) in WY 1994
and45.3 mg/L (10.1 mg/LasNO3-N)in WY 1995.
Both the annual mean of analyses and fw mean
concentrations for nitrate for WY 1995 represent
the lowest levels since WY 1991. The annual
nitrate-N load was 888,518 pounds for WY 1994
and 822,569 pounds for WY 1995. Both years
represent the first time since WY 1991 that the
annual nitrate-N load for Big Spring has been less
than one million pounds.

The concentrations and loads of atrazine and
other herbicides were also low in Big Spring ground-
water and the Turkey River surface water during
WYs 1994 and 1995. The annual fw mean atrazine
concentration for Big Spring declined to the lowest
level to date, 0.12 pg/L, in WY 1995.

A long-term monitoring project is required to
detect improvements in water quality at the water-
shed scale. Factors affecting water quality are
multiple and complex, and improvements are gradual.
Certain questions related to nonpoint-source con-
tamination, such as atrazine transport and degrada-
tion mechanisms, remain to be answered by future
studies.
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