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Response of reservoir atrazine
concentrations following regulatory and
management changes
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Abstract: Since the early 1990s, atrazine concentration exceeding the drinking water stan-
dard of 3 pg L™ (parts per billion) in US drinking water supplies has been identified as a
costly and major water quality concern. Atrazine levels in Columbus, Ohio, tap water reached
8.74 pg L' in the early 1990s, leading to a watershed-based approach aimed to reduce ele-
vated atrazine concentrations. In 1999, a special Environmental Quality Incentives Program
(EQIP) was implemented in the watershed that feeds Hoover Reservoir, the primary drink-
ing water supply for Columbus, Ohio. Through EQIP, the Natural Resource Conservation
Service (NRCS) offered financial incentives to farmers and operators to apply alternative
pesticide management practices in an effort to reduce atrazine concentrations in the reser-
voir and maintain the concentrations below the drinking water standard. Monthly reservoir
atrazine concentrations measured from 1985 through 2005 represent three distinct time peri-
ods with respect to atrazine management: no label restrictions (1985 to 1992), post label
restrictions (1993 to 1998), and post label restrictions plus EQIP implementation (1999 to
2005). Significant (p < 0.05) reductions in mean monthly reservoir atrazine concentrations
were noted between all three time periods: no label restrictions (2.27 pg L™!) > post label
restrictions (1.99 pg L") > post label restrictions plus EQIP implementation (1.18 pg L™).
Regression analyses indicated that May through June precipitation and hectares enrolled in
the EQIP pest management practice (Natural Resource Conservation Service Practice 595)
were the two most important predictors of reservoir atrazine concentration. Additionally,
for every dollar spent on the NRCS 595 pest management practice cost shared through the
EQIP program, a US$2.73 benefit for the City of Columbus was realized through reduced
drinking water treatment costs to remove atrazine. For farmers and operators, atrazine is an
economically viable and effective herbicide for corn production. This study indicates that
annually eliminating atrazine application on approximately 16% of the crop production acres
may reduce and maintain reservoir atrazine concentrations below drinking water thresholds.
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Historically, streams and rivers were
important to the establishment of com-
munities and centers of commerce. A
watercourse was vital for transportation,
water supply, and disposal of wastes. Early
local efforts to control water pollution were
based on principles of nuisance and the bal-
ance of competing uses. Population growth
and industrial development brought water
pollution concerns to national attention after
World War II. Rachael Carson’s 1962 book,
Silent Spring, brought to the forefront eco-
logical impacts of chemicals being widely
applied to enhance agricultural production.
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A shift in people’s thinking began to emerge
toward a new ethical premise that water
should be clean and free of agricultural,
industrial, and urban contaminants.
Approximately two-thirds of the water
withdrawn for public water supply in the
United States originates from surface sources
(Kenny et al. 2009). Over 11,000 community
water supply systems in the United States
store, treat, and distribute an average 749 L
(198 gal) of water per capita per day. The
majority of these surface water supplies are
fed by drainage waters originating in agricul-
tural dominated watersheds. Discharge waters

from agricultural lands carry sediments,
nutrients, pesticides (including fungicides,
herbicides, and insecticides), and/or other
contaminants, such as pathogens and phar-
maceuticals (Ritter et al. 2002; Smiley et al.
2010). Of these pollutants, atrazine continues
to receive more attention and research than
any other pesticide due to its widespread use
and potential impacts on aquatic life (Rohr
and McCoy 2010). Conventional treatment
plant filtering processes are limited in their
ability to remove atrazine and an array of
other dissolved pollutants (Westerhoff et al.
2005; Stackelberg et al. 2004). These waters
are then delivered to the public.

Atrazine (6-chloro-N2-ethyl-N4-isopro-
pyl-1,3,5-triazine-2,4-diamine) is a systemic
triazine herbicide primarily used to control
broadleaf weeds and some grasses in corn
fields. Atrazine is registered for multiple uses,
but its primary application is in crop produc-
tion agriculture. Approximately 25 million
kg (55 million Ib) of atrazine are applied
annually in the United States Corn Belt
(Vecchia et al. 2009), accounting for 72% of
all atrazine applied nationally (USEPA 2006).
In the US Corn Belt, atrazine is primarily
applied in April and/or May as a preemer-
gence herbicide.

Atrazine was first registered in 1958, fol-
lowed by several changes and modifications
resulting from federal regulations and the
herbicide’s detection and persistence in the
environment. With respect to surface waters,
the most significant label changes were added
in 1992. In that revision, total annual applica-
tion rates for corn were limited to 2.81 kg
active ingredient (Al) ha' (2.51bAlac)ina
split application of 1.68 kg Al ha™' (1.5 1b Al
ac™') preemergence and 1.12 kg Al ha™ (1 Ibs
Al ac™") postemergence. This was a significant
reduction from the previously allowable 3.37
kg Al ha™' (3 1bs Al ac') preemergence appli-
cation rate. Additionally, atrazine’s use for
broadleaf weed control in noncropland was
eliminated. In 1991, the US Environmental
Protection Agency (USEPA) Office of Water
established a 3 pg L™! maximum contaminant
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level for atrazine in drinking water. Despite
these efforts, atrazine in
continues to be of concern, and atrazine
contaminated water requires additional treat-
ment prior to human consumption.

Alarming concentrations of agricultural
contaminants, particularly atrazine, have
occurred within tap water in metropolitan
areas in the midwestern United States (Brian
1995). Specifically, atrazine was detected in
tap water samples in 28 of 29 cities with the
greatest concentration (18 pg L") occurring
in Danville, llinois (Brian 1995). Columbus,
Ohio, ranked third with an average con-
centration of 3.54 pg L' and a maximum
concentration of 8.74 ng L' (Brian 1995).
In the Brian (1995) study, 100% of the tap
water samples collected in Columbus, Ohio,
tested positive for atrazine. In many cases, tap
water concentrations continuously exceeded
the USEPA maximum contaminant level for
atrazine. More recently, Coupe and Blomquist
(2004) provided an assessment of both source
and finished waters of 12 community water
systems in the United States. Atrazine was
detected in every source and finished drink-
ing water system sampled, although the
concentrations in the finished waters were
generally much less than in the raw water
(Coupe and Blomquist 2004), a result of treat-
ment with powdered activated carbon (PAC).
Additionally, atrazine is an herbicide of con-
cern statewide in Ohio, and 14 watersheds
have been placed on the Ohio Environmental
Protection Agency (EPA) watch list due to
the occurrence of elevated atrazine concen-
trations (Ohio EPA 2008, 2010).

Monitoring results such as these has
prompted the registrants and research com-
munity to explore different options that
permit the safe use of atrazine while pro-
tecting drinking water supplies and securing
crop production. One approach to protect
drinking water supplies from elevated atra-
zine concentrations is to address the problem
prior to delivery to customers (i.e., scrub the
water with activated carbon) (Ribaudo and
Bouzhar 1994). This approach is proven yet
very expensive. An alternative approach is to
address the source of the supply by reduc-
ing the concentrations and/or application
within the upstream watershed (Ribaudo
and Bouzhar 1994). Enhancing drinking
water supplies should originate at the source
of the supply rather than at the treatment
facility because of the potential for treat-
ment facility failure (Davies and Mazumder

surface waters
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2003). Healthy watersheds (i.e., those with
reduced concentrations of agricultural con-
taminants) lead to enhanced water quality for
agricultural, industrial, and domestic uses and
improved aquatic habitat conditions (Postel
and Thompson 2005). Many nonpoint
source pollutant reduction watershed proj-
ects in the United States have not performed
to expectations (Meals et al. 2010). However,
some successes have been documented, such
as Bryant et al. (2008) who measured sub-
stantial reductions in phosphorus loadings
from the Cannonsville Watershed, a New
York City water supply watershed. Adoption
and implementation of conservation prac-
tices (i.e., stream bank fencing, cover crops,
and precision animal feeding) reduced dis-
solved phosphorus loading by 50% and total
phosphorus loading by 17%.

Best management practices (BMPs)
documented to be effective at curbing the
downstream transport of atrazine include
vegetated filter strips (Mickelson et al. 2003),
wetlands (Moore et al. 2000), application
timing (Rector et al. 2003), incorporation
(Gorneau et al. 2001), and reduced rate or
split application (Devlin et al. 2000). Tillage
effects on atrazine loss are inconclusive
(Devlin et al. 2000). On some soils, no-till
will reduce atrazine losses while on oth-
ers it may increase losses. Reichenberger et
al. (2007) reviewed multiple publications
on mitigation strategies specific to pesti-
cides and concluded that bufters, primarily
edge-of-field buffers, and wetlands were
demonstrated to be most effective at reduc-
ing pesticide transport.

The source water approach relies on
farmer adoption and implementation of
BMPs to reduce offsite transport. Persuading
landowners and operators to voluntarily
adopt implement pesticide BMPs
involving pesticide management is often
a hard sell because the practices generally
increase crop production costs (Valentin
et al. 2004). Additionally, some BMPs are
costly for producers because they take land
out of production (e.g., wetlands). However,
selected BMPs are cost sharable through
current Natural Resources Conservation
Service (NRCS) programs. These cost shares
are often a necessary incentive to entice
and secure farmer participation. However,
even with these incentives, the extent and
duration to which operators are willing to
participate in a program or adopt a practice is
variable (Smithers and Furman 2003).

and

Several real world examples exist that
demonstrate the value of cooperative, com-
munity-based efforts to work with local
landowners to voluntarily adopt practices
that conserve and enhance natural resources
(Hargrove and Devlin 2010). But there is
both inadequate record and scientific review
of the effects of such voluntary, incentive-
based efforts on atrazine losses and the
quality of water for use in drinking water
systems. The objective of this research was to
compare atrazine concentrations in Hoover
Reservoir (a City of Columbus, Ohio, drink-
ing water supply reservoir) during three time
periods representing different atrazine man-
agement strategies in the watershed.

Materials and Methods

Watershed Description. The Upper Big
Walnut Creek Watershed (UBWC) is a 492
km? (190 mi* United States Geological
Survey 10-digit (HUC 05060001-13)
watershed located in central Ohio (figure 1).
The watershed is identified as an Agricultural
Research  Service benchmark watershed
being evaluated as part of the Conservation
Effects Assessment Project (Mausbach and
Dedrick 2004; King et al. 2008). The UBWC
was identified as a priority impaired water-
shed by the Ohio EPA in their 1998, 2000,
and 2003 303(d) lists (Ohio EPA 2005)
because it was not meeting established water
quality standards. Atrazine, in particular, is
a contaminant of concern in the UBWC
because concentrations within the Hoover
Reservoir have periodically exceeded the
drinking water standard (Malcolm Pirnie
Inc. 1999).

The UBWC is characterized by 686
km (426 mi) of perennial and intermittent
streams that drain to Hoover Reservoir.
Hoover Reservoir is the primary water sup-
ply for approximately 800,000 residents in
Columbus and surrounding communities.
The reservoir was completed in 1955 and
has a surface area of approximately 1,200
ha (2,960 ac) at normal pool elevations and
1,860 ha (4,600 ac) at maximum capacity.
The reservoir is 13.7 km (8.5 mi) in length
with a residence time of 180 days.

Cropland production agriculture com-
prises the largest land use classification
within the watershed (approximately 55%
per the Delaware, Ohio, county auditor’s
1999 land use and land cover survey). The
primary agricultural crops are corn, soybeans,
and wheat. Management primarily includes
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Figure 1

United States.

Location of Upper of Big Walnut Creek Watershed and Hoover Reservoir within Ohio and the

conservation tillage, fertilization, and pes-
ticide applications. An extensive portion of
the watershed used for agricultural produc-
tion is systematically tile drained, especially
in the southern half of the watershed. Soils
in the watershed are mostly moderately
fine-textured, moderately well drained to
very poorly drained, and consist primarily
of Cardington (9.6%), Centerburg (20.4%),
Bennington (34.6%) silt loams, and Pewamo
(17.2%) silty clay loam. Approximately 18%
of the watershed is comprised of other minor
soils and water.

The UBWC is located in the humid
continental-hot summer climatic region of
the United States. The climate provides for
approximately 160 growing days per year,
generally lasting from late April to mid-
October. Average daily temperatures range
from a minimum of -9.6°C (14.7°F) in
January to a maximum of 33.9°C (93°F) in
July. Thunderstorms during the spring and
summer produce short-duration, intense
rainfalls. Moisture in the form of frozen pre-
cipitation or snow averages 500 mm (19.7
in) annually and occurs primarily from
December to March. The 30-year average
rainfall near the southwest portion of the
watershed is 985 mm (38.8 in). Monthly
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distribution of rainfall exhibits a bimodal dis-
tribution with a primary peak in late spring
and early summer and a secondary peak in
late fall and early winter.

Water Quality Partnership. In response
to the popular press articles and reports
regarding elevated concentrations of atra-
zine in drinking water, a farmer-led water
quality partnership was initiated in 1996
with the goal of identifying and promoting
conservation practices aimed at reducing
atrazine concentrations in Hoover R eservoir.
In September 1997, the Upper Big Walnut
Creck Water Quality Partnership was for-
mally organized and obtained US$100,000
from the state legislature of Ohio.The purpose
of the state funding was to help the agricul-
tural community voluntarily demonstrate
their commitment and organize resources
to implement conservation management
practices that improve water quality in the
watershed. Working with the Upper Big
‘Walnut Water Quality Partnership, an all-vol-
unteer group of local farmers, the Delaware,
Morrow, Knox, and Licking County Soil
and Water Conservation Districts and the
USDA’s Natural Resources Conservation
Service and Farm Services Agency sought
out producers who were using atrazine

within the watershed to voluntarily adopt
an alternative atrazine management strategy
aimed at reducing atrazine concentrations in
Hoover Reservoir.

Special Environmental Quality Incentives
Program. The Environmental Quality
Incentives Program (EQIP) was established
in 1996 (PL. 104-127) as an amendment to
the Food Security Act of 1985 (Farm Bill). It
was reauthorized in the Farm Security and
Rural Investment Act of 2002 and again in
the Food, Conservation, and Energy Act of
2008. The program promotes environmen-
tal awareness and stewardship by providing
financial, technical, and educational assistance
to landowners and operators. In general,
farmers voluntarily enter into a contract
(usually three to five years) with the NRCS
to adopt and implement one or more con-
servation practices.

In 1997, the partnership promoted the
need for and received authorization and
funding for a special EQIP in the UBWC
to address atrazine concerns in Hoover
Reservoir. The primary focus of the special
EQIP was on reducing atrazine usage within
the watershed through the promotion of
alternative pesticide management practices
using pest management (NRCS practice
code 595). The initial sign-up period for the
special EQIP was in 1998, with implementa-
tion commencing in 1999.This special EQIP
was offered for additional sign-up periods
annually through 2003.

Producers who enrolled in the special
EQIP were provided four atrazine manage-
ment options to choose from: (1) use an
alternative herbicide other than atrazine; (2)
use a reduced rate of atrazine; (3) incorporate
atrazine; or (4) introduce a small grain, such
as wheat, into the rotation. The management
options offered were only on those crop
areas that were planted to corn. Application
of an alternative herbicide (i.e., any herbicide
other than atrazine) or introducing a small
grain into the rotation was cost-shared at
US$37.06 ha™ (US$15.00 ac™). Selecting the
US$24.71 ha™' (US$10 ac™') option required
reducing atrazine application to a maximum
of 1.12 kg ha! (1 1b ac™") with a postemer-
gent application program or incorporation
below 12.7 mm (0.5 in) at label rates. If this
option was selected, average annual soil ero-
sion rates must equal or be below tolerance
levels for dominant soils in the field. Finally,
US$12.36 ha™ (US$5 ac™') was offered if
atrazine application was reduced to 1.12 kg
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ha™' (1 b ac™) or less with no restriction on
application timing.

The most popular option was the
US$37.06 ha' (US$15 ac') payment for
using an alternative herbicide other than
atrazine. Once a field was enrolled, the fund-
ing was available for up to three times on
a given field during the five year contract
period. During the special EQIP period,
the EQIP program dispersed approximately
US$814,000 for conservation practices in
the UBWC. Approximately US$609,000 of
the total EQIP amount was for NRCS prac-
tice 595 (pest management) to address excess
atrazine concentrations in Hoover Reservoir
(table 1). The maximum amount of area
receiving contract payment in any given year
was 5,729 ha (14,151 ac) in 2003. Of that
total area, 4,428 ha (10,936 ac) or approxi-
mately 16% of the cropland in the watershed
was receiving payment for atrazine manage-
ment (table 1).

Sampling and Analysis. Hoover Reservoir
water was sampled the first week of every
month from 1985 to present. Water samples
were collected by personnel from the City of
Columbus, Ohio, from a floating boat dock
located in the downstream third of the reser-
voir, close to the reservoir dam. Water samples
were collected from the surface in 1 L (0.26
gal) glass bottles, iced and returned to the
City of Columbus laboratory. The samples
were prepared following methods outlined
in USEPA Method 507 (USEPA 1995).The
1 L samples were extracted with methylene
chloride by shaking in a separatory funnel.
Then the methylene chloride extract was
isolated, dried, and concentrated during a
solvent exchange to methyl tert-butyl ether
to a final volume of 5 ml (0.31 in®). The atra-
zine concentration in the extract was then
measured using a gas chromatograph (Varian
3800, Agilent Technologies, Santa Clara,
California) with a nitrogen-phosphorus
detector. The laboratory is certified to ana-
lyze nitrogen, phosphorus, and pesticides by
the Ohio EPA.

Statistical Analyses. Statistical analyses
were conducted to determine if monthly
differed
among the three different time periods that
represent different management strategies.
Specifically, the time periods used were: (1)
unrestricted application period from 1985 to
1992, (2) the period following label restric-
tions from 1993 to 1998, and (3) the post
label restriction plus EQIP implementation

reservoir atrazine concentrations

JOURNAL OF SOIL AND WATER CONSERVATION

Table 1
Land area and Environmental Quality Incentives Program (EQIP) cost share payments for
Natural Resources Conservation Service (NRCS) practice 595 (pesticide management) and all
other EQIP practices (NRCS practice 328, conservation crop rotation; NRCS practice 329, no-till;
NRCS practice 344, residue management; and NRCS practice 590, nutrient management) within
Ohio’s Upper Big Walnut Creek watershed for period 1999 to 2005.

Land receiving 595 Total land Total EQIP

595 payments payments receiving EQIP payments
Year (ha) (USS) payments (ha) (UsS)
1985 to 1998 0 0 0 0
1999 541.3 20,211 722.3 27,110
2000 1,620.9 53,700 2,684.2 81,870
2001 2,906.0 99,939 3,950.3 142,504
2002 2,623.3 92,245 4,348.2 143,724
2003 4,427.6 153,238 5,729.4 201,420
2004 4,105.5 121,203 4,710.2 152,776
2005 1,962.6 68,256 2,690.8 94,792
5-year total 608,792 814,196

period from 1999 to 2005. For each time
period, each month represented one sam-
ple in the statistical analyses. Thus, period 1
(1985 to 1992) contained 96 samples, period
2 (1993 to 1998) contained 72 samples, and
period 3 (1999 to 2005) contained 84 samples.
Distributions of monthly atrazine concentra-
tions for each time period did not meet the
assumptions of normality and equal variance.
Therefore, the two factor analysis of variance
(ANOVA) coupled with the Tukey pairwise
multiple comparison test was conducted on
rank transformed values. Rank transforma-
tion is commonly recommended in these
situations, and its use with a parametric test is
the equivalent of a nonparametric two factor
ANOVA (Conover 1999).

Additionally, statistical tests were con-
ducted to evaluate if climatic and cropping
characteristics were different across the three
time periods. Annual and total April through
June precipitation amounts as well as the
amount of corn hectares were evaluated using
the Kruskal-Wallis test paired with the Dunn’s
post hoc test to examine whether difterences
occurred among the three time periods.

Multiple regression analyses were con-
ducted to determine which watershed and
climatic variables had the greatest effect on
atrazine reservoir concentrations. Eight atra-
zine response variables, along with seven
watershed and climatic variables, were iden-
tified for inclusion in the analyses. The eight
atrazine response variables included the mean,
median, maximum, minimum, 95 percen-
tile, postapplication (June to October) mean,
standard deviation, and number of months
within a year that atrazine concentration
exceeded the drinking water standard (3 pg

L"). These eight atrazine response variables
were calculated on an annual basis and were
used as the dependent variables in the mul-
tiple regression analyses. Watershed variables
were obtained from EQIP enrollment records
while cropland records were obtained from
the National Agricultural Statistics Service.
Watershed characteristics used as indepen-
dent variables included total EQIP hectares
adopting the NRCS 595 practice, total EQIP
hectares adopting other conservation prac-
tices (i.e., NRCS 328, conservation crop
rotation; NRCS 329, no-till tillage; NRCS
344, residue management; and NRCS 590,
nutrient management), total corn hectares,
total soybean hectares, and total wheat hect-
ares. Climatic variables included total annual
precipitation and total precipitation during
May and June. Precipitation data were deter-
mined from averaging National Oceanic
and Atmospheric Association (NOAA) data
recorded within and near the watershed at
the Westerville and Centerburg, Ohio, gauges.

Prior to conducting the multiple regres-
sion analyses, all pairwise
between independent variables were exam-
ined to ensure that the analyses were not
influenced by multicollinearity (r > 0.8). The
initial correlation analyses found that the
amount of area adopting EQIP NRCS 595
and amount of area adopting other EQIP
conservation practices were highly correlated
(r=0.85,p < 0.001). In order to address the
multicollinearity, the amount of area adopt-
ing other EQIP practices was transformed.
Transformation of an independent variable is
a common practice that enables the degree of’
multicollinearity to be reduced within mul-
tiple regression analyses. After transformation,

correlations
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pairwise correlations among all independent
variables were less than 0.68.

Hydrology variables were not included as
independent variables because initial analyses
indicated that many of these variables (annual
mean discharge, mean spring discharge,
mean growing season discharge) were highly
correlated (r > 0.8) with total annual pre-
cipitation or May through June precipitation.
Precipitation variables were included rather
than hydrology variables because previous
research (Stone and Gilliam 2009) have doc-
umented that precipitation, particularly total
precipitation in May and June, is a highly
influential variable on atrazine concentra-
tions in streams and reservoirs in the United
States. Eight multiple regression tests were
conducted to obtain the standardized coef-
ficients and determine which watershed and
climatic variable had the greatest influence
on atrazine response variables. All statistical
analyses were conducted with SigmaStat 3.5
statistical software (Systat Software 2006)
with a significance level of p < 0.05.

Results and Discussion

The frequency of monthly concentrations
exceeding the 3 ug L' drinking water stan-
dard decreased following the label restrictions
and again following implementation of EQIP
(figure 2). Mean monthly atrazine concen-
tration in Hoover Reservoir was significantly
(p < 0.05) different among the three time
periods (figure 3). Additionally, the mean
reservoir atrazine concentrations decreased
in each subsequent time period. This sug-
gests that the first restrictions on atrazine
application (1993 to 1998) helped to reduce
concentrations in the reservoir and is consis-
tent with findings on atrazine concentrations
in Midwestern streams reported by Scribner
et al. (2000). This also implies that the EQIP
program, through the promotion of NRCS
595, may have led to further reductions in
reservoir atrazine concentrations. Significant
(p < 0.05) differences in mean reservoir
atrazine concentration by month were also
measured (figure 4). As expected, atrazine
concentrations were least during the normal
planting season (April and May), peaked in
July and August following the period with
larger runoff events, and then declined (figure
4). However, no interaction effects between
time period and months were detected.
These EQIP-related reductions in reser-
voir atrazine concentrations are consistent
with previous assessments (Ohio EPA 2009).
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Figure 2
Exceedence probability of monthly atrazine concentrations in Hoover Reservoir for periods 1985
to 1992 (no atrazine restrictions), 1993 to 1998 (atrazine label change), and 1999 to 2005 (atra-
zine label change plus special Environmental Quality Incentives Program). Solid line represents
3 pg L drinking water standard.
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Potential EQIP-related reductions were also
documented in June 2002 as atrazine con-
centrations within an adjacent central Ohio
watershed that did not receive special EQIP
funds (i.e., Upper Scioto River) were greater
than atrazine concentrations within the
UBWC (Ohio EPA 2009). Additionally, the
atrazine levels during June 2002 required the
water treatment plant in the Upper Scioto
River to implement PAC treatment, but
PAC treatment was not required within the
UBWC (Ohio EPA 2009).

Previous studies have documented that
atrazine loss is positively correlated with
atrazine usage, precipitation, and the amount
of watershed area planted to corn (Struger
and Fletcher 2007; Stone and Gilliam 2009).
Information on atrazine usage within the
UBWC was not available due to federal pri-
vacy regulations, thus the amount of corn
planted was used as a surrogate for atrazine
usage. In this study, no significant differences
in annual or April through June precipitation
amounts occurred among the three time
periods (figures 5 and 6). The general trend
in annual corn hectares within the UBWC
showed a decline while the hectares of soy-

beans increased and wheat area was constant
(figure 7). However, no significant difference
(p = 0.155) in median corn hectares planted
occurred across the three time periods.

The multiple regression results (table 2)
indicated that total precipitation in May
and June had the greatest influence on
five of the eight atrazine response variables
(maximum, minimum, 95th percentile, post-
application mean, and standard deviation).
The hectares enrolled in NRCS 595 had the
greatest influence on the other three atra-
zine response variables (mean, median, and
number of months greater than the drinking
water standard) (table 2). The multiple regres-
sion analyses also indicated that the amount
of hectares enrolled in other EQIP conser-
vation practices and the amount of hectares
in corn, soybeans, and wheat had a minimal
influence on reservoir atrazine concentra-
tions (table 2). The multiple regression results
suggest that total precipitation in May and
June and the total hectares enrolled in NRCS
595 are the primary watershed and climatic
variables influencing reservoir atrazine con-
centrations within the Hoover Reservoir.
The multiple regression results with respect
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Figure 3

Mean monthly atrazine concentrations (whiskers represent standard error) in Hoover Reservoir
when no label restrictions were present (1985 to 1992; Period 1), after label restrictions were
applied (1993 to 1998; Period 2), and following implementation of EQIP targeting atrazine re-
duction (1999 to 2005; Period 3). Different letters indicate that mean concentrations are signifi- o
cantly (p < 0.05) different: Period 1 vs. Period 2 (p = 0.048), Period 1 vs. Period 3 (p < 0.01), and Stone and Gilliam (2009) who also observed
Period 2 vs. Period 3 (p = 0.012). that precipitation in May and June was one

of six influential variables influencing atra-
3.0 zine concentrations in streams and reservoirs
in the United States. Additionally, the sign
associated with the standardized coefticients
(table 2) consistently indicated that reservoir
T atrazine concentrations were positively cor-
204 related with May through June precipitation
T (positive sign) and reservoir atrazine con-
centrations were negatively correlated with
1.5 hectares enrolled in NRCS 595 (negative
sign). This finding also suggests that the use
of EQIP and NRCS 595 helped reduce the
1.0 - T atrazine concentrations in the reservoir.

In 2003, approximately two-thirds of the
a b c UBW(C area planted in corn received EQIP
payments for atrazine management. However,
this area represented only 16% of the total
agricultural cropland. These results suggest
that eliminating atrazine usage on two-thirds
of the planted corn area on an annual basis
Time period may have contributed to decreases in res-
ervoir concentrations below the drinking
water standard.

These study results, in conjunction with
Figure 4 related water treatment and local commu-
Mean monthly atrazine concentrations measured near Hoover Reservoir Dam for the three nity economic information, provide some
atrazine management periods. Error bars represent standard error. insight to the benefits of agricultural conser-
vation programs. A case study using City of
Columbus information follows. In 1997, the
City of Columbus brought a new powdered
activated carbon (PAC) feeder system on line
and documented the amount of PAC used.
PAC is often used by drinking water purvey-
ors for odor control and also for scrubbing
pesticides, such as atrazine, from raw waters.
In 1998, no PAC was used because of a dry
spring period. So, 1997 is the only time
period prior to EQIP with available data on
PAC usage. Using the average of 1997 and
1998 amounts as a baseline, the amount and
cost of PAC that the City of Columbus saved
in subsequent years were estimated. The
City of Columbus Division of Water saved
an estimated US$1.6 million by not having
to purchase and feed PAC for atrazine from

to the importance of total precipitation in
May and June are consistent with those of

2.5 4

0.5 1

Atrazine concentration (pug L)

0.0 ‘ ‘ T
1985 to 1992 1993 to 1998 1999 to 2005

5

Atrazine concentration (ug L)

0 \ \ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : : : 1999 through 2005 (table 3). The carbon
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec cost savings during the 1999 to 2005 EQIP
time period would have been much higher,
Month but the price of activated carbon fell from
-1 1y :
Legend near US$1,240 ¢ (US$1,1%5 ™) in 19?9
and before to near US$562 ¢! (US$510 tn™")
—e—— 1985 to 1992 —=—0—— 1993 t0 1998 - --=--¥--++- 1999 to 2005

since the beginning of 2005. Considering
the amount of monies spent on EQIP con-
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Figure 5
Total April to June precipitation during three atrazine management periods. Like letters within
each box indicate no significant difference between periods (p = 0.213). Whiskers represent

servation practices within the watershed, a
standard error.

US$2.04 drinking water treatment cost sav-
ings was realized for every dollar spent on
EQIP cost share from 1999 through 2005. If
400 T only the pest management or atrazine reduc-
tion practice (i.e., NRCS 595) allocations
T were used in the calculation, the return was
T US$2.73 for every dollar spent.

Residents in the five central Ohio coun-
ties within and adjacent to the UBWC and
a a a Hoover reservoir were surveyed via mail
200 - to determine their willingness to pay into
a local conservation fund for certain envi-
ronmental improvements through BMPs
(Tennity 2005). Although this survey did not
100 + directly calculate the value of reducing atra-
zine in this watershed, it did examine how
local citizens would value improvements in
drinking water. Specifically, the survey found
that local residents would be willing to pay
US$1.7 million per year to reduce the num-
Time period ber of drinks of Columbus water with poor
taste or bad odor by 5%. The special EQIP
program aimed at reducing atrazine applied
in the watershed appears to have contributed
to the reduction in the number of atrazine
exceedences greater than the drinking water
standard by greater than 90% (figure 3). It is
not possible to correlate atrazine concen-
tration exceedences with drinking water
1,200 taste and odor as examined in this survey,
but these results are instructive nonethe-

300 -+

April to June precipitation (mm)

1985 to 1992 1993 to 1998 1999 to 2005

Figure 6

Annual precipitation during the three atrazine management periods. Like letters within
each box indicate no significant difference between periods (p = 0.912). Whiskers represent
standard error.

T Ik I less. If citizens value atrazine reduction as
1,000 A much as improved drinking water taste and
odor, then they could be willing to pay up
to US$1.7 million per year for the atrazine
management program to continue. Over a
seven year period, the EQIP program actu-
ally spent only US$814,000, and the benefits
likely greatly outweigh the costs.

800 - € & d

600 -

400 4 Summary and Conclusions

Conservation practice dollars paid to farmers
in the UBWC appear to have contributed
200 ~ to reductions in atrazine concentrations in
Hoover Reservoir, a major drinking water
source for Columbus, Ohio. Since the late
1980s, atrazine concentrations in this res-
ervoir periodically exceeded the health
advisory limit of 3 ug L' To reduce these ele-
vated concentrations of atrazine, the City of
Columbus used PAC to filter all the drinking
water, incurring high water treatment costs.
Starting in 1999, farmers were paid through
EQIP for adopting one of four management
options to reduce atrazine application on the
fields they enrolled in this program. During

Annual precipitation (mm)

1985 to 1992 1993 to 1998 1999 to 2005

Time period
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Figure 7
Trend in corn, soybeans, and wheat hectares within the watershed for the period of
1985 to 2005.
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the assessment period following EQIP
implementation, only one monthly concen-
tration exceeded the maximum contaminant
level. From a financial standpoint, for every
dollar spent to implement the conservation
program, a US$2.04 savings was realized by
the City of Columbus in reduced purchases
of PAC to remove atrazine from the source
water of the drinking water supply.

Additionally, residents in this watershed
indicated a willingness to pay into a water
quality improvement fund annually in the
amount of US$1.7 million for improved
drinking water quality (taste and odor
removal). This suggests residents are willing to
pay twice as much annually for drinking water
quality improvement as NRCS provided for
EQIP throughout the entire seven year EQIP

period within this watershed. These findings
highlight the potential water quality and eco-
nomic benefits of voluntary watershed-scale
reductions in atrazine application within
agricultural watersheds for the protection of
surface drinking water sources that are threat-
ened by excess atrazine concentrations.
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