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INTRODUCTION

Pesticide contamination of groundwater has become a
major concern by the U. S. Environmental Protection
Agency in recent years. The main source of drinking water
in the United States is groundwater which is used by over
50% of the overall population and 95% of the ruraJ
population (Cheng and Koskinen 1995). Farm communities
in the United States that are actively involved in crop
production use pesticides to sustain yields. Most aquifers
which are the sources of drinking water are recharged by
downward movement of surface water through the soil
profile. The primary soil and molecular factors affecting
the lranspon of pesticides to the groundwater have been
well documented (Wagenet and Hutson 1986).

There is much unknown about the extent of pesticide
contamination of groundwater in Arkansas. Several
research projects. in recent years, have been conducted
where wells used for domestic and irrigation water uses
have been sampled and analyzed for pesticides (Lavy et al.
1988; Nichols et al. 1993). For stale and federal regulatory
agencies. evaluation of the potential groundwater
contamination begins with considering those areas in the
state where pesticides are used. With relatively large
cropland and only limited financial resources available for
chemical analyses, the question of where these agencies
should begin to sample the groundwater for pesticides is
peninen!. Therefore, there is a need to develop a scheme
that can be used to optimize the available. but scarce.
resources. It was the objective of this study to estimate
areas in Woodruff County. Arkansas. where the
groundwater was highly vulnerable to pesticide
contamination and to simulate the lranSpon of mobile
pesticides in those areas.

MATERIALS AND METHODS

Study Site Location. The location of the study site was
Woodruff County, Arkansas. Woodruff County lies in the
Mississippi Alluvial Valley in eastern Arkansas. It consists
of about 153.340 ha with 71 % in farmland and 53% in
crop harvested. The 1992 statistical repons on agricultural
landuse documented that about 56.275 ha were planted in
soybean; 22.672 ha in rice; 2.227 ha in colton; 3.927 ha in
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com; 9,514 ha in grain sorghum; and 13.765 ha in double
cropped wheat (Arkansas Agricultural Statistics 1992). The
Arkansas Soil and Water Conservation Commission
recorded 1,108 irrigation wells in the county.

Determination of the Vulnerable Areas. The estimation
of areas where the groundwater was vulnerable to pesticide
contamination was accomplished by using a pesticide
vulnerability model along with geographic information
systems (GIS) techniques. The groundwater vulnerability
model used in this study considered the characteristics
given in Table I. For each model characteristic. ranges
within a factor were multiplied by the weighting factor.
The resulting value was summed over the seven
characteristics and the total designated as a pesticide
groundwater vulnerability index (PGV!). The higher the
PGVI, the more vulnerable the groundwater to pesticide
contamination. The PGV! for a given area was then
normalized to a scale of I to 100 by dividing the PGV! by
the total possible index of 276 and multiplied by 100.
Three sandy loam soils of the Bosket. BuUtown. and
WiviUe series were identified as having relatively high
(~80) PGV!. The spatial disoibution of the relative high
PGVI for Woodruff County is presented in Figure I. A
complete description of each model characteristic is given
elsewhere (Smith et al. 1994).

Simulation of Pesticide Transport in Soil. The pesticide
transpon model chosen for this study was the Chemical
Movement in Layered Soils (CMLS) model. This model
has been fully described elsewhere (Nofziger and Hornsby
1986) and a revised version (Nofziger and Hornsby 1993)
of the simulator was used in this work. The concept
employed in the development of CMLS was that solute is
moved by piston displacement through the soil profile and
assumed that all rainfall or irrigation water inflllrated the
soil. Since the intent of this work was to simulate a worse
case scenario for pesticides loading of the vadose wne in
sandy soils. the use of this model was appropriate.
Simulation of pesticide transpon through the soil proflle
requires considerable inputs on soil characteristics at the
vulnerable sites. the types and characteristics of the
pesticides applied. and weather data. These data were
obtained from a variety of sources (Soil Conservation
Service 1993; Wauchope 1992; Arkansas Extension Service



1992). The crop. soil. and pesticide input parameters for
CMLS are presented in Table 2. Estimated area of
soybean treated with pesticides. rale of pesticide
application. and pesticide characteristics are presented in
Table 3. Selected soil chemical and physical propenies are
presented in Table 4. Four pesticides were used in the
simulation for each soil wilh soybean IGlycine max (L)
MelT.] as the ICst crop in one growing season. However.
the simulation was continued for 365 days. The pesticides
applied in the simulalion were bentazon 13-isopropyl-Oh)­
benzo-2.1.3-thiadiazin-4-one 2.2-dioxide. trade narne
Bassagram] at 0.84 kg a.i/ha. irnazaquin {2-[4.5-dihydr0-4­
methyl-4-( l-melhylethyl)-5-oxo-1 H-imidazol-2-yl]-3­
quinolinecarboxylic acid. trade name Scepter} at 0.12 kg
aj./ha. linuron [N·-(3.4-diehlorophenyl)·N-methoxy-N­
methylurea. trade narne Lorox] at 0.42 kg aj./ha. and
meto lach lor [2-c h loro-6-e IhY1- N·(2-methoxy·
Imethylelhyl)acel-o-Ioluidide. trade name Dual] at 2.24 kg
aj./ha Date of applicalion for imazaquin and metolachlor
was 1 June 1993 and for bentazon and linuron was 16 June
1993.

remaining. while metolaehlor had the highesl (5.8). The
mass remaining for imazaquin was 1.3% and that of
Iinuron was 1.4%. The front of bentazon was located Ihe
deepest (261 to 324 cm). while Iinuron was located the
shallowesl (29 to 32 em. Table 5). The location of the
front of Iinuron was not surprising since it was the most
sorbing of all the pesticides used in the simulalion.
Assessment of pesticides in the vadose rone and
groundwater is largely dependent on the nature and
propeny of the pesticides. the quanlity of the pesticides
applied. the hydraulic and physical propenies of Ihe
aquifer. and the degree of health hazards they may pose in
the environment (Moreau and Danielson 1990). As was
illustrated in the simulation. soil propenies and pesticide
sorption characteristics played major roles in determining
the position of Ihe pesticides in the soil afler one year of
elapsed time. It was shown that pesticides with high
panition coefficients (i.e. the sorptive ability of the soil­
pesticide combination) have large impact on the peslicides
redistribution in the soil profile (Tables 3 and 5). This
impact. on some cases. may be influenced by the organic
carbon content in the soil.

Weather Data. Weather data used in the simulation was
generated by a submodel. Wealher Generator. WGEN
(Richard and Wright 1984). The submodel provided
generated values of rainfall. maximum and minimum air
lemperatures. and solar radiation for n-years period at a
given location. The ralionale was thaI the occurrence of
rainfall on a given day had a major influence on
temperature and solar radiation for that day. Edwards and
Mayfield (1990) provided WGEN paramelers near the
study site and a complete description of WGEN is given
elsewhere (Richard and Wright 1984).

RESULTS AND DISCUSSION

Three of the pesticides simulated had medium leaching
potential except for imazaquin with a high potential to
leach. The physico-chemical process of fluid movement in
the soil profile is of prime imponance in the study of
groundwater loading. While the leaching potentials of the
pesticides under study ranged from medium to high. the
maximum depth of the leasl sorbing peslieide (imazaquin)
was less than 5 m (Table 5). Groundwater monitoring for
possible contaminants requires a syslematic scheme to
identify the loci of contamination. The combination of GIS
and pesticide transpon model can be useful in predicting
the most vulnerable localions of groundwaler for pesticide
contamination.
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Table 1. Characteristics and weighting factors of the
groundwater vulnerability model.

Model Characteristics Weighting Factor

Depth to groundwater 5

Recharge 4

Aquifer Media 2

Soil Influence 6

Topography 3

Impact of Vadose Zone 7

Conductivity of the Aquifer 2

Table 2. Crop, soil and pesticide input parameters required for CMLS.

Crop parameter

Soil Parameter
(required by depth)

Pesticide parameter

'Crop coefficient
'Rooting depth

'Organic carbon
'Percent saturated
water content
'Percent drainage upper limit
'Percent drainage lower limit
'Sulk density

'Half-life
'Partition coefficient
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Table 3. Estimated area of soybean treated with pesticides in Woodruff County,
application rates and pesticides characteristics.

Rate of Half· Partition Leachin~
Pesticide Area application life' coefficient' potentia

(hal (kg a.iJha) (days) (mllg Dc)

Bentazon 9.567 0.84 20 34 Medium

Imazaquin 16.883 0.12 60 20 High

Unuron 2,251 0.42 60 400 Medium

Metolachlor 14.069 2.24 90 200 Medium

'Adopted from Wauchope 1992.

'Adopted from Arkansas Cooperative Extension service 1992.
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Table 4. selected soil chemical and physical characteristics required for CMLS.

Soil Depth OC sat DUL LL BD

(m) ________ • _____ % •• - - • - - - - - - ••• (glcm')

Basket sl 046 0.73 42.5 18.9 59 140

086 0.29 42.5 18.9 59 1.40

1.22 0.29 43.1 29.0 180 1.38

1.52 0.29 42.5 18.9 5.9 1.40

Bulltawn sl 0.20 0.73 37.4 18.8 6.3 1.55

0.66 044 37.4 18.9 6.5 1.55

1.30 044 39.7 204 19.5 148

1.75 044 374 196 17.6 1.55

2.03 0.44 374 17.5 5.9 1.55

Wiville sl 0.28 0.73 39.1 241 96 1.50

046 0.44 38.0 205 8.8 1.53

1.43 044 38.0 21.2 10.4 1.53

1.62 044 38.0 23.2 9.1 1.53

2.03 044 37.4 19.8 7.3 1.55
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Table 5. Maximum depth (em) as a function of pesticides after one year of simulation.

Pesticide

Bentazon

Imazaquin

Linuron

MelolaChlor

Bosket 51

323.9

198.6

30.3

32.7
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Bulltown 51

278.6

186.1

32.2

37.1

Wivillesl

261.2

172.5

28.9

32.4
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