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Introduction

Tremendous progress has been made in the last
decade in biological pest control methodology such as
using pest-resistant crop varieties, promoting the
enhancement of natural pest predators and parasites,
using pheromone traps, releasing sterilized pest
insects, and applying microbial insecticides and
herbicides (Bacillus Ihuringiensis and Phytophlhora
palmivora are examples) (SChweizer 1988; Smith et al.
1983). However, since the late 1940's, synthetic
organic chemicals have been and still are used as the
primary means for pest control to sustain agricullural
production. The amount of active ingredients applied
to croplands increased 170% between 1964 and 1982
(Moody 1990). Currently over 300,000 tons of
chemical pesticides are annually applied to 330 million
acres of cropland in the U.S. (U.S. Department of
Agriculture 1988: U.S. Bureau of Census 1989).

Ground water surveys conducted during the last few
years have revealed the contamination of some of the
Nation's aquifers with both inorganic and organic
compounds, several of which are used in agriculture.
As belter and more sensitive pesticide analytical
methods were developed, the number and frequency
of occurrence of different pesticides detected
increased. Cohen et al. (1984) reported the
occurrence of 12 pesticides in ground water in 18
states; and just 2 years later, this had increased to at
least 17 pesticides in 23 states (Cohen et al. 1986).
A recent report indicates the presence of 46 different
pesticides in ground water samples from 26 states as
a result of -normal- agricultural practices (Williams et
al. 1988).

Since ground water is the source of drinking water for
about half the population of the U.S., these increasing
detections of pesticides in our aquifers have raised
questions regarding the environmental costs of
farming practices such as chemigation and
conservation tillage. The impact on ground water
quality of USDA decisions that promote the use of
conservation tillage to control soil erosion is of major
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national interest and concern because: a)
conservation tillage practices initially require an
increased use of pesticides, particularly herbicides to
control weeds that conventional tillage had previously
controlled, and b) the higher infiltration rates generally
associated with conservation tillage increase the
potential of these pesticides to leach below the root
zone to ground water (U.S. Department of Agriculture
1989; Leonard 1988). The USDA Research Plan for
Water Quality has as its general goal the protection
and enhancment of quality of the Nation's surface and
ground waters while sustaining agricultural activities.
Emphasis is on effects of conservation tillage practices
on surface and ground water quality, with the objective
to develop economically and environmentally sound
crop production systems. This information is lacking
for most of Mississippi, particularly the uplands of
northern Mississippi. This paper discusses the
National Sedimentation Laboratory's initial and
ongoing efforts in this very critical research area and
presents the pesticide data obtained thus far (i.e.,for
the 1990 crop year). Nutrient resulls and details of
field instrumentation are presented in companion
papers (Schreiber et al. 1991: Cullum et al. 1991).

Mention of a pesticide in this paper does not constitute
a recommendation for use by the U. S. Department of
Agriculture nor does it imply registration under FIFRA
as amended. Names of commercial products are
included for the benefit of the reader and do not imply
endorsement or preferential treatment by the U. S.
Department of Agricullure.

MATERIALS AND METHODS

The study was conducted on the Nelson Research
Farm located in the loess hills of northern Mississippi
near the town of Como. These fragipan soils are of
the Grenada, Loring, and Memphis series. In the fall
of 1989, runoff and shallow ground water sampling
sites were established on a 2.14-ha watershed
(WSHD 1 in Figure 1, mean slope about 4%) which
had been in minimum-tilt soybeans during 1988 and
1989. The runoff sampling site was instrumented for



automatic data and discharge-weighted composite
sample collection as described elsewhere (Grissinger
and Murphree 1991; Cullum et al. 1991). The three
shallow ground water sampling sites were located
along one edge of the watershed so as to minimize
disturbance to the watershed surface via foot traffic
during sampling. Each ground water sampling site
consisted of seven porous ceramic-eup samplers
(Soilmoisture Equipment Corp. model 1920) and
seven observation wells (sampling piezometers) each
at soil depths of 0.15, 0.30, 0.46, 0.61, 0.91, 1.22, and
1.52 m (I.e., 0.5, 1, 1.5,2,3,4,5 tt) placed within the
crop row and spaced 0.9 m apart. The sampling
interval in each well was from the bettom upward
about 7.5 cm.

Metribuzin (4-amino-6-tert-butyl-4,5-dihydro-3
methylthio-1,2,4-triazin-5-one, trade name Lexone) at
0.42 kglha and metolachlor [2-chloro-6'-ethyl-N
(2-methoxy-1-methylethyl)acet-o-toluidide, trade name
Dual] at 2.24 kglha were applied broadcast by ground
equipment in early May 1990 for preemerge weed
control over the entire watershed. In late May,
0-20-20 fertilizer was applied broadcast at 224 kglha,
followed 3 days later by no-till planting of soybeans
[Glycine max (L.) Merr., Delta Pine 415] at 50-56
kg/ha. In mid-June, the watershed was treated with a
broadcast application of acifluorfen-sodium [sodium
5-(2-chloro-a,a,a-trifluoro-p-tolyloxy)-2-nitrobenzoate,
trade name Blazer] at 0.28 kg/ha and bentazon
[3-isopropyl-(1 H)-benzo-2, 1,3-thiadiazin-4-one
2,2-dioxide, trade name Basagran] at 0.56 kglha for
postemerge weed control and with chlorpyrifos
( 0, O-d i et h y I 0-3,5, 6-t ri ch 10 ro -2 -py ri dy I
phosphorothioate, trade name Lorsban) at 0.56 kglha
for soil insect control. Ceramic-eup samplers and
observation wells were covered during pesticide
applications. Aliquots (abeut 300 mL) of all tank
mixes were obtained for confirmation of application
rates. None of these pesticides had previously been
applied to this watershed.

Usually within 12 h of a rainfall event, the composite
runoff sample, which was collected, was transported
in its stainless steel container (40-L capacity) to the
National Sedimentation Laberatory (NSL) and stored
at 4°C (usually <72 h) for pesticide and other
analyses. Each ceramic-eup sampler was pumped
dry, the water being discarded; and 30 KPa tension
was applied to the sampler. Each observation well
was also pumped dry and the water, discarded. Abeut
12-16 h later, the water (usually 0.1-0.3 L) in each
ceramic-cup sampler was collected (by applying
pressure to the sampler with a small hand pump) in a
1-L amber glass bettie with teflon-lined screw cap. At
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about the same lime, the depth to water In each
observation well was measured and recorded; a 1-L
sample was collected from each well (using a small,
hand-operated vacuum pump with teflon intake line) in
a 1-L bettie as just described. Excess well water was
discarded. Shallow ground water samples were
immediately transported to the NSL and also stored at
4°C (usually <72 h) for pesticide and other analyses.

Runoff and ground water samples were allowed to
come to room temperature (about 25°C) and Millipore
filtered at 0.45 11m. For metribuzin, metolachlor, and
chlorpyrifos analyses, a 100-mL aliquot of the water
phase was removed from each by volumetric pipette.
To each aliquot was added 1 g reagent-grade KCf and
25 mL pesticide-grade EtOAc. Pesticide extraction
was accomplished by sonification for 1 min,
partitioning in a separatory funnel, and discarding the
water phase. The EtOAc phase was dried over
anhydrous Na2S04 and brought to an appropriate
volume for gas chromatographic analysis. The
sediment (in runoff samples) from Millipore filtration
was oven-dried (105°C, 16 h), weighed, and
extracted with 100 mL distilled water, 1 g
reagent-grade KCf, and 25 mL pesticide-grade hexane
by sonification for 1 min. The mixture was partitioned
in a separatory funnel and the water phase was
discarded. The hexane phase was dried over
anhydrous Na2SO4 and brought to an appropriate
volume for gas chromatographic (gc) analysis.

Pesticide extracts were analyzed using a Tracor Model
540 gc equipped with Ni63 electron capture detector,
a Hewlett-Packard model 3396A integrator, and a 15
m X 0.53 mm J & W Scientific DB 210 (1.0 11m film
thickness) column. The carrier gas was ultra-high
purity helium at 12.7 cclmin and the column makeup
and detector purge gas was uijra-high purity nitrogen
at 60 and 10 cclmin, respectively. Column oven, inlet,
and detector temperatures were 180, 240, and 350°C,
respectively. Under these conditions, retention times
were 1.54, 2.02, and 3.17 min for metribuzin,
chlorpyrifos, and metolachlor, respectively. Mean
extraction efficiencies, based on fortified samples,
were >90% for all three pesticides from beth water
and sediment. Pesticide residues were confirmed with
a Tracor model 702 nitrogen-phosphorus detector.

Acifluorfen-sodium was extracted from acidified water
and/or sediment with ethyl ether and determined as its
methyl derivative according to the method of Adler et
al. (1978). Mean recoveries, based on fortified
samples, were 83-85%.

Bentazon was extracted from water and/or sediment
with pesticide-grade EtOAc and determined as its



pentafluorobenzyl derivative according to the method
of Gaynor and MacTavish (1981). Mean recoveries,
based on fortified samples, were 85-88%.

RESULTS AND DISCUSSION

Pendimethalin[M(1-ethylpropyl)-2,6-dinitro-3,4
xylidine, trade name Prowl] and f1uazifop-butyl {butyl
(R5)-2-[4-(5-trifluoromethyl-2-pyridyloxy)phenoxy]
propionate, trade name Fusilade} had been applied to
WSHD 1 in late spring of 1989, prior to our study, but
no residues of either of these herbicides or of any
other pesticides could be detected in runoff and
shallow ground water samples collected between the
fall of 1989 and early May of 1990 when metribuzin
and metolachlor were applied. For the 1990 crop
year, shallow ground water samples for pesticide
analyses were obtained from wells only.

There were only 4 runoff-producing rainfall events
after metribuzin and metolachlor application in early
May and prior to soybean harvest in early October
(Table 1). The highest herbicide concentrations
observed in discharge-weighted runoff samples were
111 and 535 llglL (ppb) metribuzin and metolachlor,
respectively, and occurred in the water phase of the
first runoff only 6 d after application. These
water-phase concentrations decreased rapidly for the
lirst 30 d after herbicide application, and by 85 d
(last runoff-producing rainfall event) were only 0.3
and 1.2 IlglL, respectively, each equivalent to <1% of
the .concentrations observed on day 6 (Figure 3).
The next runoff occurred after harvest, but no
herbicide residues could be detected (data not
shown). The greatest runoff losses of metribuzin and
metolachlor were about 11 and 56 glha, respectively,
and occurred 13 d after application as a resu~ of the
largest runoff event (about 60 mm). These losses
were solely in the water phase and represent 63%
and 65%, respectively, of the total runoff losses of
about 17 and 85 glha for the crop year. The total
runoff losses of metribuzin and metolachlor, expressed
as % of applied, were about the same, i.e. about 4%.
Individual storm losses, expressed as % of applied,
were also about the same for the two herbicides and
result from a combination of factors. The water
solubility of metribuzin (1200 mglL) is 2.26 times that
of metolachlor (530 mg/L) (Royal Society of
Chemistry, 1987). However, metolachlor was applied
at 5.33 times the application rate at which metribuzin
was applied. For recommended application rates, the
average field persistence of metolachlor (t 112=15-25 d)
is about one-half that of metribuzin (t l12=30-60 d)
(Weed Science Society of America 1983).
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Another factor to consider is the organic carbon
partition coefficient (Koc) for each compound. The
Kec is an adsorption constant based on the traction of
organic carbon in the soil and is calculated from the
adsorbed pesticide mass per unit mass of soil (Cg ,

usually in gig) divided by the product of the pesticide
concentration in solution in equilibrium with the soil
mass (Cw, usually in g/cc) and the fraction of organic
carbon in the soil (OC) (Leonard and Knisel 1988).
The reported Kec's of 24 cag for metribuzin and 181
cag for metolachlor indicate a greater tendency for
metribuzin to be partitioned toward the soil solution
than metolachlor (Jury et al. 1987).

No metribuzin and metolachlor residues were found in
the sediment phase of runoff, probably because of
their relatively high water solubilities and relatively low
Koc's compared to other pesticides which tend to
partition more toward the soiVsediment mass. Also,
sediment concentrations in runoff from this no-till
watershed were relatively low « 200 mglL) for each of
the 4 runoff events. No residues of
acifluorfen-sodium, bentazon, or chlorpyrifos were
detected in runoff from the single event which
occurred 48 d after their application. In addition to
having been applied at reduced rates,
acifluorfen-sodium (t1l2 =30-60 d) and bentazon
(persistence< 6 w) had probably undergone extensive
degradation by the time runoff occurred (Weed
Science Society of America 1983). Chlorpyrifos, with
its low water solubility (2 mglL) and high Koc (6070
cag), would not be detectable in runoff with very low
sediment loads (Royal Society of Chemistry 1987;
Jury et al. 1987).

Only three ground water-producing rainfall events
occurred atter metribuzin and metolachlor application
(Table 2). No ground water resu~ed trom the rainfall
that produced the last runoff event in Table 1. On
5/14/90, only 9 of the 21 wells contained sufficient
ground water for sampling. Metribuzin and metolachor
concentrations were highest at site 1 at the 1.52-m
depth, indicating significant movement of the
herbicides into the fragipan, possibly in the polygonal
seams. Herbicide concentrations at sites 2 and 3
were highest at the 0.61-m and 0.91-m depths,
respectively, and may have resulted from water
accumulating at the top of the fragipan after lateral
movement downslope (Grossman and Carlisle, 1969).
On 5/21/90, all 21 wells contained sufficient water for
sampling but no pattern of herbicide distribution in the
wells was apparent. At site 1, herbicide
concentrations were higher at the 0.15-m, 0.30-m,
0.61-m, and 1.52-m depths, with relatively small
amounts at the other 3 depths. At site 2, the higher
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herbicide concentrations were found at the 0.15-m,
0.46-m, 0.61-m, and 0.91-m depths; and at site 3, at
the 0.15-m, 0.91-m, and 1.52-m depths. On 6/4/90,
sufficient water for sampling was found in 15 wells,
and the highest herbicide concentrations were at the
1.52-m depth at site 1, the 0.61-m depth at site 2, and
the 1.52-m depth at site 3.

Metribuzin concentrations in shallow ground water for
each sampling date, site, and well depth, were always
lower than metolachlor concentrations. Therefore,
relative application rate must be more important than
relative water solubility and relative average field
persistence, at least in this Sfudy. Nothing more
should be said about distribution patterns of these two
herbicides in the shallow ground water until severai
more years of data are collected for this no-till
soybean watershed and for a companion
conventional-till watershed nearby. Hopefully, more
complete sets of samples for each sampling date will
be obtainable.

Both metribuzin and metolachior rapidly disappeared
from the shallow ground water (Figure 4). The mean
ground water concentrations for all sampled sites and
depths on 5/14/90 (6 d after application) were 23 and
67 IlgiL of metribuzin and metolachlor, respectively.
On 6/4/90 (27 d after application), these mean
concentrations had decreased to 1 and 3 IlglL,
respectiveiy. The most likely cause was extensive
biodegradation. Other factors contributing to this rapid
disappearance may have been: a) movement of the
herbicides out of the watershed in lateral subsurface
flow across the top of the fragipan and, b) movement
of the herbicides deeper into or possibly through the
fragipan. Herbicides moving across the top of the
fragipan could manifest themselves in surface flow at
some point downslope. Herbicides moving deeper
into the soil profile have a higher potential for
contaminating permanent ground water because of
reduced microbial activity and biodegradation rates at
greater depths (Federle, et al. 1986; Moorman and
Harper 1989). In order to discern this, deeper ground
water and extensive soil sampling, quantitation of
subsurface water flow, and mapping of the fragipan
surface by ground-pentetrating radar are planned for
the 1991 and succeeding crop years.

No measureable ground water resulted from rainfall
events which occurred after acifluorfen-sodium,
bentazon, and chlorpyrifos application in mid-June.

Thus far in this research, none of the herbicide
concentrations found in surface runoff and shallow
ground water appear to present any water quality
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problems. The ten-day health advisory for drinking
water is defined as "the concentration of a chemical in
drinking water that is not expected to cause any
adverse noncarcinogenic effects up to 14 consecutive
days of exposure, within a margin of safety," and for
metribuzin and metolachlor, respectively, is 5000 and
2000 IlgiL (U. S. Environmental Protection Agency,
1989). The analogous lifetime heaith advisories are
200 and 100 llg/L, respectively, and are based on a
70-kg adult human drinking 2 L water per day over a
lifetime, within a margin of safety (i.e., considering
uncertainty and relative source contribution factors).

In summary, metribuzin and metolachlor
concentrations in runoff water and shallow ground
water were initially relatively high but decreased
rapidly to aimost undetectable levels. The importance
of rainfall timing relative to pesticide application is
re-emphasized. The inconclusiveness of the results of
this 1-crop-year study reinforces the need for
additional years of data for this and other tillage
systems and the need for deeper ground water
sampling, quantitation of shallow ground water
movement, and comprehensive soil sampling.
Information about the effects of conservation tillage
practices on pesticide transport in surface runoff and
percolation to shallow ground water is needed for
development of improved agrichemical transport
models and resulting agrichemical management
systems.

ACKNOWLEDGEMENT

The authors are grateful for the able assistance of
Kenneth Dalton, Steve Smith, and James Hill in
conducting this study. We especially thank Dr. Earl
Grissinger for technical advice.

REFERENCES

Adler, I. L., L. L. Augenstein, and T. D. Rogerson.
1978. Gas-liquid chromatographic determination
of sodium 5-[2-chloro-4-(trifluoromethyl)phenoxy]
2-nitrobenzoate residues on soybeans and
foiiage, milk, and liver. J. Assoc. Off. Anal.
Chern. 61(6): 1456-1458.

Cohen, S. Z., S. M. Creeger, R. F. Carsel, and C. G.
Enfield. 1984. Potential pesticide contamination
of groundwater from agricultural uses. 297-325.
In R. F. Krueger and J. N. Seiber (eds.),
Treatment and disposal of pesticide wastes.
ACS Symposium Series 259. Amer. Chern. Soc.,
Washington, D.C.



Cohen, S. Z., E. Eiden, and M. N. Lorber. 1986.
Monitoring ground water for pesticides. 184-196.
In W. Y. Garner, R. C. Honeycutt, and H. N. Nigg
(eds.), Evaluation of pesticides in ground water.
ACS Symposium Series 315. Amer. Chem. Soc.,
Washington, D.C.

Cullum, R. F., J. D. Schreiber, S. Smith, Jr., and E. H.
Grissinger. 1991. Instrumentation to quantify
and sample surface runoff and shallow ground
water. Proc. Miss. Water Resources Conf. 1991.
(in press)

Federle, T. W., D. C. Dobbins, J. R.
Thornton-Manning, and D. D. Jones. 1986.
Microbial biomass, activity, and community
structure in subsurface soils. Ground Water
24(3): 365-374.

Gaynor, J. D. and D. C. MacTavish. 1981.
Pentafluorobenzyl, (trifluoromethyl)benzyl, and
diazomethane alkylation of bentazon for residue
determination in soil by gas chromatography. J.
Agric. Food Chem. 29: 626-629.

Grissinger, E. H. and C. E. Murphree, Jr. 1991.
Instrumentation for upland erosion research.
Proc. 5th Fed. Interagency Sed. ConI., March
18-21,1991. Las Vegas, Nevada. (In press)

Grossman, R. B. and F. J. Carlisle. 1969. Fragipan
soils of the eastern United States. Adv. Agron.
21: 237-279.

Jury, W. A., D. D. Focht, and W. J. Farmer. 1987.
Evaluation of pesticide groundwater pollution
potential from standard indices of soil-chemical
adsorption and biodegradation. J. Environ. Qual.
16: 422-428.

Leonard, R. A. 1988. Herbicides in surface waters.
45-87. In R. Grover (ed.), Environmental
Chemistry of Herbicides. CRC Publishing Co.,
Boca Raton, FL.

Leonard, R. A. and W. G. Knisel. 1988. Evaluating
groundwater contamination potential from
herbicide use. Weed Technol. 2: 207-216.

Moody, D. W. 1990. Groundwater contamination in
the United States. J. Soil & Water Conserv.
45(2): 170-179.

Moorman, T. B. and S. S. Harper. 1989.
Transformation and mineralization of metribuzin

71

in surface and subsurface horizons of a
Mississippi Delta soil. J. Environ. Qual. 18:
302-306.

Royal Society of Chemistry. 1987. Agrochemicals
Handbook 2nd ed. D. Hartley and H. Kidd (oos.),
Nottingham, England.

Schreiber, J. D., S. Smith, Jr., R. F. Cullum, and E. H.
Grissinger. 1991. Plant nutrients in shallow
ground water and surface runoff of a north
Mississippi soybean watershed. Proc. Miss.
Water Resources Conf. 1991. (in press)

Schweizer, E. E. 1988. New technological
developments to reduce groundwater
contamination by herbicides. Weed Technol. 2:
223-227.

Smith, S., T. E. Reagan, J. L. Flynn, and G. H. Willis.
1983. Azinphosmethyl and fenvalerate runoff
loss from a sugarcane-insect IPM system. J.
Environ. Qual. 12(4): 534-537.

U.S. Bureau of Census. 1989. Statistical abstract of
the United States 1989. Washington, D.C.

U.S. Department 01 Agriculture. 1988. ARS Strategic
groundwater plan 1. Pesticides. Agricultural
Research Service. Washington, D.C.

U.S. Department of Agricuijure. 1989. USDA
research plan for water quality. Agricultural
Research Service and Cooperative State
Research Service. Washington, D.C.

U.S. Environmental Protection Agency. 1989.
Drinking water health advisory: Pesticides. U. S.
Environmental Protection Agency, Office of
Drinking Water Heaith Advisories. Lewis
Publishers, Inc., Chelsea, Michigan.

Weed SCience Society of America. 1983. Herbicide
handbook 5th ed. Champaign, IL.

Williams, W. M., P. W. Holden, D. W. Parsons, and M.
N. Lorber. 1988. Pesticides in groundwater
data base. 1988 Interim Rpt. U. S. Environ.
Protection Agency. Washington, D.C.




