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INTRooUcnON

The Agnc:ultural Research service of the USDA has a
ground and surface water quality protection progrnm
In which the general goal is 10 "assess what effect
agriCulture has on water quaity and develop nINI

agncultural management practices and systems that
are (X)Sl effectiVe and will protect and enhance water
~(U. S. DepattlTl8ntof Agrio..lIlure 1991). There
1& increased emphasis on increasing our
knoWIedgeJUnderstandJng of !tie late and traI\$pOrt of
agndlemlCa1s in agncultural ecosystefr'l9. Another
researd'1 emphasis area Is the evaluation and
optJmrzabon of no-lil and other conservation tilage
and residue m8l'1aQement systems to increase SOil
orQallic: maner, nfiItration, and sol bioIogic:aI adivity
and 10 reduce runoff and eroslOrl while controllng
agnchermcal buiklJp ifI ground water.

Increasing detections of agnc::hemicals in our Nation's
aquders have ratSed questions regarding the
enwonmental costs of recommended lanTIlng
pradices such as conservation liDage. Conservation
Ii_age practlces Initlally require an inCreased use of
hert:llcldes to control weeds that are usuaDy controlled
with conventIOnal tinage practices. Acklitlol'\ally,
Increased infiltration generally associated with
conservation Wlage Is of concem because 01 the
potential Increased threat of contamination 01 these
aqulters with agrichemicals. Intonnation about the
eltec:t:s 01 conservation tillage practices on ground and
surlace water quality is lacking lor most 01 Mississippi,
particularly the Ioesslal uplands In the nofthem part 01
the Slate. This paper discusses the USDA·Nationai
sedimentation Laboratory's oontlnulng efforts In this
Important renarch area and presents some of the
IIndlngs to date regarding pesticide transport.
Inlormatlon about nutrient transport. water movement.
and !leld Instrumentation Is presented In companion
papers {SChreiber 1992; Cullum 1992).

MATEfUAL$ AND MEniODS

The study was conducted on the Nelson Research
Farm located In the Ioessial uplands 01 noftham

Mississippi in Tate countY near the town of Como.
The fragipan solis are of the Grenada. Loring, and
Memphis series. Runoff and shaIow IVOUnd water
~ slt&s were established on a 2.14-ha
watershed (WSHD 1) In the ld of 1989 and 011 an
adjacem 2.1 MIa watershed (WSHD 2) In the fall of
1990 (FlIQUre 1). Each watershed had a mean siope
01 about 4% and had been In mlnlmum-dl soybeans
clJring 1988 and 1989. Eac:tt runoff sampling site was
Instrumented tor automatic: data and discharge
weighted composite sample c:oIeaion as described in
detail by Grissinger and Murptv88 (1991) and ClAIm
et aL (1991). 1lV'8e shallow ornund WlII8r sampling
sites were located along one edge of each watershed
ICI minimize dlsturtlaoCe 10 the watershed via fOOl
traffIC during sampling (F.gure 1). DetaDed
desaipdon$ of the ground water samplng sites and 01
the runo" and ground WaIIH sampIng and handling
proc:8O.Jres were reported previously (Smith at aL
1991).

P85Iic:ide analyses 01 soil, sediment, and water were
also oonduaed as prrAously r&ported (Smith et aI.
1991), with the following exceptions. The gas
d'V'omatographs were equipped with Dynatech
Precision QC-411V autosamplers 10 facilitaIe
unattended Injection of samples. A PE Nelson 2700
ehromatography data system, conslstlng 01 tt1ree
model 970 Interlaces, TutbOchrom 3 sollware, and a
mlerocomputer with color printer, was used lor
automated quantlfk:allon and reponlng 01 pt'Sticlde
peak data Including gas etvomatograma. A multl-Ievel
calibfation procedure was used with standards and
samples InieCt&d in triplicate. Calibration aJrves were
updated every tenth sample. limits 01 detection were
0.05-0.5 ppb depending upon the pestlclda.

In May 1990 and 1991, metrlbuzln (4-amlno-6--tert
butYI.4tt,dihydrO-3-methYlthlo-1,2,4.ttlazln-s.one,
Letone· '..J at 0.42 kWha and metolechlor (2-<:hlor0-6'
ethyl-M(2·melhOlty·,-methylethyljacet-o-toluldlde,
0u8l~ at 2.24 kWha were applied broadcast by
ground &qIJiprnent to each watershed lor preemerge
weed conuol. In late May lertlllzer (0·20-20) was also
applied broadcast at 224 kQfha In 1990 and at 280



..

kWha in 1991. Also In 1811 May. WSHO 1 wu no-tiU
planted both years in soybeans (G/)'cine max (L)
Merr.. Delta Pine 415) at SO·56 kglha. WSHO 2 was
conventiolIaIIy \Iliad both years j!st prior to soybean
planting (same rate as WSHD 1). In lTlld~neof both
years, each watershed was treated with a broadcast
application of aalluorferHOdium [sodium 5-(2-<Horo
o..Q.,et-tnt!uofo-"""dtIoxy}-2-f'YlrObenlOate. Bla2er~ at
0.28 k¢1a and bentazon 13-isopfopy1-(l""-benzo
2,1,3-lhiadiazll1-4-one 2.2'1fioxoe, Basagran~ at
0.56 kgIha lor postemerge weed control and with
chIorpyrifos (O,O<Iiethyl Q.3,5.6-tric:hIoto-2-pyridy1
phosphofothioate. Lorsban'"") al 0.56 kgnla !of soil
insect control. 5ampIiog lnsl1Umentation was coYefed
dunng pesticide and fertilizer applications. A1iquOlS of
aM spray tank mixes were obtained lor confim1atlon of
pesticide application rates.

Results and Discussion

Rune!!

As reported previously (Smith ,t at 1991). only"
runoff-producing rainfall evenlS occurred during the
1990 crop year. alter the preemerge hertlk:ldes
metribuzin and metolachlof were applied to WSHD 1
(no·tilij and prior 10 soybean twvestln early OCtober.
Metribuzin and metolachlor concentrations in the waler
phase of runetl were 111 and 535 ppb ~l,

respectively, 6 d after applicalion (Table 1). By 27 d
after appIic:atlOtl. these values had decreilSlld 10 <3
ppb; by clay as. the helbades were almost
undetectable. A striIungty SImilar do-ard trend In
concentrations was observed dunng crop year 1991
(Table 2). Metribu2in an:! metolachlor co"ce"b ations
were 223 and S25 ppb, respectIVely. 5 d after
app!icatlOn (first runotl-prodUCW'IQ rau'lfaI) and by clay
103. neither herbicide could be detected In runoff
water. However. total losses of melribuzin and
metotachlor in runoff water dunng crop year 1991
were about 20 and 9%. respectively, 01 the amounts
applied. Of about 5 and 2.5 times the respective
Io5ses (about 4% lor each herbicide) during aop year
1990. This can be explained by examining the runotl
pattern each year. In both yeano.the first runetl event
occurred within 1 walter herbicide application;
however. the Ilrst runoff In 1991 was about 7 times the
Ilrst runoff In 1990. By the time the second runotl
event occurred eaCh yeal (day 13m 1990 and day 23
In 1991). less herbicide wu available at the soil
surface for runoff because 01 other loss ractors such
as biodegradation. leaching, and possibly volatiUzation
and pI'lotodegradattoo. Although almost 60 mm runoff
occurred in the second event In 1990, the Io6s was
only about 2.5% of that applied lor each herbicide.

In crop year 1991. herbIclde concentrations and losses
In the water phase oIlUnoff from the no-tiIl (WSHO 1)
and conventional-tIM (WSHO 2) watersheds were
aknost the same (Tables 2 & 3), Metribuzin and
metolachlor conr:entriltions were highest In !he firsl.
runott eveI1 (4-5 d after application) and reached
IeveI8 noted above lor WSHD 1 and 241 and S90 ppb
lor WSHO 2. Total seasonal Io$S8$ at me h8fblddes
!rom the watersheds (20 and 9% metribuzln and
metoIachIor lrom WSHO 1 an:! 23 and 11 % !rom
WSHD 2.r~) were almilat also. but higher
lor WSHO 2 by a laaor of about 1.2 IOf each
hertliade. Total runotllrom WSHO 2 (76 mm) during
theg~ season was grealer than that !rom WSHD
, (64 mm). also by a ladOr of about 1.2. accounting
lor the differences In soJutton.phase losses 01 the
herbicides lrom the wat&rSheds.

No nt8lrlbu2in and metolachlor residues were detected
In the sediment phase 01 runoff rtom WSHD 1 In
either \990 or 1991 because of the low sedlmem
concentrations In runoff (abouI35-550 mgll. Tables 1
& 2). The relatively low organic carbon pattitlon
ooefflclenlS (Koc's) and relatively high water
BOlubiUtIu ($H,o's) of metribu2in and metolachlor
(FIgure 2) resulted In these herblc:ide5 being
transported In runotl almost entirety in the water
(sokI1Ion) phase. Metribuzin and metOl8ChJor residues
were detected in the sediment phas8 oj runolf Irom
WSHO 2 in 1991, because of d'MI much higher
sediment c:oncentrations In runoff (aboul7000-55,OOO
mgIl. Table <4) resulting !rom tIIage operations
(cultlvations). H'1Qhesl hefbic:ide c::oncentratlOo in
Mdlment were about 90 an:! 312 ppb (JlgIkg) lor
metribuzin and metolachlot, respec:tlvety. and occurred
In ltIIl lim n.nolI (4 d afutr application). Total
seasonal hertlic:ide Iocses in sediment, were onty 0.1
0.2% 01 applied and again ren8Cl8Cl the strong
panitIoning of the hetblcldes lOWard the soIudon phase
of runoff. The haeaI5ed sediment concentrations in
nmofl 22 an:! 63 d after~ applicatlon were the
result of cultivations In June and July.

No residues of adftJorlen·l5OdIum. benta:zon. or
chIotpyrilOl5 were detected In runoff !rom events that
occurred after their application In mld-June eactt year
because the compounds were applied at reduced
ratea and had probably undergone axtenslve
degradation bY the time the Ilrst runotl event Qa;:lJrred
(Smith at aI. 1991).

Shallow Ground Water

No1 all runoll-produeing rainfall events produced
shaJIow oroun:l water for samplng as evidenced by



the observation well data In Tables 5 & 6 lor WSHD 1
In crop years 1990 and 1991, respectivtlly, and In
Table 7 lor WSHD 2 In crop year 1991. Herbldde
concernratlons In the wells 01 WSHD 1 (balh ye3fS)
showed that balh metribuzln snd melolachlor rapidly
move downward to !he lragilWl (about 0.6 m below
soilaurtace) W1th the firsl rai'\laI event attar herbicide
application. Ful'1hermol'e,!he herbicides penelIated at
Ieut 0.9 m Into !he fr'agtpan, parlicularly at site 1
(most upslope Ille) with concentrations reaching 46
and '51 ppb lor meltibuzln and 72 and 254 ppb for
metoIad'IIor In 1990 and 1991, respectively. Fragipan
peoetralion by water (and solutes) may resull lrom
movement Into "'fingers" (polygonal seams) of more
permeable material lhat naturaly 0CCUt in lhe tracJipan.
Herblc:lde concentrations In ground wzer z sites 2 "
3 suggest substantial lateral movement of the
twHbiddes down5IoplI. The data further suggest some
hef'blcicIe ac:c:umulatlon In the upper pan of the
II'8gIpal1 as wei u penetrallon info the fragipan. The
other ground water-produdng rainfall events in 1990
occurred 13 and 27 d attar herbiade app!icalion
resuttng In water In 21 and 15 web, respedivety
(Table 5). The rainfaB on day 13 (112 mm) oc:c:urtlId
orIy 1 w aft... the tnt rainfaD, whereas the rainfal on
day 27 (25 mm) occurred 2 w after the second ralnfal,
allowing the soil prolIIe more time to dry between
rawal eventl. Herbiade concentrations were quite
variable and randomly disrilutad both limes lrom 0.15
m down 10 1.5 m. In 1991, the other ground water
producing rainfd event in WSHD 1 occurred 23 d
after hertlldde application resulting In water In 6 of the
21 wells (Table 6). This second rainlal (59 mm)
occurred >2 w after the first rainlal (71 mm), lhus
allowing the soli profile that time interval 10 dry.
Again, herbicide concentralions were variable, with no
dlstrilutlon panem lIVIcfent other than general
movemenl to and Into the fraglpan.

In 1991, thelirst wound water-producing ralnlau &Vent
occurred only" d attef herbicide a.ppIicatlon on WSHD
2. The herblcldes penelIsted the lraglpan at the two
uppennost sltu (1 & 2) but remained above the
lraglpan at site 3 (Table 7). However, maximum
herbicide concentl1ltlons found were -dl ppb
regardless 01 depm. The second I1llnlall event, which
produced runoll on both watersheds and ground water
In WSHD 1, railed to produce ground water in any of
the wells In WSHD 2.

Herbicide concentrations In shallow ground water
d&Cl'elUled rapidly during the growing season. The
next ground water·producing rainfall events did not
OCQJr until alte, soybean harvesl In OCtober of each
year and no herbtCKfes COIJld be detected. Probable

contrlbuling 'ectofs were rapid herbicide
biodegradation (short hall-lives. t l12's In FIgure 2),
mov.",enl of lhe herbicides out of the watersheds In
lateral subsurface flow, and movement 01 the
herbicides deeper Into Of possibly thl'OU9h the
fraglpan.

Conclu.llons

WIlh re;ard 10 hettlk:IdeI; In M'lOft, IoUe:s W8fe
primarily dependent on lhe amount of runotlln the llrsl
runoff event after applIcatlon and wefe independent 01
established lilage practice such as oo-Iil. which
reduced sediment loss by about IWO orders of
magnitude axnpared 10 c:onventionaI lillage.
SUbstandaI hlil'blc:ide losses (as much as 10-20%)
resulted when 35 nvn or morll of runoff occurred
wilNn 1 w of bft)adcut (lUri'ace) applications of
f8IatIvety wa1lll' sokJbIe hertlk:idn such as metribuzln
and ffi8lolac:hlor. WIth regard 10 hlIrblddes In shallow
ground waler, !he no-til practice provided a ~aIer

potentlaIlor hertic:ide leaching InIO !he soil profiI,

In the tall of 1991, deeper (3.0 m) observation wells
weAl InstaDed at II shallow ground water sampling
sites. These weill penetrated an addibonaI 1.5 m
into the fragIpa:n. In the spring of 1992 prior to
soybean ptantIng and herbicil:ie appIicalions, efforts
wi be made to nstal 6-m deep observations wells at
aI shallow ground water sampling lites. These web
wi emwely penelr81t the fragipan to the coastal plain
sand (parent material) below. If any 01 the
agrictlemicall movelhrough the fraglpan, the potential
for contaminatlon of deeper, mOAl permanent ground
water Increases dramatlcaJ:y, lJlborator{ studies are
ongoing to determine me relative blocIegradation rates
of metrlbuzln and matolachlor In soil material taken
lrom above, within, and below the lrlllgipan. Future
elfortlinclude usIng FTlA (FOUrief Transform Infrared
Spectrometry) 10 c:haracterize soil organic maner, as
affected by tillage practice, and relate organic
functional group analyses to herbicide
Ieachlnglretentlon.
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Figure 1. Watershed runoff and shallow ground water sampling sites.
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Figure 2_ Basic structures and selected properties of herbicides found.




