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Fffoct Of Hewxazinone ON Groundwater Quality in the Coastal Plain.
P.R. Rush*, Univ. of GA, Athens, GA: J. Michael, 1S Forest Svc,,
auburn, AL; D.G. Neary, US Forest Syc.,,Gainesville, FiL;: K.V.
Miller, Univ. of GA, Athens, GA (3}

ARSTRACT

Hexazinone (F-Cyclohexyl-f-{dimethyl-aminol-l-methyl-1,3,5~
triazine-2,4{1H,3H)-dione) was appli eA as the pelleted
formulation Pronone 178G a n d the liquid Velpar L formulation to
coastal plain study sites near Barnwell, Sonth Carol jna and
Huaghes Tsltand Florida, resprctively. Thege sandy sites were well
drained and surface runoff was not ohserved at ejther si1te,
Pronone application resultedin a shift towards a grass dominated
nnderstory, Pronone 149G applicationt o the Rarnwell1,S C  site
resul ted i n no detectable groundwater residuesup to 2  years
post-appliration. Velpar L applicationt o the Hughesislandsite
rogulted in no persistent detectable residucs in a down gradient
stream 0  pond, One positive hexazinone resicdue pond sample was
ohserved 1l 5 days post-treatment after thr first rain event,
cignificant Thexazinone residues {18-35 pphYywerse found in test
wells located within the treatment area ! year post-application.
Hexazinone residues were noOt detectedin up qgradicnt, down
gradient or control well samples throughout the study period.

Introduct ion

Control of competing vegetationis ane of thr most important
gteps  in forest site preparation in the southeast Coastal Plain.
While mechanical poreparationis still] used extensively, physica
site dearadation, accessihility problems on poorly drain-d soils,
and hiabh cost have resnlted i n asignificant shift to chemical
weed control in the past 5 vears.

Hexazinone is registerad for both site preparation and pine
release in southern pine culture, The herbicifes is absorbed hy
roots and readily translocated to active sites in the plant.
Come of the ahsorbed Mmaterial is metabolized by the nplant. n
so01l, hexazinone is metabolized to some extent by microbes and
and several metaholitrs have heen identified (1), Metaholism is
more complete in clay than in sandy soil (2. Where there  is
sufficient microhial activity, the reduction of hexazinonr to 002
ie accomplighed, The half 1ife of hexazinone in soil may ranae
from 1 month to 12 months, The movement of residues throuah the
5011 profile is known to he much faster in ecoarse than in fine
toxturet soils (7}, How deep the compounds move, and to what
extent they contaminate groundwater are not known.
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Hexazinone 1is relatively stable in water and shows little
tendency to hydrolyze over periods of uo to 2 months (3), Tt is
slowly Adegraded in agueous solution under light and the princiral
photodearadation products are the demethylated and hydroxvlated
metabolites feound in s0il and plant tissues,

Cff site movement from upper Piedmont watersheds has been
reported (4}, Cubsurface flow in the sandy locamy typic hapludult
sopils was recorde? geveral months followinag treatment. Recause
potential movement throuah the deep sands of the central
highlands of Florida and the coastal nlain would be faster than
that ohserved in the loamy soils of +the wountains, it is
necessary to determine the potential for arcundwater
contamination in this area,.

The objective of these study was to monitor the movement of
hexazinone to groundwater in tynical farest manaagepent
applications in the southeastern coastal plain. Hexazinone was
applie? as the nelleted formulation (Prconone! or Velpar L and
aroundwater concrntrations of hexazinone wore measured,

METHODS
Site Descriotion
Huahes Island Study Site: This gite 1is located on the
Hughes Longleaf Tsland, Lake Georage Ranaer District, Ocala
National Forest, Marion County, Florida fFigqure 1). The

vegetation of the igland is predominantiy longleaf pine (Pinus
palustris) Mill.,) with scattered sand pine (P. «lausa {Chapm.)
Vasey) and clusters of hardwoods. The 1% ha study site was
occupied by Turkey oak (Quercus laevis Walt.) competition nprior

to use of hexazinone for weed control and pine establishment.

Thae seoil on the site was mainlv Astatula sand, a Typic
Quartzipsamment found on level to gently stoping terrain {7 to 8%
slope), This soil series is excessively drained, very rapidly
permeable, and low in fertility and orgaric matter content,
These Aeep sandy soils comprise over 16% of the 0Ocala National
Forest, To the south of the styudy site the teorrain slopes
throuah a band of Eustis sand (Thermic Psammentic Paleudults) and
into a pockat of Sellers sands (Hyperthormic Cumulic Humaaquents)

which surround a sinkbhole lake, The Sellers sgoils are very
noorly drained sandy so0il with ranid permeability, hiagh organic
mattror, and  moderate fertilitv, A serics of sprinags in the

northern portion of the Sellers soil roslesce and flow southward
ahout 5% p toward the Huahes Tslan? sinkhole,

Ravrnywell South Carolina Site (Pigure 11: The [porr Coastal
Plain Pronone aroundwater monitorinag study site was located on
Federal Paper Board's Jefferies Track (Barnuecll, <C}, The qeantly
sloping study site (2-6% slopes) contains soils of the Dothan
loamy~sand series on the hroad ridges with Fugquay sandy soills  on
the lower slopes, The oreck hottams contain Johnston mucky sandy



185

loam sopils, These soils are typical of the highly productive
pine forest of the upper coastal plain of Gerorgia and South
Carolina.

The Dothan soil series consists of deep, well-Arained soils.
Tna representative profile, the surface laver is (qrayish-brown
loamy sand about 17 cm thick. The subsurface layer is light
yellowish-brown sand about 1% cm thick. The uvpper part of the
subsoi 1. to a depth of 83 cm, is yellowish-brown sandy-loam, and
vellowish-brown sandy clay loam that contains plinthite. Water
permeahi 1 ity is moderate in the upper part of the subsoi 1 and
moderately slow in the lower part. Runoff potential and the
available water capacityv are modarate, The lower slope consists
of the Fuquay so0il series of deep, well-drained soils with low
runoff potential. In a representative profile, the surface is
arayish-brown sand about 25 cm thick. The subsurface layer is
light vyellowish-brown sand 3% cm thick. The upper part of the
suhsoi 1 is yellowish-brownsandy loam 4 cm thick. The lower
part, cxtendingt o a depth of 28¢ cm, is vyellowish-brown and
strong-brown sandy clay 1 0oam that contains plinthite.
Permeahil ity is rapid in the surface and suhsurface layers,
moderatley rapid in the upper part of the subsoil, and slow in
the lower part of the subsoil. Available water rapacity is low.

Watershed TInstrumentation

Hughes Island, Florida Site: Seventeen wells were installed on
the site to depths of approximately 7.5 m. The bottom 1.6 m foot

portion of each well “as screened. Samples were collected
monthly. Because of the Arought, it was not oossible to purge
the wells at each sampling period as oriqginally planned. Wells

5. 11, 17, and 27 woere located in the untreated check area.
Wells 16, 18, 20, and 22 were in the up qradient treated area,
Wells 6, 7, 8, 16, and 14 wer~ located down gradient in the *test
plot arca,a n d yellsl, 2,3%,and 4 were down gqradient. Based on
groundwater elevations, the general hydrologic flow appears to be

from north to south with a slight west to east gradient.

There wore two  springs on the site. These two sarings
gave rise to a stream which drained from just below the treated
area into a sinkhole pond approximately 45 meters below thr
troated area. Samples collected from the springs were labeled
S1 and §2 to indicate the unper and lower springs, respect ively,
Grab samples were collected weekly from the sinkhole lake located

below the treated area. Water samples for heyxazinone analysis
were frozeni n polyproopylene bhottles and shipped to USFS
Laboratory in Auburn, AL for analysis. All samples were

maintained frozen wuntil analyzed.

) Barnwell, South Carolina Site: Three monitoring wells were
installed o n the Barnwell!, South Carolina site during June-July

1997. Two well sites (#1 and #6) were located up gradient and
one down qradient (pond-well) of the Pronone treatment. Wells
were lined with 5 ¢cm PVC pipe and the wells were screenedt o

intercept the upper 1.5 meters of the saturated zone. well water
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samples were collected hy bailer, aster recording the water
surface elevation and evacuating three well volumes. Well water
samples were collected monthly for two years. Samples were
placed o n ice and deliveredt o the Universityo f Georaia
laboratory where analysis was initiated within 24-48 hours.

A perennial stream J|located Aownagradient of the Pronone
treatment area was instrumented with V-notch weirs and Parshall
flumes. Stream water samples were collected ahove and below tha

treatment area.

At thr Pkeginning of the study, deptht o grounduater in the
deep wellwas 14 meters fup gradient wel 1) he) ow the surface
along the ridge, andwas 1,7 meters near the stream channel,
Comparison of Adepth to grounduater hetwecon the deep wells and
shallow wells indicated the wells wore gscreened 1 n separate
aquifers that were hydraulically connected,

As the study proegressed and the drought worsened, there was
a steady increase in depth to agroundwater in both the shallow
and deep aquifers. The trendover time of depth to aroundwater
in both aquifers is the same and hoth aquifers appeared to have
similar responses to the drought and thr increasge in rainfall,
near the end of the study period.

In general, Adepth to groundwater on the ridge {Well 11l and
planted pin? control (Well 6) declined approximately 3m until the
spring of 1980 when water levels hegan to rise. Total recovery
by August 1939 was about #,9m, leaving a deficit of about 2.lm
over the two year period. Increase depth to qgroundwater al ong
the stream channel ranged from 1 .7 to 1 .4 meters and recovery
ranged from 1.5 to %,7m. The water tablein all wells appeared
to decline and recover at the same rates,

Based on the qroundwater elevations, the aecneral hydrol ocgic
aradient at the ridge and in thr center of the site appears to he
from the west to the cast diagonally across the study site at
about a 3%-degree analet 0 the stream channel. Near the stream
channel, the flow is likely parallesl to the channel. There wore
insufficient wells to construct a piczometric gsurface map for the
study site.

Herhicide Application

The Hughes Island Florida study site was treated with 1.7 kq
ai/ha hexazinone a s Velpar[. Application was hy qground-based
tractor mounted sprayer on 25-2h4 April 1935. Velpar I, was mixed
with water and Polycontrol to provide approximately 379 I./ha
carrier.

The Barnwell County, South Carolina site was treated with
Pronone 18 G at a rate of 2,89kqg ai./acre with an Omni spreader

in  June 1987. The treated area was burned during October 1987
and pine seedlings were planted in February 1958.
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Residue Analysis

Hexazinone water samples from the South Carolina study were
axtracted with ethyl acetate (NaCl was added to facilitrate
extraction). Hexazinone residue levels were analyzed using a
Tracor Mode] 9565 Gas Chromatoqgranh equipped with Tracor NP
Detector (Nitrogen-Phosphorous Specific! and dual 3% meter larae
bore (A,53mm) capillary columns. The two columns consisted of
Sunelco SP-5 and 8pB-35. The oven was temperature nrogrammed
from 18%to 275 ¢ at 18c/min,

The extracts were initially screened on the SPR-5 Capillary

Co ] urn. Positive residuss were confirmed by analysis utilizing
the SPR-35 column, All residue levels were quantified by
comparison of sample peak Theights with known analytical
standards, 4 reaaent blank and spiked samples were included with
cach get of analyses. average recoveriesranged from 88,5to
108,0%,

analysis o f samples fr om the Hughes Tgland Florida Study
Site for Thexazinone content WAS conducted at the Grorqge W

Andreows Forestry Sciences Laboratory, aAuburn, Alabama. The
methaod is a reversed-phase liquid chromatoqraphic method
(column: C-1 2; mohil! phase - water: acetonitrile/27:73; Flow
rate -1 .5 ml/min;QV detectiona t 208 nm),

Hexazinone was extracted anAd concentrated from water usinag
sol id phase extractiontechniques with C-18 columns. Average
hexazinone recovery was 94.6%. A reagent blank and fortified
samples were included With ecach set of analyses.

RESUT, TS AND DISTUSSION

Efficacy

Rarnwell Site: Grasses, primarily Cynodon dactylon, Panlcum
sop., and Andropogon $D., wers the predominant vegetative type on
the Pronone treated Barnwellsit?. Mean percent cover by grasses
(28.6%) exceeded percent cover 0 7 an adjacent mechanically

treated site {11,1%), Total hiomass of grasseswas 737 kg/hain
the hexazinone treated site and 222 kq/hao n the mochanically
treated gite,

Leagumes were more  abundant on the hexazinone site {(R,2¢

cover: 12% kg/ha!' than on an adiacent mechanically prepared ares
{2 .8% cover: 11 kg/ha). Total forhnroduction was higher “n the
roller-chopped site [27.0% cover: 992 kg/hadthan on hexazinone
treatment (17.7% rover: 287 ka/hal. Dominant forks on the
Pronone treatoed sites included Lespedeza SpL., Cassia

fasciculata, Diodia teres, Traaia urens, and Croton granulosus.

Predominant spacies on Fhe toller-choppnsd area were Erigeron
spr., Ipomoea sn,, FLechea villosa, and Diodia teres, Woody

veactation (vines, shrubs, trees) likewise werm most abundant on
the mechanically trrated area (14,.5% cover: 366 kaska) vs, the
Pronone treatmant {A.%% caver: 245 kag/hal.
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Wildlife habitat values of site preparation methods vary
with the habitat regquirements of thr particular wildlife species.
Fort and woody vegetation production on the roller-chopped area

provided abundant forage for white-tailed deer (0Qdocoileus
virginianus). Although total production of forbhs and woody
veqgetation was less on the chemical area, several preferredforh
species were as abundant or more abundant. The hexazinone
treated area nroduced the greatestamount of lequmes favored by
bobwhite quail (Colinus virginianus). The heavy grass cover on
the chemically prepared sites likely favored many rodent species
and provided summer foraging sites for wild turkey (Meleaaris
aal lapavo). The preservation of snags on these areas provided

hahitat for several cavity nesting or hark foraging birds as well
as raptors.

Hughes Tgland Site: Hexazinones was effective in controlling
turkey oak as most stemg and ground clusters were Killed. There
was some mortality among the scattered sand pine. Longlea® pine
seedlings burst out of the qgrass stage within the first year
after the control of the turkey oak. Grasses, primarily

wiregrass (Aristida strict.71 and chauky bluestem (Andropogon
capillipes), were not affected hy hexazinone,

Rainfall

The total rainfall on the Barnwell, SC site for 1987, 1%88
and the first half of 1989 was 105.7 cm, 92.2 cm and 54,7 cm,

respectively (Figure 2) . The 1987 annual, rainfall was 7.6 cm
helow normal and most of the rainfall occurred prior to the
herhicide application. The 19288 rainfallwas 28.3 cm helow

normal and the spring of 1289 rainfall was 4.6 cm above normal.
Likewise the rainfall for the Hughes Island site was low.

Hughrs Island Site: Rainfall For this part of central Florida
averages 1354 mm, with 52% occurring from June through Septembher,
Rainfall for the summer months of 1984 was only 55% of normal.
During 1985, rainfall was R1% of normal, with all the dcticit
oceurringi n o the first % months. Rainfall from June through
Decemher was neatr normal, but did not eliminate the deficit for
the previous 12 months. Rainfall in 1986 was near normal.

Residues in Runoff

Velpar L was applied to the Hughes Island study site on
April 25, 1995 and the first rain event occurred 14 days later.
No surface runoff was observed. Water qrab samples collected
monthly from the spring down gradient of the treatment area were
found to contain no detectable hexazinone residues for up to 18
months after application (Figure 1), A trace 1?7 ppb) of
hexazinone was detected in one sinkhole pond samplecollected
after the first rain event. No further detectable residue levels
were detected throughout the 18-month study period.

Pronone 149G was applied to the Barnwell, South Carolina,
site in June 1937. No runoff was observed and analyses of pond
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arab samples cellected | -2 months after applicationresultedin
no detectable hexazinone residues. Nue to drought conditions,
the pond went dry 6 months into the study.

Residues in Groundwater

Hushes TIsland Site: Water samples collected from monitnring
wellsg installed *+n deopths or up to 7.5m were monitored
periodically For 1 year. Detertahle residues (17-35 ppb) were
ohservedi n samples collected from plot wells (Table 1).
Approximately 1 year after application, no hexazinone residues
were  detorredi N thap aradient or control well samples, The
only detectable resi dueg  found in down aqradient wells occurred
residves Found in down gradient wells occurred after the first

rai nfall svent, This may reprrsent sample cross contamination in
the fielé, since the time required forwater applied to thr
surface of +*+he test areato move to acepth 20-28 feat offgite i s
considerably areater than 1 to 2 Afays.

Barnwell Site: No Aetactabl » hexazi none residues were ohserverd
in thr control wellor in the test area well located in the up
gradient portion of the nlot (Table 13, Nne detectable
hexazinone residue (3.6 ppblWw as observed i n the down qradient
well 126 Adays after application. A1l other hexazinone
aroundwater samples were non-detectahle,

The lower level of groundwater contamination ohserved at the

Rarnwel 1, <outh Carolina site can be attributed to: (1) greater
depth to ground water; {2¥reduction in hexazinone lavelsb vy
bhurnina the HWarnwell site 7-4 months after application; and 3}

timing of rain events.
SUMMARY AND CONCLUDSTONS

Hexazinone application for vegetation control on test plots
in +he coastal plain didnot adversely impact down gqradient
surface water quality. Hexazinone residue levels (3 ppbl were
Astected in only one sinkhole pond water gqrah sample from Hughes
Tslaned, collected after the first rain event. At the Hughcs
Tsland study =site, all other gpring or sinkhole pond watner
samples contained n o detectahle hexazinoneresidues,

In sandy soils withlow organic matter, hrexazi none may he
cxpocted  to  reach shallow groundwator if heavy rainfall events
occur. Tn tha ecurrent study, hexazinone residues yere detected
in  thr Hughes Tsland Florida monitoring wells one vyear after
apolication. Only Atrare of hexazinone was found in A Barnwell,
couth rarcnl ina shallow, down gradient monitoring well 4 nonths
after apnlication, N o other detactable hexazinone residues were
ahsoarved at the Rarnwell, South Carolinastudy s i te, Noneo f the
Yexazingne residues measured i N groundwater excceded the
sugarstnd yater guality standard for hexazinone.
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Hexazinone residue levels {ppb)i n groundwater
samples collected from the Huahes Island Florida
and the Barnwell, SC Study Sites.

Sampling

16
A6
29
25
1.9
17
1R
19
29

Date

- SR

Hughes Island Florida

May
Jun
Aug
Fob
Mar
Jun
Jun
Jun
Jul

1985
1985
1985
1986
1986
1986
1986
1.986

1986

Barnwell, Couth

1
14
A5
#9

B

a7

"4
A

a7
a4
25
a2
%k
@1
#1
@7
17
"9
14

e T T mm mm mm mm m ot o o o o Em Em am am e
e s s b & A

,404
Sep
Oct
Nov
Nov
Dec

Jan
Feb
Mar
Apr
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan
Feb
Mar
Apr
May
Jun

1987
1957
1987
1957
1387
1987

1989
1988
1988
1988
1988
1988
1988
1388
1988
1988
1988
1988
raga

1989
1989
1989
1a89
1989
1989

Down
Cont rol Plot Gradient

J R L T O i

21 No Sample No Sample 3.9 ppb
47 N o Sample No Sample < 1.9
117 N O Sample NO Sample <1.9
347 No fample N o Sample < 1.7
3124 N O Sample N O Sanmple < |I.M
419 No Sample No Sample < 1.0
419 No Sample (18.9,26.1 pph) <1.@
420 NO sample {17.2,%5.3 pph) < 1.9
460 No Sample No Sample < 1.0
Carolina

35 <1.0w pob ¢ 1.7 pph < 1.9
79 < 1.4 < 1.9 < 1.9
91 < 1.4 <1.2 < 1.61
126 < 1.9 1.0 3.62
147 < 1.4 <1.0 < 1.8
154 <1.4 < 1.a < 1.9
182 < 1.9 < 1.9 < 1.2
210 < 1.4 (1.71 < 1.
245 < 1.4 < 1.9 < 1.8
273 <1.% < 1.9 < 1.4
294 1.2 < 1.4 < 1.8
301 < 1.9 < 1.9 <1.4
336 < 1,9 < 1.11 <1.3
161 No Sample N o Sample <1.1
392 < 1.0 < 1.9 < 1.8
429 < 1.4 ¢ 1.11 < 1.9
469 No Sample N o Sample < 1.8
492 < 1.8 < 1.0 < 1,4
527 < 1.8 < 1.0 < 1.9
557 < 1.a <1.8 <1.11
592 < 1.9 ¢ 1.7 {I . R
627 < 1.4 <l.P < 1.9
649 < 1.4 < 1.8 <1.9
679 < 1.9 1.0 < 1.0
750 ¢<1.0 < 1.0 < 1.2
738 <1 .Q < 1.4 < 1,2
828 ¢ 1.8 No Sample < 1.9
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FIGURE 1. MAP OF BARNWELL, SOUTH CAROLINA (TOP) AND
ISLAND, FLORIOA (BOTTOM) HEXAZINONE STUDY SITES.
ON BARNWELL sTuDY SITE WAS TREATED WITH PRONONE 10G.
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FIGURE 2. RAINFALL DISTRIBUTION FOR HUGHES ISLAND AND

BARNWELL SC. STUDY SITES. DAY ZzERO FOR HUGHES ISLAND IS
January 1, 1985 anp Januvary 1, 1987 ror BARNWELL SC.

Hughes lIsland, Fla. , gl Barnwell. SC
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FIGURE 3. HEXAZINONE RESIDUE LEVELS IN SPRING AND SINKHOLE
WATER SAMPLES FROM HUGHES ISLAND, FLORIDA STUDY SITE.



