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INTRODUCTION

Concem over environmental contamination by pesticides has become widespread during
the last several years. The United States Environmental Protection Agency has established
mandatory standards for several pesticides, including 2,4-D, glyphosate, and atrazine, in drinking
water. In addition, several states have established regulations to limit further environmental
contamination by pesticides. In Califomia, pesticides that are detected in ground water or have the
potential to leach to ground water are regulated by the Department of Pesticide Regulations (DPR).

Recently, the Califomia DPR proposed that several pesticides be designated as toxic air
contaminants. This list includes several monly used on turfgrass, including
carbaryl (Sevin®), 2,4-D, mancozeb, maneb, andtﬁumln(l’M)

Previous USGA-funded research at the University of Califomia, Riverside (UCR) indicated
that less than 0.1% of the applied carbaryl was lost by volatilization and leaching through the putting
green plots. More of the applied 2,4-D could be accounted for: approximately 1% volatilized into
the atmosphere, andappromataiys%hmmhmsm Hewevef in both cases, more
manSO%ofmeapabedwasmt‘ unted for. In this project, we are performing a
more detailed analysis of the fate of pesticides in the field plok te enable a determination of the
mass balance.

Ammammmmmm%wmmﬂaterm“s
the need to be able to predict ground-water concentrations of pesticides. It is usually not feasible to
monitor ground water for the pesticides of concem, mmmmdmmcmmln
thenear-surfaceseﬂandse#wateraremade Mathematical models are then used to predict the

ncentrati F A psticides that one might expect at deeper points in the subsurface. Smith
and Bndges (1993) attem wpredmmdemovemmm their greenhouse lysimeters
using the GLEAMS (Grour ading Effects of Agricultural Management Systems) model
(Leonard et al., 1987). They found mat the model significantly over-predicted the amount of
pesﬁcidesthatwouldleachmroughthesou even when a thatch layer was included in the model.

There are several possible explanations for the model's prediction
experimental data. One is that this model is very simple from a hydrologic sta :
thatwhenwatensapplsedtomesaﬂsu;faee itunsformlydisplaoesanequalvolumeafwa#arﬁmm
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the underlying soil (the so-called "tipping bucket" model). It is also a one-dimensional model in that
it assumes that the water and pesticides are moving in one dimension. This model is classified as a
functional, management-level model because it in ates certain simplifications in the
subswfacepmsseshatmducethewermwmmdah One advantage of a model such
as GLEAMS is that it does not require massive amounts of difficult-to-acquire input data. The
difficulties inherent in this and other functional models is that, because they have simplified the
subsurface processes, mmmm&mmmmﬂem&m
There is a need to investigate the ability of other, more sophisticated, albeit more data-intensive
models, to predict chemical movement through turfgrass-soil systems.

PURPOSE AND OBJECTIVES

Thepurposoofhsmseamhiswamassbalameassememoﬂuﬁgmss
pesticides in field plots and use the data obiained in the assessment to test and modify a pesticide
transport model. The specific objectives of the project are to:

Wasspes&adesameragmecompmmof

b) assess the ability of mathematical models, such as CHAIN_2D and PRZM2, to accurately
predict pesticide movement in a field-plot-scale turfgrass system;

©) mymmmmmmmmm

and

od data to assess further its predictive capabilities;

e) conduct a sensitivity analysis of the mathematical mode
mmfs havg m reates! M on m m “‘:.: 4 ne

known to the highest degree of accuracy.
METHODS
Putting Green

mwmmmmnmmgﬂmmw at the
Turfgrass Research Facility on the campus of the University of Califomia, Riverside. A profile of
putting green piots is shown in Figure 1. In order 1o obtain results that will be reflective of
mmmmwmawm it was essential that the experiments be
conductadonapummgreenmaiwas dmhﬂmﬂﬂbofaunda&ago&fmurse
iments Therenovation
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releveling the soil surface (which had settled in an uneven manner during the last few years) using
a transit and grade sticks; 3) upgrading the irigation system, which included replacing all sprinkier
heads and mounting them on rebar to ensure verticainess; and 4) changing the irrigation system so
mateadwofheupletssimoatedsepmntybasedmm'. tion uniformity of that plot. In
May, 1985, washed SR 1020 creeping bentgrass sod was installed on the plots. For the next few
months, the turf was established and managed in @ manner similar to that of a golf course
superintendent in southem Califomia. It should be noted that one of the goals was to have the turf
established to a point where the mowing height was not more than 3/16” prior to initiating any
studies on the plots.

Figure 1. Green Plot Lysimeter Assembly

ici ; i rothalonil (Daconil 2787®) and
mouaxyﬁl(SuM) The fatepmwﬁuefm pesticides are given in Table 1.
Tmmmwmmmwa‘(Mgmmmwm The total
mass of chiorothalonil applied to the lysimeter area of each plot (approximately 1.22 m") was 1.55
g. The metalaxyl was applied at a rate of 2 oz per 1000 f (2 Ib active ingredient per galion). The
towmmdmwwwwmymmatwﬁmmawag The pesticides were
applied by a certified pesticide applicator on Seplember 27, 1895 at approximately 8:00a.m.. Four
of the plots (plots 1, 3, 7, Wt@mmmmm aﬂdatnworeeeﬂododmm
these plots (see Figure 2, experimental plots shaded).
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Table 1. Properties of chiorothalonil and metalaxyl

Property Chiorothalonil Metalaxyl
| degradation half-life (days) 14 28
Henry'’s constant 3.44 x 10° 7.71x 10°
adsorption coefficient (cm™/g) | 60 1.264
water solubility (mg/) 06 7100

Figure 2. Putting Green Plot Map (Location of experimental plots shaded)

6 | 9 | 12

; ' , ol ﬁemoaehofhetestpbtsonadaﬂy
basls Dmvolwmswefemeasureemd rded daily, ; sulation of the mass of
esticides leaching from the plots. Tmmdmwwmmmmmm
each plot on a daily basis. Drainage samples continue to be taken as this report is written.

Tufgrass clippings. Samples of the turfgrass clippings were taken from each of the
experimental plots one day pror to pesticide application fo determine any background
Wmmmmm&w‘s 3,5,7, 9, and 12. Sampling of the

5 are below det m

izatior ﬂwxcﬂwmm@mm@ﬂymmuﬂmmmm
ofappromnata&yowm Thewm#mmmefﬁmwdgmammwdmmam
approximately 10 liters/minute). As it was removed, the air was passed through a
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potyurett\mmmpkm(PUF)hatadsomedanypmspmsentmmeaw Awfromoutsdehe
chamber was drawn into the chamber to replace the air that is removed. Any pesticides in the
outside air were removed as the air was drawn into the chamber. Theposmenofmeuuxcmmber
was rotated between two marked spots on the plots to minimize damage to the turfgrass.

and continuing for a period of 8 days. Afier nine days, pesticide concentrations in the air samples
were below the detection limit, so no further samples were collected.

Thevotabkzakonﬂuxchambemusadfwﬁswemﬁhavebemneﬂydes&gmdw
correct for some of the deficiencies of the old system. The new chambers are constructed of
gaivamzedmetal Mhasboonpaﬂed%enmm This ensures that the temperature

he charr roximately the same as the temperature of the outside air. In addition, the
mmmammwmmmmmwwMumumm
over the ground surface. In other volatilization studies conductied by our research group, it was
found that the volatilization measured using the new flux chambers was comparable to that
measured using large-scale volatilization flux methods (see Table 2).

Table 2. ComansonofFlux,f-

ers with Other Volatilization Methods

Experiment 1 Experiment 2
Method Used | % Volatilized | Mass Balance (%) % Volatiized | Mass Balance (%)
Aerodynamic, 62.2 100.8 38 83
discrete ) ' . ,
Aerodynamic, 67.3 105.9 B 28 82
Flux chamber 578 96.4 49 84
Theoretical 60.1 1 986 ' '
Profile Shape ‘ 1 .
integrated 69.8 » 108.3 1.9 81
| AVERAGE 63.0 1015 i 34 82

Soil. Soil samples were oblained from the entire s0il profile (47 cm) using a handheld coring
increments as shown in Figure 3 prior to analysis 1o permit a determination of the depth distribution
of the pesticides in the profile.

wmmmmwmma@m and on days 0, 2, 7, 15, and 30 after

plication. Sﬁdmphsvd@aﬂﬁmahbnﬂmmdayssa 90, and 120 after
ication. btained from each of the four plots on each of the sampling
days wmmmmmwwwamwwmmmd
takentmmoaehofﬂwmpletsmmmmmcampﬁmwmﬁgwo4 Amyefﬂmseﬂ
samples taken is given in Table 3.
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Figure 3. Soil Sample Profile
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Figure 4. Locations of Soil

Samples Collected from Plots 1, 3, &, and 10.
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Table 3. SwnmaryofSouSamplesommnedfromm1 3, 7, and 10.
Depth [02cm  [2-7em 7-177cm __ 117-32cm_ [32-47 cm
Background |Quad2C |Quad2C |Quad2C  [Quad 2C  |Quad 2C
Quad 11C |Quad 11C |Quad 11C |Quad 11C |Quad 11C
Quad2J) [Quad2) [Quad2) |Quad2J [Quad2J
Quad 11J [Quad 11J |Quad 11J [Quad 11J |Quad 11J
Day 0 Quad 3B |Quad3B '
{Quad 10B |Quad 10B
Quad 3K |Quad 3K ;
, Quad 10K |Quad 10K ‘ 4
Day 2 1Quad 3D |Quad 3D [Quad 3D uad 3D |Quad 3D
"|Quad 10D [Quad 10D |Quad 10D _ Quad 10D {Quad 10D
[Quad 3 |Quad 3l |Quad 31 Quaﬂ 3l |Quad 3l
Quad 101 [Quad 101 |Quad 101 _|Quad 101 |Quad 10}
Day 7 Quad3C |Quad3C |Quad3C |Quad3C |Quad 3C
|Quad 10C [Quad 10C |Quad 10C !_gg_aé 10C_|Quad 10C
Quad3J) |Quad3)J |Quad3J |Quad3J |Quad3J
Quad 10J |Quad 10J |Quad 10J |Quad 10J |Quad 10J
Day 15 Quad 58 |Quad 5B |Quad 5B 5 Quad 5B
Quad 8B [Quad 8B Quad 8B
,Quad 5K IQuad 5K |Quad 5K
|Quad 8K
Quad 2E

Am Mmmmmmmmmawwmmd Aﬁer
ture detecto (nsused mmwmmumaam
‘M(NPD) MM“WMmmmmmm

Water. 1@0&“@(%&%%5%“@31&
memylene chioride is added, and the mixture: m
mmmmmdm mwm«mmmﬁmwmwfm
and the process is repeated. The same organic extraction process is repeated for a third time.
mwmwmwmmdmmwmwmm then the

entrated to a small volume on a RoloVap. The final sample is brought to a volume
MSWWmeWmdeWy

y funnel. #0 mil of
tetsom Theergamcand
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Tissue. Ten grams of tissue is weighed into a blender jar, and 150 mi of a 35%
water/acetone mixture added. Thesamplelsbhndedfoermathlghspeed The mixture is
fitered through a buchner funnel, collected in a 500-mi suction flask, and then transferred to a
Wmmmmmmm 50 mi of petroleum ether is added to
the separatory funnel, which is then shaken for 1 minute. The aqueous layer is transferred to a
second separatory funnel, and the organic extract is transferred to a 300-mi flat-bottomed flask.
Four g sodium chioride is added to the aqueous phase in the second separator, which is shaken
vigorously until the NaCl is dissolved. Themﬁwybrwdﬂaadeoxhac&enpmoedurensrepeatodtwo
more times. The organic extract is dried by passing it through a sodium sulfate column, then
concentrated to a small volume. The final sample is analyzed by gas chromatography.

Sail. 125mlefhemammtw&oa300—mlmmmwmmmmare
added. Ammuemmmaogmmusmmmm. ion flask, and 125 mi
acetone are poured onto the soil sample. The entire Soxhlet extraction set is placed onto a hot
plato(&@C)andeMdﬁerah Thenmasaremdmm&eewunmanalymbygas
chromatography.

Air. Air samples are processed in the same manner as previously described for the soil
samples except that the extraction time is 2 hours rather than 8 hours.

MODELING

The mathematical contaminant transport model used to simulate the environmental fate of
mmwmmcmmzﬂ(&mwmwm 1995). This model
mmmammm;, : mmm,nmwm«
WWMWWMW kmmmmwm
roots, changes due to atmospheric conditions, and first-order degradat

Tosti

Prior to pesticide application, cmmznmumwmmmofmem
compounds in the putiing green lysimeters. The model predictions of the partitioning of the
pesticides into the various environmental compartments (soil, water, air, and tissue) were used to

Tables 4 and 5 list the data used as input for the model. Values were obtained from
literature when possible; for some values, extrapolation had to be made using best judgment. For
example, vales for the degradation rate of the pesticides in the coarse gravel were net found in the
published literature, therefore estimates were made. mwsmmmaﬂmmm«
x 10 and for metalaxylis 7.71 x 10°. The diffusion rates for both compour
1.0 cm’/day in free water and 4320 cm?/day in the gas phase.




Table 4. Soil Properties used in Simulation of Chiorothalonil and Metalaxyl Fate and Transport
Soil Region Buk Density | initial Moisture Mpha (t/em) |n
(cm¥em®) | Content (cm¥em)

tissue __04 0.004 04 3.01
thatch 09 ‘ 0.068 | 0.2 2.01
sand 1.55 | 0.173 005 | 201
pea gravel | 166 0.047_ 008 | 401
coarse gravel 1.66 ' 0.037 . 0.08 4.01
Table 5. Environmental Fate Properties of Pesticides used in Simulation

Adsorption Rate [ nea@;dmnwue
tissue 30 0.633 14 28
thatch ' 120 | 2529 118 20
sand | 60 | 1264 14 28
pea gravel 69 0.145 175 47
coarse gravel 25 0.0525 235 145
RESULTS
Water

' Leachate volumes collected and measured daily for each of the experimental plots are
shown in Table 6. The volumes of water applied by irigation to each of the plots are also shown in
Table 6.

Imigation times were determined by the needs of the bentgrass, rather than a strict
adherence to an evapotranspiration rate calculation. The percent of applied water that leached
through the plots ranged from 55.3% 1o 78.3%, with an average of 66.7%.

Using the volume of leachate obiained from each plot on a daily basis and the pesticide
concentration measured in each of the water samples, a calculation of the total mass of pesticide
of leachate analysis for pesticides were not available.

10

00042




Table 6. Water Applied to and Leached from

Piot 1 Plot 10
; Applied | Leached Agplied _Applied | Leached
Day | (liters) | (liters) | (liters) (liters) | (liters)
0 7.91 8.13 | 6.79
1 7.91 5.25 8.13 6.79 6.05
2 6.79 3.75 6.98 5.82 3.90
3 679 | 380 | 6.98 5.82 3.45
4 6.79 4.50 6.98 5.82 3.55
5 6.79 4.90 6.98 5.82 4.10
6 6.79 3.10 6.98 5.82 2.90
7 679 | 3.25 6.98 5.82 2.50
8 6.79 2.50 6.98 5.82 2.00
9 6.79 2.25 6.98 5.82 2.00
10 6.79 2.43 6.98 5.82 2.05
1 6.79 392 | 698 | 5.82 2.63
12 13.58 3.84 13.95 11.65 3.44
13 10.18 7.25 10.46 8.75 8.95
14 6.79 6.30 6.98 5.82 7.00
15 ] 450 | 4.30
16 6.79 3.95 6.98 5.82 4.50
17
18 6.79 . 6.98 5.76 582 , '
19 6.79 895 | 698 | 1030 | 576 | 10.00 | 58 | 9.10

TOTAL | 13462 | 7444 | 13832 | 9780 | 11425 | 8946 115.50 | 72.42

Tissue

compieted.

S the pesticide analyses for the tissue samples are shown in Table 7. Analyses
of these data to determine the mass of pesticides that partitioned into the tissue has not yet been

]

__Piot 10

43.37

1265

995

189

00043




2219

75.32

215.66

90.18

260.37

64.75

103.85

76.09

14.01

49.47

plelNjniwla

16.53

9.13

Air

results of these analyses are presented in Table 8. Noie that the concentrations

Mwmdmmmmmmmmmmd The

are given as ng

per sample. In order to put these resuits into a form in which they can be interpreted, it is necessary

tooonveftﬂ'aemda#a In Figures 4 and 5, the rate at which the compou

ds volatilized into the air

per m’ of surface area are shown. In these figures, day 1 is midnight of the day after pesticide

application. It can be seen that the flux is the lowest at midnight and peaks at mid-day.

Table 8. Concentrations of Pesticides Volatilized ﬁ*omPWn_gGreenPIots

Start

Stop

Day

Time

Time

Plot 1
(ng/sample)

.Plot 3
(ng/sample)

Plot 7
|(ng/sample)

[Plot 10

(ng/sample)

800}

137 8

421.5

314.3

1000

2197

1128.6

382.4

ololo

1200]

2046

97.6

1400] 1

. s

1600]

923.9

695.2

1&m‘,"

7406

565.8

2552.4

3554.9

403.5

178.8

5740.9

1353.4

48738

827.3

399.7

_858.9

2591.5

664.4

2181.7

1067.6

1072

1568

-

1919. 319.8

1684

672 8

584.6

9@8

22.75

SW

2142

[ B WIGIININ N b b [0 [ OO O]

12
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5] 1000

1

498

135

135

460

5 1600

21

1818

5320

2500

5| 2145

3100!

852.6

251.3

417.8

60.5

6] 820

852

774

996

1400

1945

1566

2922

1636

2748

1945

3100]

2748

1674

4752

2730

945|

1530

194.9

177.7

1466

46.5

1530

2150

_584.8

~885.4

2962.9

1819.1

2150

700|

588.2

586.4

1204.5

644.7

10.2

27.9

412.7

452.5

465.2

481

1845.6

1029.7

6}
6
7
7
7
8 830
d

2045]

1430
2045

4@59,

1316.4

315.3

The cumulative mass of chlorothalo
the experiment is shown in Figures 6 and 7, respectivel
volatiized from the puting green plots was 0.017% for the chiorothalonil

metalaxyl.

Modeling

6938

Tm giﬂd 16’“ CPIOFORNAI0 ah
Table 9. Model P 8 licti

Days

= am!nn&ﬂnq!&wﬂvdaﬂmadﬂnnx&n;ﬁd&tﬁmng
Thea@ﬂmnofmnuwﬂapﬁhdn%nsuun
and 0.083% for the

0.1

Remaining

100

81.5

_682

45.5

116

L)
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Figure 4. Chlorothalonil Flux
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Figure 5. Metalaxyl Flux
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Figure 6. Chlorothalonil - Cumulative Mass Volatilized
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Figure 7. Metalaxyl - Cumulative Mass Volatilized
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