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Abstract

Recently, golf courses have increased over the years because golf became popular leisure sport.
Various environmental problems have been then issued by a golf course during constructing and
running them. A problem of pesticide, which is serious among various environmental problems,
from golf course has harmful effect on surrounding area and makes human suffer from acute and
chronic diseases.

Pesticides are used for the cost-effective managing of golf course and the amount of pesticides
also increases as the number of golf course increase.

Since the assessment of pesticides on near-by surrounding has been focused on water and soil
media, studies related to atmospheric dispersion have been hardly attempted. The method to
assess an impact of pesticide nearby agricultural production by the atmospheric dispersion using
AGDISP(AGricultural DISPersal) model was developed and applied to the actual planned golf
course located in Hongcheon, Gangwon.

For implementing AGDISP, parameters were investigated from the golf course’s land use
planning map, pesticide spray device, Hong-Cheon weather station and etc.

First of all, a kind of pesticide, a form of spraying pesticide, geographical features, weather data,
and distance(golf course to plantation) were investigated to understand how to work these
parameters in AGDISP. Restricted data(slope angle, droplet size distribution and solar insolation)
sensitivity analysis of these parameters to estimate effect of pesticide nearby a plantation and a

high relative contribution data of analyzed data was selected for input data.

Ethoprophos was chosen as the pesticide used in the golf course and the amounts of pesticide
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deposition per annual agricultural productions were predicted.

The results show that maximum amount of pesticide deposition through atmospheric dispersion

was predicted 2.32 ug / ni at 96 m where the nearest organic plantation exists. The residues of

pesticide were also estimated based on the annul production of the organic and the deposition

amount of the pesticide.

Consequently, buckwheat, wheat and millet were likely to exceed maximum residue limits for

pesticides in foods(MRL) and sorghum, corn and peanut were likely to exceed MRL by organic

farming as well.

Keywords : Pesticide, Atmospheric dispersion, AGDISP, Pesticide spray, Golf course
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S grsh7] YsilA AGDISP(AGricultural DISPersal)
2d9] ‘Ground boom spraying optionS AH&3}
AT}, AGDISPR 2 5oFs =S8 AR Al 5oFE-
Ho| YAIFE| = e v A= FokS B7oke LY
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Hote|tHTeske et al. 2003a; Teske et al. 2001).
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ot
Aste] Aoz ndyd] Bag s des

1. AGDISPE &

B o)A AgE mde AGDISP(Version
8.25) dloly u]=k $73%(EPA; Environmental
Protection Agency) & 2FA AFA (OPP; Office of
Pesticide Programs)o| 4] AgDRIFT(AGricultural
Drift) 4, PERFUM (Probabilistic Exposure and
Risk model for FUMigants)® @, SOFEA(SOil
Fumigant Exposure Assessment System)®d ~1
2] 12 FEMS(Fumigant Exposure Modeling System)
2dat oA 7|2 ghtE e woks dSsh 1%t
BelE AR Qlekhttp://www. epa.gov/pesticides/
science/models pg. htm#atmospheric).

AGDISPR 2 2} 7]¢F 91#} 32| 0] 2(Bilanin
et al. 1989)& HIFC. 2 3 5ol WAk of & HElo]
ot E3E FAkE B4l i FAEE ATl
Ot E4F 23 tf7] 5] e sk BARS)
I AR A E ] ol A FS ALkt
AGDISPR & Haf USDA Forest Service(United
States Department of Agriculture Forest Service)
AN & §1 Aol BARE = FoF= &5t 9l vt
S0 Tof At s gAsk e, ol
‘Ground boom spraying option'©] AGDISPe| 3
7hElo] AN RAFEIE Bore] SIS of 33t
= A =k (Teske et al. 2003a; Teske et al,
2001), whehA AGDISPEE o= x| FEHo| A AL
© 5] B HAKSE] SfeliA s o] Wi x| ek oF
g, BARSE 5ol ZFH UL, FoFe YAF A7), A
Wi} 250 o] A AL, 7|4, AEHI 57 (Spray
boom)?| A} 5ol Y M= S,

2. YEXI=

o] AEEE ope] 4 BTk 4]
o) melele] WAt At 5oF 55, oF &
o, 5o B A Q% 17]9h B, A 9 )
AR 283 5op) weleh sote] A E: A
ojo] o] A7 elolc}, uheta] B 7o) A8t A%
520l chste] ot} o] 22t 714stec,

(acaricide &-& miticide), A% 4| (nematicide),
A A = EA| (molluscicide), AFA A (rodenticide),
AF 2 A (avicide), A o] A (piscicide), AF +F A
(fungicide), AZA(herbicide), 2254 (algicide),
A E A2 A A (plant growth regulator), &34
(combined pesticide), = ZA|(supplemental agent
32 adjuvant) 528 EFITHAHGZ 5, 2004).
A= HEH R FHE FH A5
Al FZAY 7% T FAF Brtske L g
o}, webA s ZZ Ao A AR Aol o]
AL f-2juetoll A ol ALY B EEZRES
(Ethoprophos)E AL 93t seFo g e}
et

Table 1> PPDB(University of Hertfordshire,
Pesticide Properties Data Base)o|A] EF|3F o &

LA EAo|}, 8} 42412 C8HI902PS22

o2 ol

Dl
olo

o
ol

Table 1. Characteristics of ethoprophos

Pesticide name Pesticide type

Substance group

Chemical formula Physical state Density(kg//)

Insecticide, Nematicide

Ethoprophos

Organophosphate

CsHi9O2PS:

Pale yellow liquid 1.09

Source - http://sitem.herts.ac.uk/aeru/footprint/en/Reports/279.htm
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971914 BHaHEol T B A At ge o] o

Aolw, Wi 1.09 kg/lolTk,

FEYAL ] W HYELS el
[e]

o= &
Aot} Table 2% Multi Pro 1200 & 12502] A
O 2¢f F2 E7dl(Spray boom)9] ZolE EF

(3) YA 27| B3 (Droplet Size Distribution; DSD)
Figure 20|14 UrEbd HEe} o] == Fefjof whet
A EARE 9 EALE = YA 27] Zpolzt A L
B wioll Aegt =5t 1o whE AR R
mdlgof SlojA Fa3t YR F sholtt, &
Ao A 7 Aol A A8 =52 Teejet80015,

Figure 1. Pesticide spray device of multi pro 1200 & 1250

0886, 8008% Flat Fan Nozzleo|t}, Flat Fan Nozzle
2 Fine to Medium®] A} 27|15 Zt7] W&o =
dlof A3l A7 B EZE= Fine to Mediumo]th
(Thomas M, Wolf et al, 2011).

@ 2274 9 92 579 oA
%3 24 9 2|2 Aelztolo] up
2} FoFe] Aol EebAl7] wzof o]AAe E3t
s8] 4eeo] 29 Horolo), Wy o Bl
EXo] A G oA o] AAYE Zl & o 3o,
Figure 37} Zo] Z=43 714 248 = 71

A|2kef o] 4 72l 95 moltt,
(®) 71

[e]
Bigeolet, 2 Aol A oA ZLA Qlte] 91AI3
AU T/ A AR g 5Y S deRRe

Figure 3. The location of golf course and near-by organic
plantations

Table 2. Characteristics of Multi Pro 1200 & 1250

Pesticide application name Wide*(m)

Spray height(m)

Number of nozzles Capacity(/)

Multi Pro 1200 & 1250 55

0.36 11 663

* Include the length of spray boom

Aiir Atomizing Nozzle Fine Spray Nozzle

Hollow Cone Nozzle

Flat Fan Nozzle Full Cone Nozzle

Smallest
Drop Size

Largest
Drop Size

Figure 2. Droplet size distribution depending on nozzle types
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Table 3. Monthly maximum of mean meteorology in Hongcheon, Gangwon(2011)
Max Temperature(*C) | Max Wind velocity(m/s) | Highest Direction frequency | Mean max Humidity(%)
March 9.79 6.50 WSW 51.79
April 17.59 7.10 W 55.63
May 24.54 6.90 W 60.06
Jun 28.37 5.40 SSW 67.13
July 29.10 5.10 W 79.94
August 31.00 4.90 WNW 76.60
September 26.30 5.00 W 71.19
October 19.46 6.20 WNW 70.69
November 14.05 6.40 W 68.84
Total Average 22.24 5.94 - 66.87

Source - Korea Meteorological Administration

lOdeg

-90 de%

Spray Block

T -180 deg

Wind Directions

A

Distance Downwind

Edge of Application Area

Figure 4. Wind directions (as viewed from above) relative to the spray block and distance downwind.
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Table 4. Slope angle sensitivity(unit : ug/m?)

Distance(m)
Angle(deg) 0 10 20 90 96 100 . 180 190 200
-60 9.9777 | 17227 | 7.5310 1.2265 | 1.2235 | 1.2202 0.2392 | 0.2519 | 0.2654
-30 8.5528 | 7.4379 | 6.3449 0.7791 | 0.7688 | 0.7605 0.4692 | 0.4917 | 0.5127
0 9.6820 | 7.1737 | 6.8476 0.8042 | 0.7685 | 0.7307 0.2748 | 0.2543 | 0.2355
30 8.5617 | 7.4338 | 6.3409 0.7790 | 0.7686 | 0.7604 0.4693 | 0.4917 | 0.5127
60 9.8828 | 7.7148 | 7.5197 1.2263 | 1.2232 | 1.2199 0.2394 | 0.2521 | 0.2656
Table 5. Droplet size distribution(DSD) sensitivity(unit : xg/m?)
ASAE BCPC ASAE
DSD Fine to medium Fine to medium Medium to coarse
Deposition at 96 m 0.18 0.26 0.13
Table 6. Solar insolation sensitivity(unit : 4g/m?)
Solar Insolation Strong Moderate Slight Weak
Deposition at 96 m 0.774 0.774 0.768 0.768
7FS- W5, —60degHE] 60degZtA] A& 4= 3l 5o A & 4~ 9J%0] ASAE — Fine to Medium-2
T} Slope Angle?] %4 @ 2uk AALZbo|al 24 0.18 ug/m? BCPC — Fine to Medium+= 0.26
+ WelH BARolt, pg/m’ZE e QA7 ZEE A uf BCPC7F 0.08
Table 4+ Slope Angle T2 WA =5 YEFWH 1 ug/m* oAt} 183l ASEA — Medium to Coarse

ojvf, I W& th} Lk, A9 ] Aol whef o
4 zpo7h glom, @=u(+) Wel2h(-)& Hwst
sy ‘IH soFo] EAFE= Aol Weleto] e =af

Aol #A YehAIRE A7t soldes
A 7Fe] Apol= A9 gl= ALz YEhyith, 96me]
Al Slope Angle©] Odeg¥ o A== o8
0.7685 ug/m*] 1L 30deg} —30deg® w 0.7636
ug/m*@}F 0.7688 ug/m’, Slop Angle©] 60deg:=
1.2232 ug/m’, —60deg¥ wj=1.2235 ug/m?o]ct,

webA] B Ao A= —60degS UEsHlct

(2) 4+ =27] £-Z(Droplet Size Distribution; DSD)

AGDISPR Elof = American Society of Agricultural
Engineers(ASAE)?} British Crop Production
Council(BCPC) F+ @a]ollAl q+45te YAt=7]w2
= Ag3ith weba] ASEA — Fine to Medium, ASEA
— Medium to Coarse, BCPC — Fine to Medium,
BCPC — Fine to Coarse & 471X 9] 117 =5 H7}
33Tk, kAR BCPC — Meium to Coarse= 96 m

7HA] A EA] ok RIZrEo A Al ]sk3lH. Table

+= 0.13 ug/m’= ASAE — Fine to Medium®th
0.05 ug/m” ZrotA = AL & 4= Qle}, waha] 2
o]l A= BCPC — Fine to medium< -85t}

(3) YA}EF(Solar insolation)

AGDIPS 2dlof| A 9] Solar insolationS 4= o]
T IAZE FO GARRS Bob FAS & AR
Strong, Moderate, Slight, Weak”} ME}, Table 6
o Solar insolation®] WH=E LYePH O™ 4717
HeE A 8519S o 5oFe] AT Afol= =274
o} dafgko] 7Fst w7} 0,774 ug/m’= AALEF
of ofgh W Kt} 0,006 ug/m” ¥4 Yefhs 2 o
ol & 4= qith weba YUAlEFo] 735t Strong 02 A

833t

Iv. 2 %

Qo)A 7143 AGIDPSE DS 4:35}7] $J3t ¢
Aol WAE R0l 23T e
sko QAZA Aol WA= Mo AT AGIDPSE
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Table 7. Input data for AGDISP model

Parameter Value
Method Ground
Nozzle Type Flat Fan
Application Method Boom Pressure 4.90 bar
Release Height 0.36m
Spray Line 11
Wind Type Single Height
Wind Speed 7.10 m/s
Meteorology Wind Direction -90 deg
Temperature 31.00°C
Release Humidity 51.79 %
Upslope Angle -60 deg
Surface Sideslope Angle 0 deg
Canopy None
L . Lo Nozzles 11
Application Technique(Liquid) DSD Fine to Medium(BCPC)
Spray Material Spray Volume Rate 4.72 L/ha
Atmospheric Stability Stability Strong
Swath Width 5.5m
Swath :
Swath Displacement 0.5m

WS Sastol BrIch A mY Ak of

gt 2t

1. 24 =XiE

a

Table 72 7% S0 A4
o8 AGDISPRHY] QA2 S Lieh A
WA 285 (Application Method)2 &2k
T2 ARl 2ol A A= FEjol7]
Ground= ¢J83}9t}, E3t ok T ajaFo] 7 ¢o]

Sol7be, I A2l Flat Fan =2, 2AIE 4.9
bar, #AF 0] 0.36 m, “L2]al Azgo] o] Fia= 11
Ne dFstsdnt, 714 AR YU 3A7A A
RS AHESEIL Foh S —90deg® Hx%a—}
dom, 19 5 2i7]e, HuFE HAGES
9o &% 31 7, 499 F& 7 1m/s, 399 £
51.79 %= 43t ch. Slope angle> W= H7}
o A Vrebd5o] —60degol A 71 =2 A gko)
el —60deg® A5k
Neve gle Aoz skt &of

M

=e

l‘_

E

]_

5
[}

Mo 4n

=

r

o] oro @ YA/ HEL WZHE HrlH M
gFo] 71 =7 4% BCPC7|& Fine to Medium
02 319t} E3F Nozzlesoll+ =29 749l 1171
£ Atk ARsoFe] g SeuE 22 o

Bt AR 5,15 kg/ha(@EH3 4, 2011)E Table loﬂ
Uel Sl tiAt e o B g A0 W9l 109
kg/I2 Lol 4.72 Iha'S st QAL

H(Spray boom)2] <
2 Z0 =2 55 mo|al Zt
mo| 24 Fof 11749] =&
o] dAsHA EEHoQlong 0.5 mE YAt

Strong< -85} =5

2. 159 &t

AGDISPR 9l o] A7} Table 87} Figure 591 4
2|atglct, o|AA g o wpeba A o] FA5] Tha
ate 202 AAESITE AR A A 16.89

3 2] Al ©917} I/hai Elof3lo] #
Seluet B4 AT AHETF6.15 ke/ha)
o] W (1.09 ke/DZ o] I/ha
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Table 8. Predicted deposition(ug/m? - yr) 20 . : '
Deposition| |
Distance(m) Deposition sl N
0 16.89 Deposition
(/i -y7)
10 9.29 10 -
20 7.63
S -
80 270 W e T B SN I B
0 100 200 300 400 500 600 700 800
90 245 Distance (m)
96 232 Figure 5. Predicted deposition rate
100 2.27
110 2.15
= et
170 1.32
180 121 3. M= RS "ot
190 LIS o AR G712 54 5] FR7o| v}
200 1.08 o = - _
: 2t gebxith, 2009\ Al o oFE Qg Aol A ALAlRE
o2 F 0] Sfohs AR ot 2155147
pg/m’ - yro 2 YAFo] 7t A e, & Z3 oy A7k AR AARKEA A, 2009)
1 SR BB AR BAHE ey ol

2R 717 ARRE sk ARl 2158 (96 m)ol
2

g °F 2.32 pug/m’ - yr= oS

Z] A

e tporo] 17

Table 9] A5t}

Table 9. The amount of pesticides deposition per annual agricultural production(Ethoprophos)

Annual agricultural | Pesticide deposition amount per | Maximum residue limits Maximum residue limits for

production annual agricultural production | for pesticides in foods | pesticides in foods for organic crop*
(kg/m’) (ppm, mg/kg) (ppm) (ppm)
Potato 2.76 0.0008 0.020 0.0020
Sweet Potato 1.68 0.0014 0.020 0.0020
Pepper 435 0.0005 0.020 0.0020
Strawberry 322 0.0007 0.020 0.0020
Peanut 0.25 0.0093 0.020 0.0020
Galic 1.36 0.0017 0.020 0.0020
Buckwheat 0.10 0.0232 0.005 0.0005
Daikon 5.28 0.0004 0.020 0.0020
Wheat 0.37 0.0063 0.005 0.0005
Lettuce 2.76 0.0008 0.020 0.0020
Sorghum 0.17 0.0136 0.020 0.0020
Spinach 1.61 0.0014 0.020 0.0020
Cabbage 5.53 0.0004 0.020 0.0020
Onion 741 0.0003 0.020 0.0020
Cucumber 7.14 0.0003 0.020 0.0020
Corn 0.50 0.0046 0.020 0.0020
Millet 0.12 0.0193 0.005 0.0005
Tomato 6.20 0.0004 0.020 0.0020
Grape 1.85 0.0013 0.020 0.0020

* Maximum residue limits for pesticides in foods for organic crop is a tenth of Maximum residue limits for pesticides in foods.
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