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Abstract

This study was carried out to monitor the pesticide residues of agricultural soil and water of the
Gangseo district in Busan. Agricultural soil and water samples from paddy field, upland, and orchard
were analyzed monthly by GC/MSD and GC. In total soil samples, endosulfan was detected in the
highest frequency with the average residual level of 0.686 mg/kg. Methidathion, pendimethalin and
tefluthrin were detected in 8 times of frequeny with the average residual levels of 0.829 mg/kg, 0.134
mg/kg and 0.007 mg/kg, respectively. Hexaconazole and DDE were detected in 5 times of frequency
with the average residual levels of 0.289 mg/kg and 0.005 mg/ kg, respectively. Besides, isoprothiolane,
flutolanil, fenitrothion, alachlor, chlorfenapyr, ethoprophos, diphenylamine, phenthoate, bifenthrin,
parathion-methyl, quintozene and diazinon were detected in sequence of the frequency with the average
residual levels of 0.008 mg/kg, 0.096 mg/kg, 0.360 mg/kg, 0.023 mg/kg, 0.023 mg/kg, 0.397 mg/kg, 0.004
mg/kg, 0.017 mg/kg, 0.008 mg/kg, 0.004 mg/kg, 0.001 mg/kg and 0.011 mg/kg, respectively. According
to the cultivation types of soil, in paddy field, endosulfan, hexaconazole, flutolanil, chlorfenapyr and
methidathion were detected in sequence of the frequency. In upland A, endosulfan, tefluthrin,
methidathion, fenitrothion, isoprothiolane, diphenylamine and pendimethalin were detected in sequence of
the frequency. In upland B, endosulfan, pendimethalin, DDE, alachlor, isoprothiolane, ethoprophos,
methidathion, phenthoate, bifenthrin, parathion-methyl and quintozene were detected in sequence of the
frequency. In the orchard soil, endosulfan and diazinon were detected in sequence of the frequency.

The results of water samples analyses showed the aspects of little residual level. In only agricutural
water samples around paddy field, isoprothiolane and alachlor were detected in the average residual
levels of 0.003 mg/L and 0.002 mg/L, respectively.

Key Words : Pesticide, Agricutural soil, Agricultural water
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Table 1. List of pesticides categorized by use type for multiresidue analysis

Use type

Pesticides

Fungicide
(50)

captafol, captan, carboxin, chinomethionat, chlorothalonil, cyproconazole, cyprodinil, dichlofluanid,
dicloran, diethofencarb, diphenylamine, fenamidone, fenarimol, fenbuconazole, fenoxanil, fluazinam,
fludioxonil, flusilazole, flusulfamide, flutolanil, folpet, fthalide, hexaconazole, imazalil, iprobenfos,
iprodione, iprovalicarb, isoprothiolane, kresoxim-methyl, mepanipyrim, mepronil, metalaxyl, metconazole,
myclobutanil, nuarimol, oxadixyl, penconazole, probenazole, prochloraz, procymidone, pyrazophos,
quintozene, tolclofos-methyl, tolylfluanid, triadimefon, triadimenol, tricyclazole, triflumizole, vinclozolin,
zoxamide

Insecticide

(76)

acrinathrin, aldrin, anilofos, azinphos-methyl, a B,7,8-BHC, bifenthrin, bromopropylate, cadusafos,
carbophenothion, chlorfenapyr, chlorfenvinphos, chlorobenzilate, chlorpyrifos, chlorpyrifos-methyl, DDT,
diazinon, dichlorvos, dicofol, dieldrin, dimethoate, dimethylvinphos, disulfoton, edifenphos, endosulfan(«
B ,sulfate), endrin, EPN, ethion, ethoprophos, etoxazole, etrimfos, fenamiphos, fenazaquin, fenitrothion,
fenoxycarb, fenpropathrin, fenthion, fenvalerate, fipronil, flupyrazofos, furathiocarb, heptachlor, isazofos,
isofenphos, malathion, mecarbam, methidathion, methoxychlor, mevinphos, omethoate, parathion,
parathion-methyl, permethrin, phenthoate, phosalone, phosmet, phosphamidon, phoxim, pirimicarb,
pirimiphos-ethyl, pirimiphos-methyl, profenofos, prothiofos, pyraclofos, pyridaben, pyridaphenthion,
pyrimidifen, spirodiclofen, tebufenpyrad, tebupirimfos, tefluthrin, terbufos, tetradifon, thiometon,
triazamate, triazophos, vamidothion

Herbicide
(31)

acetochlor, alachlor, bromacil, butachlor, diclofop-methyl, dimepiperate, dimethenamid, diphenamid,
dithiopyr, diuron, ethalfluralin, indanofan, mefenacet metobromuron, metolachlor, metribuzin, molinate,
oxadiazon, oxyfluorfen, pendimethalin, pretilachlor, prometryn, propanil, propisochlor,
pyriminobac-methyl, simazine, terbutryn, terbuthylazine, thiazopyr, thiobencarb, trifluralin

Nematicide

fosthiazate

Microbiocide

nitrapyrin

Plant growth
regulator

paclobutrazol

Table 2. Operating conditions of instruments for residual pesticides analysis

GC/MSD GC-ECD/NPD
Agilent 6890N GC/5973i MSD Agilent 6890N GC
Column HP-5MS HP-5
(30mx0.25mm X 0.25um) (30m x 0.25mm X 0.25um)
120C (1min) — 5%C/min 120C (1Imin) — 5°C/min
Oven temp. — 200C (3min) — 3C/min — 200C (3min) — 3C/min
— 250°C (5min) — 2907 (5min) — 250°C(5min) — 290C (5min)
Injector (Inlet) temp. 250 260C
Source : 230C ECD : 280C

Detector (Aux) temp.

Quad. @ 150 NPD : 325C
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soil (50g)

— add 0.2N NH4Cl 30mL
acetone 100mL

shaking (1hr)

vacuum filtration

«— conc. NaCl 50mL
— d-H20 400mL
— dichlomethane 50mLx2

water (500mL)

add conc, NaCl 50mL—
dichlomethane 50mL X2

dichlomethane phase

evaporation

«— dissolve in dichlomethane 5mL

Purification (florisil column)

— elute with hexane/dichloromethane/acetonitrile

(49.65:50:0,35) S0mL (eluant 1)

— hexane/dichloromethane/acetonitrile

(48.5:50:1.5) 50mL (eluant 2)

— hexane/dichloromethane/acetonitrile

(45:50:5) 50mL (eluant 3)

eluant 1, 2 ,3

evaporation

— dissolve in hexane 1mL

GC/MSD, GC

Fig. 1. A scheme for multiresidue analysis of pesticides.
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Table 3. Monthly residual level of pesticides in soil samples
Month
1 2 3 4 5 6
Paddy Endosulfan Endosulfan Endosulfan e Endosulfan Hexaconazole
field (0.087)* 0.177) (0.174) " (0.094) (0.011)
Endosulfan Endosulfan Endosulfan
(0.222) (0.337) Endosulfan Endosulfan 0.178)
Upland A Endosulfan Isoprothiolane Diphenylamine (0.260) (0.197) Tefluthrin
(0.244) (0.011) (0.004) Tefluthrin Tefluthrin (0.002)
Tefluthrin Tefluthrin (0.003) (0.002) Pendimethalin
(0.007) (0.011) (0.065)
Endosulfan Endosulfan
(0.637) (0.735) )
Ethoprophos Ethoprophos En(c(i)og;gan
Endosulfan Endosulfan (0.581) (0.212) Pen diﬁlethalin
(0.813) (1.317) Alachlor Alachlor (0.036)
Upland B Isoprothiolane Endosulfan Isoprothiolane (0.005) (0.053) Parzithion—
(0.009) (0.029) (0.003) Pendimethalin Pendimethalin methyl
Alachlor p,p'-DDE (0.700) 0.151) © OOZ)
(0.010) (0.009) Phenthoate Isoprothiolane o
(0.017) (0.010) Qtzglg%zl‘jne
p,p-DDE p,p-DDE '
(0.003) (0.006)
Endosulfan
Orchard En((;o;z(l)gan nd nd nd D(ilzGiSczn nd
(0.011)
*; (concentration) mg/kg, nd** ; not detected
(Continued)
Month
7 8 9 10 11 12
Endosulfan
(0.310) Endosulfan
Endosulfan Methidathion (0.138)
(0.553) (1.933) Methidathion
Paddy Hexaconazole Chlorfenapyr nd Hexaconazole Chlorfenapyr (0.920)
field (0.038) (0.002) (0.203) (0.043) Flutolanil
Flutolanil Flutolanil (0.078)
(0.017) (0.193) Hexaconazole
Hexaconazole (1.057)
(0.134)
Endosulfan Endosulfan
Endosulfan (0.134) (0.139) Endosulfan
(0.103) Tefluthrin Tefluthrin (0.078)
Upland A Endosulfan Endosulfan Fenitrothion (0.003) (0.019) Tefluthrin
(0.115) (0.141) (1.035) Fenitrothion Fenitrothion (0.005)
Methidathion (0.017) (0.028) Methidathion
(0.864) Methidathion Methidathion (0.413)
(0.818) (0.938)
Endosulfan
Endosulfan Endosulfan (0.092) Endosulfan
(1.021) Endosulfan Endosulfan (0.434) Pendimethalin (0.068)
Upland B Pendimethalin (0.634) (0.497) Pendimethalin (0.016) Pendimethalin
(0.031) Pendimethalin Chlorfenapyr (0.016) Methidathion (0.021)
p,p-DDE (0.104) (0.003) p,p-DDE (0.532) Methidathion
(0.005) (0.003) Bifenthrin (0.213)
(0.008)
Endosulfan
Orchard nd nd (0.095) nd nd nd
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L5 BFZEE Table 40] Holx| %o, AEA|ZA
endosulfan, methidathion, chlorfenapyr 3%2 Ajo]
A&Ya, AdAZA flutolanil, hexaconazole 2%2]

gl A&k

WHEQFo| FHEEOF HA

ol ZAME ZAA T tHA g FA 0 o]Fo]A,
Wk A 23] fuhis Ao R F. A
WA AEAH AR ok 2 km A% Wold djshrs
T oA ARAAEOR dho] AR AHEAh B4

o~

ZA3}= Table 33 7t

A AR diaht (ohEA) ol M= F 7ES Fed ol
=¥t Endosulfan 2 ®ie AEHUALN, H 0.179
mg/kg © HEFS RN Tefluthrin® 83]2] AEW
Lok 4 0.007 mg/kg ° AEFS E 3T Methidathion
< 43 AZE3, Ft 0.758 mg/kg 9 AEFHS UERA
t}. Fenitrothion <= 33| AER %9} F4t 0.360 mg/ke,
71 9] isoprothiolane, diphenylamine, pendimethalin ©] 1
3 A=Y, 47 0.011 mg/kg, 0.004 mg/kg, 0.065
mg/kg o] HEFS BATh

T oA g (QERB) o= F 12F 2 sekditol
AZFH v ARG D5 B2 AT HE 4
RAY, AEWE 0% B endosulfan ©] WiE AE
12382 7P Wk, 4 0.578 mg/kg 2 HEFS Ueh)
It Pendimethalin ©] 83], g+t 0.134 mg/kg, p,p'~DDE

Table 4. Sort of detected pesticides by use types

7} 53], H++ 0.0052] mg/kg, alachlor 33], S+ 0.023
mg/kg, isoprothiolane 33], ¥+ 0.007 mg/kg, ethoprophos
23], H+ 0.397 mg/kg, methidathion 23], ¥ 0.373
mg/kg ¢ HEHS St Phenthoate, bifenthrin,
parathion—methyl, chlorfenapyr, quintozene <= 13]2] 7]
EHEE B3, 27 0.017 mg/kg, 0.008 mg/kg, 0.004
mg/kg, 0.003 mg/kg, 0.001 mg/kg o] HEHS W}
A 1023 1190 242} 459 sofo] HEH o
7H w2 Aol AEHQdT 249, 3¢, 9€, 12€°+= 3
Fo] FoRg o] AEHJAL, 490 2%, 19, 7€, 899
HEHS. UFEBE 423 52 6
AEHQI, 62, 102, 1180 4%,
4, 3¢, 7Y, 12€°l 3F9 wopdEo] HEHAUTE 8¢
Aar, 2€elE 159

SEHE s g3PAs AFAEA endo—
sulfan, tefluthrin, fenitrothion, methidathion ¢] 4]
AEHN, AFAIEA] isoprothiolane, diphenylamine
9 2%, Ax=AZA pendimethalin 1¥5°] AEFAL. of
B A=A 24 endosulfan, ethoprophos, phen—
thoate, parathion—methyl, chlorfenapyr, methidathion,
bifenthrin ¢ 7%, AfA|ZA4 isoprothiolane, quinto—
zene 9| 2%, A|ZA|ZA alachlor, pendimethalin ¢} 2%
o] 247t AEHUTE 1 9 AFARE 2hole p,p'-DDTE]
WallAHEQl p,p'~DDE %% AEEHUTH (Table 4).

Use type

Fungicide

Insecticide Herbicide

Hexaconazole

Paddy field Flutolanil

Endosulfan
Methidathion
Chlorfenapyr

Isoprothiolane

Upland A Diphenylamine

Endosulfan
Tefluthrin
Fenitrothion
Methidathion

Pendimethalin

Isoprothiolane

Upland B Quintozene

Endosulfan
Ethoprophos
Phenthoate
Parathion-methyl
Chlorfenapyr
Bifenthrin
Methidathion
p,p'-DDE*

Alachlor
Pendimethalin

Orchard

Endosulfan
Diazinon

* 3 Breakdown product of p,p-DDT
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Oisbt A, B 4 AyE AR, 2 ogks Al o] 0.004 mg/L, 0.001 mg/L ¢ &= 717 AEE A
Highs EFAE AR e de sl AEH1, & 2 AT AR kO] o AR Y8R AR
det Aol Aee HAEFY ASAIE AR AoldE Ha, v ske # ARE dREHe E2E B8 T
o T QT ol F EFOlA Aeke diTke] A5 A8 o] EF0] dojube HoE B Aie TR AR
2ol 9} AR L] ok Aol ogh xfol® Az E I, o 9] oA AFo] FAEo] & AFe] BAT]T]eA HAEE
Eoko] A7) 2ol Z Qg wekgRo BEohy AL A ottt wHEW <k Vo AR Solzk okl o
sk Qlow A7tEojXIth S FAtel FEEe] et & AAFE] fr)Eel

FHEEEE o 3ESHE FdE wle Aok 21

DfrUEAS TR SO BN star ity By HEet AR YR olAY T} 2t

PrdEGS =EY Al AFH AT A9 okt FAEE ERls] Sdixe A AYES] AL 3
A RS Alfehs e AFAR R Asto]l Al o]FolHE Ao AZEY, B AdefA ARE-SH FAA]
£ AFste] A48kt (Table 3). IFHESSFS Aies 7hAg=ekE#9] (GC) 2ol dAaZrtE2#e (LO)
193 5€, 99 Fopdio] AEF] tE AHAYEY  H[E o]&g BAE FeF o7 AlmEt)
wAATel gy wepdiEo] EAow HAEEHUU
Endosulfan = 33| A&NIE=Z 7P wo] HEH A,

Ht 4.153 mg/kg o HAEFS Btk 1 ¢ diazinon o E
°] 0.011 mg/kg ¢ FE= 13 A=At

HrdEd A, dllsoel ofF dsirt AA AYE= ol

: ol ABEE ARk FES o AL F
ok Al el AESAAL eofe] HERLE o agere masis AIY B A, 7% #74 S 2
FRA ] AEHT] o] =REGRU: AEFOl B ) gogns nE Ao xRS sy, e B
© Rew Az Jelan, okbe] AR St AASIAL o qujets) Aol mokg AFske] BT, B AT
oY g ol Qg sl #fEel Akl AN g as ou Hne] ok gio] Eoke] wEuy, EAY
HEPE Bl Ao Ay £ goluna AR A% $A $AAE dow
34 o ARANE 2AR
el HRser 24 FEAES T meh woke §715A, #7194
TAAMNEE = - 8 ARG T WAt °o] 4 av)9A Futdlo)EA Som g )l A7be
T WAFTE e S FItel e SR W a5y gARge) A4S b f15eAS) e
HE S ARl B (Table 5). FHANE 719007 poke Abgo] FAHo] ATy, MR ok
o ks AR vnd FEeR MY o endosulfan® S-Ejubeke} wlTelA @A) AHEE I 9
ol = W] A, 683 89, 9ol AlxAl AEA = solet 1A AEAR )RR ErloA] =)
alachlor 7} 0.002 mg/L, A A<l isoprothiolane Agow FMelaA Ales 1w gl
Table 5. Monthly residual level of pesticides in water samples
Month
1 2 3 4 5 6 7 8 9 10 11 12
§ ) " Alachlor Isoprothiolane  Isoprothiolane
Paddy field nd nd nd nd nd (0.002)%* nd (0.004) (0.004) nd nd nd
Upland A nd nd nd nd nd nd nd nd nd nd nd nd
Upland B nd nd nd nd nd nd nd nd nd nd nd nd
Orchard nd nd nd nd nd nd nd nd nd nd nd nd
Inflow water nd nd nd nd nd nd nd nd nd nd nd nd

to river

nd* ; not detected, ** ; (concentration) mg/L
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A AEE T Y wor) e AXEe F
Z1AI 8} FubHo| EAl= 87 oA A wEelE o] R
A EAe 34 AT 7101 Bk A, 34
A Zgog ANAA) 58 Gk 9,12“113_1'1), )

HH= 719 aAl sk
7V Wol HEHFOH, =k dEgeA FRA A
=53 d=EB o A-f, 19739 Fufelld A AR

A" f719aA sk pp'-DDTE  FaEikE<]
p,p'—DDE7} A&x¢l+=d, DDTY 374 = 21 7FAlo)

Fa7A A%H I ek & 5 e Relt.
H71914] s> 5% (methidathion,
ethoprophos, parathion—methyl, phentoate) ©°.% 7}%

o] AF= QT

fenitrothion,

R AR A ATl RHIA gepEAel
I3t A7 s W Folvh dliuAl elsEd
(Endocrine disrupter chemicals, EDCs; Endocrine

disruptors, EDs) & 374 o 2zt FEo] v
F FEOEE o FEOIY Al FEFE wAH WAl
W7 = B Ay Ao 2 Y oS
& 4 e Aew Huwy Qo yRu)Agel
& B7F i 713l whep oFh Zpol 7t b=,
A ] Fao)H e AAR Hpell elakH AlA
+ (WWB) oM+ & 67F2, 1= lllinois+
745E US  AEste] Probable,
category® W Fo] £33, Known category (19%) &
FEd AF AbEeA dZuAl Felrt dFH =4=,
Probable (29%) & A& bio—assay°olAl uliEn]Al %
of zrgo] QlFH EAE, Suspect (26%)E AEANME
A7} P33 bio—assayolA T J5E EdE A3t
I QUh A Ao kFAEANAT A= T 142F
S E2o x3A| Yo, feuteks 199849 o],
WWF] 67%9] stetads AT ew st #d
AFE FHEka Qa, FHToles dF 248 FUlste] o
F-akal itk

= A3 Aye} ol 7HE9 uin|A FelEA H
57 vjws] B, WWF 55 Fol|A & alachlor, DDE,
¥ 9lal, v lllinois EPA HSof=
category®] DDE, endosulfan, Probable
category®ll alachlor7} E3E v} AE =5 ojekE A%
AL EZo=  alachlor, DDE, endosulfan,
hexaconazole, pendimethalin ©] X3tE ¢t} EoFH=E
A R =89k endosulfan, hexaconazole, thubgt
Aol A pendimethalin, T3 BellA]

endosulfan, alachlor, DDE, pendimethalin ©] X3}

1o

folr 10
U“t'
o]

N

Known, Suspect

50

endosulfan©]

Known

endosulfan,

Zow #lEo] PHEA AEHE endosulfan = A
etur oy YEnA ol FHEZo] B TN &
Q1% 3k

tEe] #AZIHY FoF g T TR deF
Ao setgct

K

2 ATE TP A o Hro] FoF o] wE Y
FAL ARG FBA} FHETE
=
WhglA Al2E AF st EA e
Ad, = 8, ArdES, AAolA endosulfano] 7 W
HENEE BHelow, i 0.686 mg/kg & HEF= LER
21t} Methidathion, pendimethalin, tefluthrin < 83]2] 7
959} Z+2F 0.829 mg/kg, 0.134 mg/kg, 0.007 mg/kg
9] FH#AEHS Bt} Hexaconazole, DDE = 53]9] A&
W=} 742t g4t 0.289 me/kg, 0.005 me/kg o] % HE
H Atk 1 9] isoprothiolane 43], flutolanil, fenitrothion,
alachlor 7} 33], chlorfenapyr, ethoprophos 2z} 23],
diphenylamine, bifenthrin,
methyl, quintozene, diazinon Z} 13] AZ% o, F+7]
=2 7+7F 0.008 mg/kg, 0.096 mg/kg, 0.360 mg/ke,
0.023 mg/kg, 0.023 mg/kg, 0.397 mg/kg, 0.004 mg/kg,
0.017 mg/kg, 0.008 mg/kg, 0.004 mg/kg, 0.001 mg/kg,
0.011 olditt. EH A= =EJeAE
endosulfan, hexaconazole, flutolanil, chlorfenapyr,
methidathion 0 HAEWFS HPow, LESSF AdA=
tefluthrin,
isoprothiolane, diphenylamine, pendimethalin <=, WESF B
A= DDE,
isoprothiolane, ethoprophos, methidathion, phenthoate,

phenthoate, parathion—

mg/kg

endosulfan, methidathion,  fenitrothion,

endosulfan, pendimethalin, alachlor,
bifenthrin, parathion—methyl, quintozene =2] 7A&E%UAS
R I E o A= endosulfan, diazinon ]St}
Ar g AAA o ® veek ARds et =B
7R~ isoprothiolane, alachlor”} 3+ 0.003 mg/L, 0.002
mg/L HEFS BT
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