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Table 1. GC and HPLC operating conditions for pesticide analysis

GC

HPLC

HP-6890 Plus with G2614A autosampler

HP-1100 series

Phenomenox (25 cm,

Column DB-5 Capillary column (30 mx0.25 mm id.) particle size 5 pm, )
Temperature : 250C,
Inlet Injection volume : 1 pL, split. Injection volume : 10 uL
Constant flow : 1.2 mL min."
Electron capture detector
Temperature : 320C . UV-Visible detector
Make up (N) : 10 mL min.
. Wavelength : 220 nm
Nitrogen-phosphorus detector
Detector T fure : 320C. Mak N Fluorescence detector
emperature : 320C,  Make up (R Excitation : 286 nm
: 10 mL min. Emission : 316 nm
Fuel gas (H) : 3.1 mL min." '
Air : 60 mL min."
Total 40 min, : 130°C (2 min. hold)
. o = -1 o
Oven — increased at 7°C min.” to 200 40T

— at 2°C min." to 220°C (4 min. hold)

—> finally at 10C min.” to 300C (6 min. hold)

Mobile phase

H:Ofacetonitrile (45/55, v/v)
: 0 min.~5 min. =

1.0 mL min."
HxO/acetonitrile (30/70, v/v)
: 5.1 min.~25 min. =

1.3 mL min."
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Table 2. List of pesticides categorized by analytical instruments for multiresidue analysis in soil and water

Analytical instrument

Pesticides

GLC/ECD
(E1 group)

anilofos, alpha-cypermethrin, butachlor, chlorfenapyr, chlorfluazuron, cyfluthrin, dichlofluanid,
difenoconazole, fenvalerate, fipronil, fluazinam, fonofos, hexaflumuron, imazalil,
imibenconazole, iprodione, metobromuron, nuarimol, phosalone, pretilachlor, pyrazophos,
pyridaben, tecloftalam, trafluraloin, triadimefon, triflumizole, trifluralin, vinclozolin (28
pesticides)

GLC/ECD
(E2 group)

acctamiprid, acrinathrin, alachlor, bifenox, bifenthrin, chinomethionat, chlorfenson,
cypermethrin, dichlobenil, dicofol, diniconazole, ethoprophos, fenarimol, flufenoxuron,
tau-fluvalinate, folpet, isoprothiolane, metribuzin, oxadiazon, penconazole, phorate,
probenazole, prochloraz, tralomethrin (24 pesticides)

GLC/ECD
(E3 group)

bromopropylate, chlorothalonil, cyhalothrin, deltamethrin, dimethylvinphos, endosulfan,
esfenvalerate, ethafluralin, etridiazole, fenpropathrin, fluoromide, linuron, nitralin, oxyflurofen,
permethrin, phthalide, procymidone, propanil, propargite, prothiofos, tetradifon, tolclofos-m
(22 pesticides)

GLC/NPD
(NI group)

bitertanol, bromacil, cadusafos, chlorpropham, chlorpyrifos, clofentezine, cyproconazole,
DDVP(dichlorvos), hexaconazole, hexazinone, IBP(iprobenfos), malathion, mefenacet,
methidathion, myclobutanil, pendimethalin, prometryn, pyridaphenthion, quinalphos, simazine,
tebufenpyrad, terbuthylazine (22 pesticides)

GLC/NPD
(N2 group)

amitraz, azinphos-m, BPMC(fenobucarb), buprofezin, chlorpyrifos-m, dazomet, diazinon, EPN,
isofenphos, isoprocarb, metalaxyl, napropamide, parathion, pirimicarb, pirimiphos-m,
profenofos, propaquizafop, tebuconazole, triazophos (19 pesticides)

GLC/NPD
(N3 group)

cyprodinil, demeton-s-m, dimethoate, edifenphos, fenbuconazole, fenitrothion, fenthion,
flusilazole, isazofos, mepanipyrim, mevinphos, phenthoate, phosmet, piperophos, propamocarb
hydrochloride, pyraclofos, terbufos, thiobencarb, tricyclazole (19 pesticides)

HPLC/UV

carbendazim, diflubenzuron, dimethomorph, imidacloprid, teflubenzuron (5 pesticides)

HPLC/FL

carbaryl, carbofuran, furathiocarb, isoprocarb, methiocarb, methomyl (6 pesticides)

Table 3. Physicochemical propertics of the soils used in this study

Regions pH? EC” oM? P05 Ca” K" Mg"
Sites (ID) (1:5) (ds m") (g kg') (mg kg (cmol(+) kg™
Pyeongchang
Yukbackmajigi (YK) 527 0.64 66.20 875.70 3.83 1.13 0.84
Hoenggye-1i (HR) 572 035 16.50 794.80 3.02 0.52 0.67
Jeongseon
Yemi (YM) 6.75 043 35.70 849.70 5.37 1.00 1.73
Golji-ri (GR) 5.64 0.61 23.60 1096.50 427 1.07 0.67
Taebaek
Maebongsan (MS) 6.81 0.36 55.70 477.60 7.48 1.90 1.74
Guinemigol (GG) 5.85 0.38 4470 416.50 592 1.17 0.96

a)
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A4¢ A9 ¢ 2479

mean values of triplicates with 10 sampling sites at each region.

oF HIM kg' ©2HE 40 mg kg'? 20 mg kg'EAS x4
EZES AR T 7718 S EY 42 A= 247 01, 0002 mg kg' FF

wj& gaske] 1,000 mg kg'o] stock solutiong ZA] Ha) 3 T Eckd A5 B4 wHi ZU3)
A4tk BANE Sorel EF RTE4W 1000 mg  Fudelel H48¢ Fan



192

42 39 1% 2e BRoz
AL Y. BAYA oo AA
& BEA71] dehde EY 2 44 A89)
XFEY retention timeS W XIFL, 7 2ENA
retention time®] & Z$-o|= mass spectrometer
(Shimadzu QP-5000, Japan)Z o] &3} AR} &
49N e AFUNEE sobo] A% 48 Az

Soil (20 g)

=2

=

- Shaking 30 min.

Centrifugation (2500 rpm, 15 min.)

|
]

Vacuum filtration

Add 5% NaCl 50 mL
Partitioned by dichloromethane 80 + 70 mL

Add acetone 200 mL, d-H,O 50 mL
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Add Sat. NaCl soln. 100 mL

Water (L)

l

Partitioned by dichloromethane 250 + 200 mL

|

Dichloromethane

phase

Filtering through anhyd. Na,SO,

Evaporation

Dissolved by acetone/n-hexane(2/8, v/v) 5 mL

l

Purification (SPE-FL cartridge)
1. Conditioned by n-hexane 5 mL
+ acetone/n-hexane (2/8, v/v) 5 mL
2. Eluted by sample 2 mL
+ acetone/n-hexane (2/8, v/v) 5 mL

Evaporation

Redissolved in acetone 2 mL

GC/ECD, NPD

|
l

Fig. 1. A scheme for multiresidue analys

|

Evaporation

Redissolved in
methanol/dichlomethane(5/95, v/v) 3mL

Purification (SPE-NH; cartridge)
1. Conditioned by dichloromethane 5 mL
+ methanol/dichloromethane (5/93, v/v) 5 mL
2. Eluted by sample 2 mL
+ methanol/dichloromethane (5/953, v/v) 5 mL

| Evaporation

|
|

Redissolved in acetonitrile 2 mL

HPLC/UV, FL

is of pesticides in soil and water.
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Table 4. Pesticide residues in soil samples
Regions Month (2004)
Sites(ID} April June August October
Pyeongchang
YK endosulfan endosulfan cypermethrin (0.054) alpha-cypermethrin (0.044)
(0.007~0.008)” (0.007~0.016) dimethomorph (0.043~0.048) captan (0.412)
fluazinam (0.057) endosulfan (0.004~0.021) endosulfan (0.005~0.024)
esfenvalerate (0.007)
trifluralin (0.145)
HR endosulfan (0.014~0.020) carbofuran (0.022) carbofuran (0.034)
fluazinam (0.160) dimethomorph (0.033)  chlorfenapyr (0.037~0.112)
prothiofos (0.017~0.507) endosulfan (0.006~0.019) dimethomorph (0.034)
isoprocarb (0.023) ND”

linuron (0.011)

Jeongseon
YM cypermethrin (0.095)

fluazinam (0.040)

alachlor (0.053~0.056)
endosulfan (0.016~0.023) dimethomorph (0.057)
endosulfan (0.006~0.007) endosulfan (0.006~0.015)

alachlor (0.035~0.080)
cypermethrin (0.056)

alpha-cypermethrin (0.052)
dimethomorph (0.028)
diniconazole (0.082~0.269)
endosulfan (0.051~0.133)
prothiofos (0.024~0.098)

prothiofos (0.033)

GR alpha-cypermethrin
(0.076~0.087)

carbendazim (0.108)
dimethomorph

cypermethrin (0.052~0.286)
(0.057~0.065)

endosulfan procymidone
(0.005~0.024) 0.040~0.147)

imidacloprid (0.063)
prothiofos (0.022)

carbofuran (0.022) endosulfan (0.010~0.033)
dimethomorph (0.033~0.062) dimethomorph
endosulfan (0.006~0.019) (0.039~0.337)

endosulfan (0.007~0.008) procymidone (0.147)
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Table 4. Continued
Regions Month (2004)
Sites(ID) April June August October
Taebaek
MS alpha-cypermethrin alachlor (0.033) carbendazim (0.076~0.111)  carbendazim (0.663)
(0.045~0.158) carbendazim carbofuran (0.016) chlorfluzuron (0.030)
cypermethrin 0.076~0.111) cypermethrin (0.101) dimethomorph
(0.034~0.041) dimethomorph dimethomorph (0.055~0.515)
diniconazole (0.064) (0.085~0.149) (0.062~0.326) diniconazole
endosulfan (0.009~0.202) diniconazole diniconazole (0.051~0.161) (0.047~0.199)
esfenvalerate (0.019) (0.064~0.104) endosulfan (0.056~0.380) endosulfan (0.009~0.183)
fluazinam (0.126~0.425) endosulfan (0.06~0.1) esfenvalerate (0.030) esfenvalerate
prothiofos (0.028~0.095) flufenoxuron (0.094) (0.01~0.011)
fluvalinate (0.028) prothiofos (0.021~0.149)
procymidone (0.078)
prothiofos (0.019~0.049)
teflubenzuron (0.054)

GG dimethomorph dimethomorph
(0.262~0.678) (0.039~0.192)
diniconazole diniconazole

(0.076~0.224) (0.065~0.161)
endosulfan (0.007~0.065) endosulfan (0.09)
fluazinam (0.053~0.137)

carbendazim (0.108) carbaryl (0.063)

carbofuran (0.029) carbendazim
dimethomorph (0.061~0.129)
(0.039~0.286) cypermethrin
diniconazole (0.065~0.093)  (0.031~0.063)
endosulfan (0.008~0.151)  dimethomorph
ethafluralin (0.002) (0.055~0.404)
isoprocarb (0.038) diniconazole

(0.056~0.272)
endosulfan (0.012~0.129)
esfenvalerate

(0.016~0.027)
isoprocarb (0.013)
permethrin (0.033)
teflubenzuron

(0.025~0.046)

procymidone (0.04)
prothiofos (0.035~0.282)

¥ mg kg, ¥ not detected.
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Table 5. Detection frequencies of pesticides in soil samples
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Regions

Month (2004)

April

June

August

October

endosulfan (20)°

fluazinam (10)

prothiofos (10)
Pyeongchang

endosulfan (45)
dimethomorph (10)
carbofuran (5)

endosulfan (35)
dimethomorph (15)

endosulfan (35)

alpha-cypermethrin (5)

chlorfenapyr (10) captan (5)
carbofuran (5) cypermethrin (5)
cypermethrin (5) esfenvalerate (5)
isoprocarb (5) trifluralin (5)
linuron (5)

endosulfan (35)
cypermethrin (15)
alpha-cypermethrin (10)
fluazinam (5)
imidacloprid (5)
prothiofos (5)

Jeongseon

dimethomorph (20)
endosulfan (20)
alachlor (10)
procymidone (10)
carbendazim (3)

alachlor (30)
endosulfan (30)
dimethomorph (15)
carbofuran (5)
cypermethrin (5)
procymidone (5)
prothiofos (5)

endosulfan (50)
dimethomorph (20)
diniconazole (20)
prothiofos (15)

alpha-cypermethrin (5)

endosulfan (90)
fluazinam (30)
prothiofos (20)
alpha-cypermethrin (15)
diniconazole (15)
cypermethrin (10)
dimethomorph (10)
esfenvalerate (5)

Taebaek

diniconazole (45)
dimethomorph (35)
endosulfan (30)
carbendazim (15)
alachlor (5)

endosulfan (100)
diniconazole (85)
dimethomorph (85)
prothiofos (55)
carbendazim (20)

dimethomorph (80)
endosulfan (65)
diniconazole (55)
carbendazim (25)
esfenvalerate (25)

carbofuran (10) prothiofos (15)
procymidone (10) cypermethrin (10)
cypermethrin (5) teflubenzuron (10)
esfenvalerate (5) cabaryl (5)

flufenoxuron (5)
fluvalinate (5)

procymidone (5)
teflubenzuron (5)

chiorofluzuron (5)
isoprocarb (5)
permethrin (5)

9% of detection frequency.
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Monitoring of pesticide residues at alpine and sloped-land in Gangwondo, Korea

Dong-Sik Park, Tae-Han Kim, Seong-Soo Kim, Sang-Min Lee, Songmun Kim and Jang-Hyun Hur (Division of
Biological Environment, College of Agriculture and Life Sciences, Kangwon National University, Chuncheon,
200-701, Republic of Korea)

Abstract : Alpine and sloped-land in Gangwondo, Korea is the most important land type for cultivation of Chinese
cabbage. However, farmers in these regions have major problems with insect pests, weeds and disease. Over use or
inappropriate use of agrochemicals occurs frequently. No intensive study of pesticide contamination in this area has been
done. The work presented in this paper addresses this deficiency. We measured pesticide residues within soil and water
samples using multiresidue analysis. Samples were collected bimonthly from April to October, 2002 at three sites with 10
sampling spots. At the three sites, Pyeongchang, Jeongseon and Taebaeck, pesticides most frequently detected (>30% of
samples) in soil samples were endosulfan, fluazinam, diniconazole, alachlor, prothiofos and dimethomorph. The amount of
pesticide residues in the soils was ranged from 0.004 to 0.412 mg kg™ in these samples. Non-registered pesticides were also
detected in these samples, indicating illegal use of pesticides. No pesticide were detected in the water samples collected
from those sites. The results showed that pesticide residues might be dependant on physiochemical properties of pesticides,
application history and soil properties. This study provides basic data for appropriate pesticide use on alpine and sloped-land
in Korea.

Key Words : alpine and sloped-land, multiresidue analysis, Chinese cabbage, pesticide residues.
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