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9} : Benzimidazole A 59kl benomyld] <}3 AFT ¢ Lo ge THILA, 1996 59, 89, 1044
AFA G MAXA 23 % FHAFEANA benomyl FFFS ZAIATE Benomyle AAAGNA F2
carbendazim (methyl 2-benzimidazolecarbamate)©.2 W27 w31 A} ¥H7] W&o carbendazim FFHL
benomyl AFFO2 3Gtk UV-HPLCY 93 benomyls) HAAEFEE S5 FolM 02 pglolNz, AY
E, $27MH, "9, 28, A § ZAMNEE 04 pgkgolth. BE A2 #49 AU ENA benomyld
AEHA g3 2 $Z/ESG 1Y, 28, Al ZE AgoA benomyle] E4ZE HAULh ok ¥
AE71Q 549, 843 ok w|A¥s|Q 109 2L AFAAY) =8 AEFIL ANHoE FHA s 2a)
FEo| AFARE 27 opld, AEFFYUL Bol st FAFEY HudolME benomylo]l AEHA &t
o wWEhA benomyle] o) AFE At HFRA 29L Ut Ro: yehdrh(1998d 129 17¢ A<,

19993 49 30 <2))

Key words : benomyl, benzimidazole, coastal environment, Cheju island.

=

M E

Benomyl [methyl 1 - (butylcarbamoyl) benzimidazol -
2 - ylcarbamate] & 19673 Du PontA}o] A benlate}=
o|go2 huE oba)o|THTomiin, 1994).

a4 $2 dlelde dgol =Y, T3
(FH3E), IA(FE %), HxA@A s AR,
SWolaz, 4T, 44sE, FRAYeld AF
Hog 50% A A HIJAoHEFTHH3,
1997). Benomyl®] FA7Z4TF LDs(rt)xE& 10,000
mg/kg, 54 73 LDsoX|(mouse)= 5000 gkgo 8 ¥
T2 U 4 4L ¢ Holy, ojFd o
& TLm(Y o)) 4.4 mg/mLo]tHTomlin, 1994).

EGT 97IE T7deln(o] 5, 1996), 494
54 =HADDE 0.1 mgkgo]tHCodex, 1998). o] %=
(1996)2 E4F benomyle] FofR{EEr1Foz
AANEFNNE 30 mgkg, AR EGAE 4 mgkg
S AN gl

Benomyle sie] 7479, Alze] @A, o)

AR

51

Hely 5o wAle] Algde ATFA ol FATY
3], 1997). 1989~1993:d2] FAlo] s $-2utet
ol A& A7k 140 tono] AHEEHATHOl T, 1996).

AFE E5F 5 5YlME benzimidazole)
ko 2 benomylo] AMREH I it o|FA ALgd
ke ol A&FE AA widE {YE F e
o, QA Yoz FUE FHL AUYEL A
A Qe Ale] F3dS vA sbeAe] dd gz
2 AFFLeR A% HIYLF LS A WAF)
M E T EHE 7 oldEtd Tt FFA
HE AARoZ 2} AT Aol W3

AFE Qe 48 AN 4L 3= 4
¢t HYEE BA Pagd ARG FoM ARF
oo B3 AAH AFrt aBHz ok 2y
LY E 85 2 AATAEY AFFFY
Ao gsidE uj$ AgHog WAEHT Qo) 2
ARE sepsrlde ul$- o A4 gk %
AR AFE AQAZNM 2] benzimidazoleA =
FE5od A% naE g AAolrh

g2ty £ dFME AFE A4 A0 JFE
U SELEY F FYol A3 BETH FARE

F
3
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A HE 7HEE 5EHO2, benzimidazole A 5
¢} Z benomyle] ZAF AEE HESYH

Nz 3 4y

BF %3} Aot

Catbendazim ¥ZFES 1.00 mg/L7t SA A8
t}. Acetone2 #HF(YE)9 FHEALE, dichloro-
methane S 3H(U ) AFEAELL AMgslgen,
F4 NaSOi= 333 EPFS acetoned} dichloro-
methane© 2 A2 A& F 150CAN 247 Az
F AH&3k

NEL T

AeARARE 39 17 2o, A4LRALY
fo] Fglo] HE £g daly] A3 AAXA 22
FEsgel Yuoz A n dde AP
thoolsh wimaly] AN i ARHF edgol
F4lo] B AFAY S5 eADY 22d 93
¥ =5 dere 9330 |

NEAANE ZEsdld soke Bol Axs
E A7lel sdshs 19963 59 2647 8€ 9o A
Astom, olsh wwaly]l skl Fof wAEA
Q1 109 1490] AR AFE F2AFTE A
Fatgon, AUEE dZ¢ Coed AHESIU 4

& $ZANEIe vlolg, $BL 2dte AAE B

% .
+3tf ARAA

Benzimidazole 5 £&

Benzimidazole Al F¢Fe] 42 t&7 Zo] 3
. AUES gdg %A, v, 28 2 QA
Z}z} 100 g& 300 mLo] H#E2Ie] 3ty oY)
of 100 mLe| acetoneS 7HEhi 108 B¢t SRAY
F&33tt FE29E AEE3A acetone S FLA
713, $& E3& dichloromethane 150 mLZ 33 #*
£3}34tt.  dichloromethane €032 10 g9 F4
NaSO: 3¢ FHAA EFAZY. ol& #AdsFH 38
3 methanolZ §%E 2 mLE & 3, AAEL A=
2 A439T. % ABE 200 mLe dichloro-
methane2 3¢ F 1 o|FE IAHAEZEA 3 Y

&A #ch

AAE teflon stopcock?} F2AE HAE column(ID
22 mmXx30 cm)olj 10 g2] Florisil-& 7}8l2 1 $of 8
g9 ¥4 NaSO.2 F3 3 ©}S n-hexane 30 mLZ
Aojdirt. Column Ago] wi2y] Aol ARE 713}
1, ethylether/n-haxane (15/85, vfv) &g 150 mLZ
48 A o] §EY S FAFEFAA methanolZ
2 mL §%3g 2F F HPLCEAHE ANs2 s¢d
(Stringham®} Teubert 1984; Bardalaye$} Wheeler, 1985,
Chibas} Singh, 1986).

717184
UV(282 nm)7} %3¢ Water 486 HPLCE o] 83}
benzimidazole”] %S EAgh. Cohme p-

Bondapak Cis, ©]%/2 water : phosphorus buffer :

methanol (3:2:95, vjviv), =+ 40CE &%t

N ~Dodu

® Cheju city

Cheju island

7

Fig. 1. Sampling locations for evaluation of residual
benomyl: on the suburbs of Wimi and Cheju
on the Cheju island.
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a7

¥2

ik

Benomyl 2| 2y

E#E carbendazim®) HPLC chromatograme 1 3
o] (A)%} olcarbendazime] XA+ 46120 {ch.
N8 % benzimidazole#A] &F benomyle] HAHESF
E: ¥ 13} 2k A5AE 200 mLAsn HER
22 mLE 392 9 02 pgl otk AUE, 4
g, 58 5 1A ARAANY JrHEEEE 04 ¢
ghkgolAth. AAA AR 24 Al AE % benomyl 7
FEEst A2AS2EENTD Qe G B AYY B
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HzAdME HEHA gornz o EHENo
Detected, ND)Z FAJ5}5Ith &9 3482 1 ppm
(0=2)9] X 917%AL, AYE, A&, FE4A 7
2z} 85.5%, 81.3%, 80.6%%1t}. Amalla ©} Maria(1987)%=
At#}+% carbendazim®] 3]4-8-0] 83.2+24%m=10)0)%Y
o3 ¥ skt

Benzimidazole#] ¥9<¢] benomyle- EY3 % - A&
A A -CONHCH.CH.CH,CH:8} Z#j7} BAX 4
Ao w)$ A carbendazim (methyl 2-benzimi-
dazolecarbamate) 0.2 ¥ 3}n], xl2= MBCZ ¥7|8
tH2¥ 2). Carbendazim benomyle] F¥ EH7=
o, benomyle] Fg A#HL st Eafatgeltt
(Baude 5, 1974; Meloni 5, 1984; Lis} Nelson, 1985;
Yarden, 1985). Benomylo] carbendazim©.2 W3s|=
Bl BolAE 247L ES FAAE 1902
o)¢- #th(Tomlin, 1994). 1&{\} benomyle] F¥ #3)
AHEQ carbendazim® EUGF WHA7E 100¥0w
71t BEG Fol 253 drhHelweg, 1977). uielA
AAA NE F benomyle) HFFL BN vl
benomyl®] EAFES] carbendazimS EAs}A o}
(Baude 5, 1974; Meloni 5, 1984; Li®} Nelson, 1985;
Yardens, 1985). 2328 2 AT ME carbendazim
o] Z7%E benomyle) FHFFOZ BT

CO—NH—C,H,

(A) @[‘;}w_m_m;
(B) @dym_w*«%

Fig. 2. Chemical structures for benomyl(A) and carben-
dazim(B) for residue evaluation in the coastal
environment on the Cheju island.

Al29| chromatogram

29 39 B)E AE&F 799 HLPC chromatogram
oltt. 1Y 3 (A)9] carbendazim®] FA|A]7HQ] 4.61%
o 937t YehbA ggtom, wEbA carbendazimo)

E7&(Not Detected : ND)HS RojFa gk
Benomyl®]  EAWe  colorimetric'd (Pifarre S}
Vayreda, 1987), Scintillation’y}(Helweg, 1977), Enzyme-
Linked Immunosorbent Assay¥(Newsome2} Collins,
1987)0] it} Yubz o2 HPLCH'Y o] ®o] o] &5
1= ul|(Stringham9} Teubert 1984; BardalayeS} Wheeler,
1985; Chibas} Singh, 1986), ¥ Ao HPLCS
o]83lA &4 A8 F benomyld 24T ¢ AT
Table 1. Qualified detection concentration of carben-
dazim on UV-HPLC

Water Sediment Plant Animal
(ugl) (nglke) (ng/kg) (nglkg)
0.2 04 04 0.4

e
Carbendazim
2
_ A\
(A) (B)

Fig. 3. HPLC chromatograms of the standard carben-
dazim at 1.0 mg/ml(A) and the sample of
seaweed cava(Ecklonia cava)(B).

#A5+2 MU E = benomyl X7

A9 AYEF benomyl FEE ¥ 29 2t
AFE B2 AT FAAHQA AnAGAME F
oF AMS- H|7]Q1 10€0] benomyl> HEHA &k
o =g 5% AR A1 5€3 8 AHE 3
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FME benomylo] AEHR Attt EF BAFE
o X3 AFA I EE HAFARIME
benomylo] A& R &gt

dl5=cl A benomylo] EHE HUAE, AYEA
T benomyl®] FH-E& ZAME Fart o AYEF
AME 5o AHE A5 5937 8¥o| benomylo]
BT AZHA] @Ak =T FF ALE vF71A 10
goll AFY AYENAME benomylo] HEHA F%
=3
g 2 AYEA benomylo] AEHA ¢ R
AHEE, AHEA), AHERIRIE o7 ZEA 890 FelA
benomylel E]3t AT kA 8Qleg A9g
4 9tk Kim3} Feagley(1998)%= MetribuzinZ $- Koc7}
9602 §E25AM ¥E71 Egton, Triflualing] %
% Koc7l 875961 f&5dA w57 w4k =3
2] Koc7} 300-5008ch ¥& i Edd £39
o] 73l HFEFoAM HEEC Run Yok
Benomyl- & Koczto] 19000.2 Ekd] g F&3o)
Fatel, 2ol Wy =7t 4 mghkgo2 W}
(Tomlin, 1994).

Aharonson¥}  Kafkafi(1975)Ecarbendazim®] E% 3
33 o)BAYlN EYF F olFA4o] vis Hoz
39t} Solel 5(1979)2 carbendazime] 8¢ o] FA Y
ol A Aol gjREo] 8 o] FHA %3 1-10 cm
o] FEd AL Busturh. wabd A ALgd
benomyl2 E%E olFAo] nj$ FHeomz AF: &
Az FA7 w$- Ag Aoz AZdr.

fX7HA1E, 0| F benomyl ZHF

19 AUE FolA benomylo] BHE IO E,
A BAZ A2 2 A2 F2F0149 benomyl
2F oJ8e 24 & Wast Yok

AENE F nHHo| o)5HA Y LR/
nge dato benomylsEe A ARE ¥ 33
2o 5ok Ag 44719 593 890l benomylo]
25 425K 49t T3 5ok ALE #4712 10
o) AHY SE/MIE, MAINE HEHA 3t
0. ol AFA 2 EF Aotz MAXA 23
o gl E s o9 Zo| AFE %
A EA o)M= benomylo] HEA ket

A2t ¥ MA F benomyl Z5F

A, AUESH 489 ARE AT AXA
HYEE 3 benomyle] IFAEE ZANI] 93,
AsuY 5ol s =@ Ade AT FBL
AeaAct. A& F benomyl FEE E 49 2T S
43 8¢ =79 HAviddd &3, AAA benomyl
2 BF HEEA 43k E=F 1099 HHE 28,
AAAME HAEHA I WA FEARANE
benomyle] & &tk
Table 2. Residual levels for benomyl determined as

carbendazim“in the seawater and sedi-
ment on the Cheju island in 1996

May Aug. Oct.
Wimi ND” ND ND
Seawater
Cheju ~ ND ND ND
Wimi - ND ND ND
Sediment
Cheju  ND ND ND
“Not detected.

Table 3. Residual levels for benomyl determined as
carbendazim in seaweed cava (Ecklonia
cava) and Agar (Gelidium amansii) of
ocean-on the Cheju island in 1996

Wimi Cheju
Séaweed Agar Seaweed Agar
cava cava
May ND” ND ND ND
Aug ND ND ND ND
Oct. ND ND ND ND
“Not detected.

AFAA Y AR AFE A 923 F 3
%, AUES $2/MlE, vds e AEH i,
A & FEAROA benomylo] ZF HEEHA
gotet. o] Ase B HlAME]Q 109 By ofy
g}, 5ok A¥r|el 597 sLNE FYagch £
A25Ye Aoz HF s BAFEY AFA
Bz @ opJg, ZEEge 8ol s dAFEY
S| Aol A= benomylo] AEHA FASS FAY
% At mEA AFE 28 H§F 83 FoE Al
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Fx9 SAYED F benzimidazoleAd] &3}
benomyl®] ZF+= §lE AL ZE ey

Table 4. Residual levels for benomyl determined
as carbendazim in turban sell(Bacillus
cornutus) and sea urchin(Anthocidaris
Crassispina) of ocean on the Cheju

island in 1996
Wimi Cheju
Turban Sea Turban Sea
sell urchin sell urchin
May ND” ND ND ND
Aug ND ND ND ND
Oct. ND ND ND ND
“Not detected.
olg8zsl
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Residue of benomyl in the coastal environment on the Cheju island

*Jung-Ho Kim, lSeung-Kyo Suh, and Youn-Keun Oh(*Faculty of Environmental Science and Engineering, Kyungsan
University, Kyungsan, 712-240, KOREA, 'Dept. of Environmental Management, Taegu Polytechnic College, Taegu,
706-020, KOREA, and zDepL of Ocean Environmental Engineering, Cheju National University, Cheju, 690-020,
Korea)

Abstract : For the determination of coastal environmental contamination level of benomyl, benzimidazole pesticide,
the residue of benomyl in various environmental samples on the Cheju island was monitored in May, August and
October 1996, respectively. The residue of benomyl was determined as carbendazim because benomyl was converted
to carbendazim (methyl 2- benzimidazolecarbamate) in the environment. The qualified limit detection of benomyl
was 0.2 pgfl. in ocean water and 0.4 pg/kg in the solid such as sediment and sea organism by HPLC with UV
detector. Benomyl was not detected in any water and sediment. Moreover benomyl was neither detected in seaweed
cava(Ecklonia Cava), agar(Gelidium amansii), turban sell(Batillus cornutus) and sea urchin(Anthocidaris Crassispina).
Above date suggest that the benomyl used in the Cheju island is not the major source of coastal contamination.

* Corresponding author (Fax:+82-53-814-1412, E-mail:jungho@kyungsan ksucc.ac.kr)



