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Determination of carbendazim and thiabendazole in environmental water
samples using solid-phase extraction and L.C/electrospray MS/MS
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Carbendazim (MBC) and thiabendazole (TBZ) in environmental water samples were simulta-
neously determined by a liquid chromatograph/tandem mass spectrometer equipped with an
electrospray ionization interface (LC/ESI-MS/MS). A simple and rapid sample pretreatment
procedure using solid-phase extraction was developed to minimize the ion-suppression effect
and to enrich analyte compounds. Both MBC and TBZ were quantitatively retained on a solid-
phase extraction cartridge (Oasis HLB). The cartridge was washed with 3 ml of a 30 vol%
methanol solution and then with 3 ml of water, and subsequently dried under a vacuum. MBC
and TBZ retained on the cartridge were recovered by elution with 4 ml of ethyl acetate. The
cluate was taken to dryness under a nitrogen stream before being re-dissolved in 1 ml of a
water/methanol (1 : 1) solution. The solution was analyzed by LC/ESI-MS/MS. The results
of analyses of spiked MBC and TBZ in aqueous solution demonstrate the applicability of the pro-
posed method to environmental aqueous solutions, such as river water and the discharge of
sewage treatment plant (DSTP). Detection limits of 0.32 ng/1 for MBC and 0.93 ng/1 for TBZ
in river water, and 5.6 ng/1 for MBC and 4.9 ng/l for TBZ in DSTP have been achieved. The
results of overall recovery tests showed that the recovery of deuterated MBC-ds, the spiked inter-
nal standard, was 85.4%, and that the relative standard deviation (RSD) was 11% . The recov-
eries of MBC for river water spiked at 5 ng/1 and 50 ng/1 were 102% and 104%, and for DSTP
spiked at 250 ng/1 was 106%, respectively, and their RSD ranged from 1.9% to 3.4% . The
recoveries and RSD of TBZ ranged from 78.9% to 136%, and from 1.8% to 4.8%, respectively.

Keywords : carbendazim; thiabendazole ; LC/ESI-MS/MS; river water; discharge of sewage treat-
ment plant.
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LN TVEY., AARENICBITS ZHE DA
1998 FEEHmE (BEEBE I DEH, BTN UTF
oYy bM)W, R23IN190, FAET A= AFN
551, MBC 0.2, TBZ 6.8 TH Y, MBC HEKD MR DH
TrTH5BA, MBC ZAERTAWHEOH LN I L
FFT A= MAFVEERTAHE, BfEE LTET L
Trz— MR, ENRMVEDSITONE, LA T, H
REMNIIBIT L EERERED DL LT MBCIZDOWT
FAETHZEREETHLEHW SN,

Lo, fEkoEERES HIWE LGMETIE, Bl
THIBEDS B WD BB D% Y, ZoBEKP
TOWRESAIP LT oz, 72, #ART5
ppt ® MBC ZBRINTTEEL L Cw 235 TlE, 1HERS O
BECRET 74 2T A=A T LEHHALTHBET, B
BRI BT 5 —RIGHFEL E R DI wEEZ LR
5.

EIT, AR TEIEREAKTO MBC & TBZDE=¥
Uy 7EHBELT, TROEMES— MY v V2K B0
EEREE, WAk U~ NI 74—/ L7 PR
TV—AF ALy v F ARG (LC/ESIMS/MS) %
A A D ng/l LAVOGHERZRE L, WKL
FAKLBEIG RO AR ICEA L CRIT 2R Z2E -0 CHRET
5.

2-1 & E

FEERIEH U722 AE 8 5L, TBZ & SR S B
99.9%, MBC B BIERERMEE 08.0% @ 2 f  (FHtL#
EH) R L. NERWEIE, FARFERERNMAEHR
?D MBC-ds (F1EE 99.6%, HRMZEHE) 7 Hw7o.

ZOMORIEIIITRERERBH A ¥ / — ) 1000, 5RH
EERBARER 7V 1000, BEEBELOEERT v =7 A
WA (TN D FRMERE) 2w,

MR WD EIE A B0 xO L, x¥ /-
WM LT 500 mg/1 (HL, WEHEYWE DA 50 mg/1)
DOERFEREZAEL 72, BAEBRERRE, SEREEZ A Y
J = VCHEEGTIRA LR L.

ITmM BT v E=Ta-FEEE (1:1) AKBERIE, 2mM
BT v E= A& 2mMBEEER 1: 1 DEIATHALT
L7

ESIH Y — AT ARPA 7Y 5 — AT EHE RS
FEDORESE-BELEH L.

AELOBHE L AFEUCIE, Oasis HLB (8 cc 60 mg, Waters
B) EMA—IYy VEMERL.

2:2 KERUHIESRMGE
B < 75 7121& HP1100 (Hewlett Packard
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#) %, S T 2121 Capeell Pak Cis UGI20 (150
mm X 2mm i.d. 5um, EEEE), F— AT AHITIEHE
YUY —ZD 10 mm X 2mm id. 5um ZHHL7.

BEIAIL, BB A A ¥/ —b, B: BEKRERV,
Pt 0.2 ml/min T 50% A ZWIIBEHE L, V=77 F
VI MERAWT 05 BOBEMERAKE 100 A & L
7o AT AEIBAE 40C ICFEREL, RAMNIFLATYY
YURZTIZED ImMEEET Y E= T A -BEEE (1:1)
KRBWE 2 W/ min THRML 72, BREEAEE 01 & L
7z.

YT VAT —VEBIMFNIZ ESIA 4 ViE& 8%
L 72 TSQ7000 (Thermo Quest #) % vy, ¥ —AF AL
80 psi, &7 Y7 —HAFE 40 unit (16 1/min FH),
A E=F, ATV —EE A5V, N#AFYET) —
BB 350C, WZEAN AET IV T Y 2 mTorr, SEIRFHH N
% (SRM) Tl L, Bohi¥— WD S PR
XD EREREIT -7z, SRM Kb, Milkf+ & LT
TBZ %% m/z 202, MBC %% m/z 192, MBC-ds 2% m/z 195 %
BIRL, HREFRPFE=F—AF LT, TBZ X 30
eV T m/z 175 %, MBC & MBC-d; 133512 20 ¢V T m/z
160 % PR L 72,

2:3 HEOBHEEER

A — MU v DI X B REHRMERIEL, BREE= TV 3
ml, A% /=N 3ml ROEFAKSmI TIry74a=v
7 L7z Oasis HLB 7 — bV v Y TA7» 72, 100 ml O JI
KILTY 20 ml O FARMBEE R AEZ, BEKTHRLCT
100 ml & L 72K 2112 20 ng/ml O WERHEE R
0.5ml ZRMP L EAHE, =My JICBESH5ml T

AR,
IDH—PY v TR0 AY ) —N3ml TEHEL, K
WK Sml THRIELZ. H— 1Y v VRBREAKE,

FEfE =)V 4 ml THEH S8, SRV AKKT THEE K
FEL INEDPRBEMHE I ml TEREICBBRL, 09
Lo b BRI L 7.

2-4  FRINENRERER A sk

BRIBKIC & B RNEIGRERICIZ, ZBE Lo PRiE
TROMTAETERAR LK, ZEINIHAT 5 T ARM
MWK Z AW, I s %285 AMMEFR (GF/C,
Whatman ) CTEEL, ®mMEE L UTRMNEREIZE
5, HAAEHBHTIE 50, TR K I 250 ng/1
D X ICRAEREZRML:. PREE LTFHEOMIII
A 100 ml, TAKPLEES K I 20 ml % 2-3 DEAEIC
it 7.
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Fig. 1 Chemical structures of TBZ, MBC and MBC-d;
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Y UTFAEEGM AT ) BORRA + i2id, M+
H) " 128%% % % TBZ Tld m/z 202 %, MBC Tl m/z 192
%, %72 MBC-ds L m/2 195 #EIR L7-. Fig. 112 TBZ
& MBC MU MBC-ds DHEERER L7,

RICHEEA 4 ¥ % 15~ 40 eV DEBFE THE SV, ftil
LBI7IGTAYMAUVPHRONIBEEZMET L. TBZ
X80 eV /LN m/2175 %, MBC & MBC-d; 133412
20 eV TR HNTZ m/2160 & E=F — A4 F VITHEIR L7,

3.2 HPLC 9Bt H T LDER

MBC B U TBZ i3 EMALEW D TH T A L OMEM
AR, EEFY VBAY LR ERRNL B
BHWSHNTWA., /2, TBZ CREBT7 v E=v &
EOBERBHMHTE -2 BRERE L 2582 H
5.
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Fig. 2 SRM chromatograms of MBC and TBZ stan-
dards solution by LC/ESI-MS/MS

Concentration: 0.1 ng ml™!

L7235 T, LC/MS DA & bk &R &M CETT
B2, KEXAZ )= VOREBEME LT, TOLMLt
TREZYE— 7 BIRPHB SN D I T A% Capcell Pak Cig
UG120, Symmetry Shield RP18, Zorbax 300SB-Cis,
Capcell Pak Ph UG120, Zorbax Bonus-RP % 53R L 72,

22 |\ R LIBEMOEMHETIE, TXTOHTFTALATE—
IDTAN Y TBPBEINT. FFICTBZ IEF L — ML
WieoT, TBEATOEBEAMYIERTLHEIZLD L
EZONBIRELRTAV YT ERRTHITL DD 12,
Capcell Pak Cis UG120 THE R 2 ¥ — 7 BRH?E S
N, ZOFREENL, U A5 NVECE) v —HE2 B
TAHIEIZLD, BRAKSEIEET L ERAMYRHRAT Y
T = VEOBEPERRENT WS 20Y, AHEH L7
BEMHIZBNTD, 74 Y Z7O/MSRIFRE—27BIR
WRONIEEZ LN,

DT AL D 0.1 ng/ml BEEEE 5 ul EARED
SRM 7 1< M7 A% Fig. 2ICRL72. ZOLEMGTT,
LA LT 0.1 25 20 ng/ml DHPHT # = 0.999 & B
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Table 1 Recoveries of MBC and TBZ from distilled

water with various solvents

Recovery, % (Spiking of 50 ng each)

Analyte Dichloro
Methanol Acetnitlile Ethyl acetate
methane
MBC 89 85 84 80
TBZ 87 83 78 81

U R B b7,

3:3 JU—2T7vTO%E
LC/MS 12 & BillE R
A F VAL ERAD BB & W,
2 & B EEEBOMNE: & UCid, MK X % PR
EHIEPRDIRGTH 505, TXTOMEWIZOWTE
ERMAEEZ AFT L2 LIERBICEREBETCH L. SEIZ
wmmkomfw&Aifétwﬁ,mLLomr%:
NEHWTHET A2 e Lz, x4 E Lz MBC &
TBZ 1%, REEKOMMAEIC B W TEERE & L T
mﬁfﬁ%ﬁ&@@%i?ﬁﬁﬁﬁTL A4 F ALEH

eI NBEE MR oNIz, 72, 2WEN
fﬁﬁ@ﬁbﬁﬁﬁ?ﬁ&ofkb H 5 LS DU
MOEIZLL< M) v 7 ARGOENR, 44 MA~D5E
BoEREPZORERRE LTEZ LN

T, A4 EEENC X B EERT 2 KB L, MBC
& TBZ TA 4 VLRI OB R E L ZE LWL D,
BE~ M) v 7R TELPZTHRETEL 2y =0T 0T
Wa a7z,

RABRBRZ RN L 2B KERIH, 25—
WV, TR rZ YN, BEBBZF IV, Yr0uXxy o4
A FEHBEE LTI o7, Bl — M) v V0505
IIEIERERAE S % Table 1 2R L7z, T_XTOBBICH
WTHEHHEE 4ml T, BEEEMN78~89% &LIZITFMEE
%% T EHRER SN,

AR MY v 7 R X B4 & ALIHED R RN DB
BIEEBIRT 272012, M) v 7 AR KRENWEEZ
57, D MBC & TBZ OW 7 S 72T ARKLB S
BORKZRE L LCEBEBBEOWELIT-72. Yrua X
L pEH S EEEL 100 & L2BE& oMt %
% Fig. 31K L7,

CORE, BFBTFLEI 7O X T VY, A¥ I —)
L7 b= PUYIVICHE L CHRIET 20% DB, &
B b)) v 2 AOBEREIRTE DL L5 olz. RIE
BMomErZE L, BRI FVEBHBERIGRIRUL. &
B, COMENFBEHMBBRETORNEORKTICLZbD
ThWI Eid, FEEIC L 2 BEHEICEEREOBRNE 1T

v Al U I A s e

B ERET N v 2 AL D
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Fig. 3 Relative area of MBC and TBZ from discharge

of sewage treatment plant with various solvents
[J: MBC; B&: TBZ

100

0]
o

[e)]
(=]
i

Elution ratio
=N
)

L 4
20 30 40 50 60 70
Methanol, vol%

[\
o

(=)

Fig. 4 Elution curve of MBC and TBZ with water-
methanol solvents(elute with 3 ml)
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Wil L7zRiR, FREOEBREOWMIEH -7 LTk
o> CHERL 7.

KIZ, A% —VKBHIZE BB~ MY v 7 2hof
F &, BAMES ORBRIREBET 572012, 257
— VKB EEMY — b))y VoEEEE: L, BDE
RBEHLBEVWRKAY ) - VEREROMREEIT>72. Fig.
412, MBC RO TBZ 2 M L7z — MY v %, 30~60
vol% A 5 /7 — VKEW 3ml CHRE L& S0BNEL,

AMEEL 100 LTRLE. ZORKRL2S, REBBRE
30vol% A ¥ J — VIKBEHIZIRE L7,

ERBTBWT, A ¥ — VKEBRETIRE CHERT
FVEREIT 722 25, BEORSTOBBHIE LN, #l

IS E FITTHREEIZEZ 5. Kexy 7 —,
EeiE 7L 0 3 WIRARIC L 5 HRRADA o B % 8
FB 7212, A8 7 — VIKBEEERICKIC L BRI R AT
AT L. ZOHBELEAY  — VRKIBBTER - K
BB FUBERICE- T, ERBCBOTIEEALE
BORCIHINEE RS Z ENTE .
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Fig. 5 SRM chromatograms of MBC and TBZ in river water and discharge of sewage treatment
plant(DSTP) by LC/ESI-MS/MS
A: Hamura; B: Maruko; C: DSTP (non-spiked samples)
Table 2 Recoveries of MBC and TBZ from spiked river water and discharge of sewage treatment plant
Analyte Sample name  Sample blank/ng ™' Spiked/ng 1™ Found/ng 1™ Recovery, % RSD, %"
MBC Hamura 1.08 5 6.18 102 3.4
Maruko 98.5 50 150 104 3.3
DSTP” 208 250 473 106 1.9
TBZ Hamura 1.49 5 5.43 78.9 4.1
Maruko 38.8 50 107 136 4.8
DSTP” 104 250 404 120 1.8

a) n=5;b) DSTP: discharge of sewage treatment plant

34 RIMNENEER

2:3 DB NLHEEZAT - 72 2.4 DRBIMAB O
SRM 7 0= F 75 A% Fig. 5 IR L7z, AR TTFXR
MBI HHERKOVTNICBWTHEROWEL L LY~
BRONGE o7z, F72, MBC-ds DHERBES S KD 7-H
SfENEE & AR R Z (RSD) 13X, WA HE AT 82.0%,
9.0%, HTHE 79.1%, 8.1%, TR HFHEK 95.1%,
63% &, < NY v 7 AKX B4 F ALEIEIOBE % K
AR T & 7.

MBC-ds * WMWY H & L MBC & TRZ DEZMIF L
T, WINENERZ RD-HERE Table 2R L2, =B,
S RALEW B RBIAENC B TR S W0 T, TR

B OWEMED O RAEMAR O Z 2 LT EINERZ EHE
L7z, WRIREEA 5, 50, 250 ng/1 & 3 BxREDIERE D EIL
BB VT, MBC TIXAINEK 102~ 106%, RSD i
1.9~ 3.4% & B AR08/ 5 e,

—J7, TBZ O BEILHEIZIRIMEEE 5 ng/1 T 78.9%, 50
ng/1 T 136%, 250 ng/1 T 120% & FigE TR /K%
FEREGo/2, TN RSD A 1.8~4.8% L/hEWnT &
b, WMERETHELL, MBCE TBZO~ MY v 72k
HTHHEOBB OB LR EHERN SN, TBZ
1 MBC & Db A4 EHIH O BEI/NE L, MBC-ds %
i EBEMIEICRoT LT ok S HEM SN,
MRBERICL 2 ERBRICBVTDH 624~ 121% & PIE
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Table 3 Method detection limits (MDL)

MLD/ng 1™’
Analyte
River water DSTPY
MBC 0.32 5.6

TBZ 0.93 4.9

a) DSTP: discharge of sewage treatment plant

WEEFAROMBELE o205, JORRNH S & HE
WEN, BIHRERICLIERICBNTD, 100% &8
RABENERE e o 2R EE LCIE, BEEEEOE AR
ERICT A 7 LCHREMEICH Y v b sl do 280
A, EREOFEARCIE M) v 7 ADPEEBMNE < AF
YUTABRIEILEDFAY Y IWEASL, E—2ELTH
Yy PENB IR LD, HEE L CHEEIKE
S ozl sz, 5%, TBZ OEREMER Lo
7o, TBZ OLEEFMAEO TSRz 5 L [,
COFICOVWTHRIEITI ZERLETH S,
RHMEINEBROEREEH T, ERBOREERED 3
R REBRRME (MDL) & LCEMREL2# R % Table 3
\Z/R L7z, MDLIZ, #JIJKT MBC %% 0.32 ng/1, TBZ %*
0.93 ng/1, TG AK T MBC 2% 5.6 ng/1, TBZ #*
49ng/1 Thoz.

BEBKIZBIT A MBC & TBZ O 5E = IC EAHEAM & LC/
ESI-MS/MS % FHv2C, 20~ 100 ml D KA 5 ng/l LR
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=1
B

BIEKBOHI LR F TN (MBC) &EF 7RV 5V — )V (TBZ) % LC/ESIMS/MSIZL V) EET 5 HiE
RS L7, MHREMES — MYy VR BHOTCEMS LA EROBEIIB VT, MY v 7 AFR
2k BT 2S8R0 5N 70 THERTLHEEIC DWW TR L. 20#%E, ARREEo— M)y U
30vol% A % J — VKB E K THRE L2 BICHBRZF VTHERT A ET, WEHEREHE LTRMLZ
MBC-ds O [HILZE 85.4%, HxtfE#EEZE (RSD) 11% &, RE~ M) v 7 22X 54+ ML OBELE
WCE 2, ORI A H W REEK TORMENGRERZ 17\, MBC O BIEIEIIAKND 5ng/1 &
50 ng/1 DIRMIT 102% & 104%, TFARLEBRFAND 250 ng/1 DEMT 106%, RSD ix 1.9~34% & &
If ek B % 157>, |6 U< TBZ ®EILERIZE 78.9~136%, RSD if 1.8~4.8% Th - 7. BIUBEFEERHO
EHEED 3L L2 E0fliE, KT MBC 28 0.82, TBZ %% 0.93, TRMLEBHGHAK T MBC 2% 5.6,

TBZ 28 4.9 ng/l T o7z,
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