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An analytical method for the determination of twelve pesticides in river water with liquid chro-
matography/mass spectrometry (LC/MS) has been developed. Under reversed-phase liquid-
chromatographic conditions, twelve pesticides were analyzed using electrospray ionization (ESI)
with a simultaneous acquisition of positive ions and negative ions. The effects of the liquid-
chromatographic mobile phase on the separation of pesticides, the fragmentor voltage and the
capillary voltage with ESI on the sensitivity of pesticides were examined. The maximum sensi-
tivities for all pesticides in simultaneous acquisition were accomplished by setting the capillary
voltage at 2500 V. Large volumes of river-water samples were directly injected into the precol-
umn, and then twelve pesticides were separated by an analytical column with a column-switching
technique. The limit of detection (LLOD) of these pesticides ranged from 0.7 to 2.1 pg/ml.
The overall recoveries of pesticides were from 83.4 to 109.4% {RSD(n = 5) were from 1.1 to
7.2%} for drinking water.

Keywords : L.C/electrospray ionization MS; column switching; peticides; large volume injection;

simultaneous acquisition.
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Fig. 1 Structure of pesticides

1: asulam; 2: oxine-copper; 3: acephate; 4: bentazone; 5: 2,4-D; 6: triclopyr; 7: mecoprop; 8:
thiram; 9: carbofuran; 10: iprodione; 11: bensulide; 12: pencycuron

BB ENTERY. —F, LC/MSTEZFLCHHBEHL
LB B ARY MV X BEEERS SO, T2
ZNOOERE - BBIRRINSTTRE R Z &5, BEE

DFERWEDFEER FERIBD THE L LTEH
BN, HNNRA— PRBETVEDOBMAEE RS, KL
7z 7 F DREBRRBREA] TV 0 RS B IR O 43 AT
PG SN TS, FRICKRE A 4 1Bk Tdh 5 KAE
ZAF 4L (APCD) L huazxFL—aF 4t (BSID)
i, KREFTOAL T MEETH 2 55H»r 54  OFE %
BHL, LC/MSOEFRE R STETWE2 Lz
NOSIFLFED BEICRE SN —FHMETH D,
SHEBOREOL RS FEESFEOBREZFETIH L
WY EOL R WERIE, LC/MS O¥E, GC/MS &
BEVBREICLIVIEA T VRBEAL T UFEBESNR, SRS
FREE %2479 121, 1, B4 Y ORBFIESGLETH
HlickriEZzoNA, L LIESE, MeRllest
TOREHEI L EENTHR S, F, B4 YO
RHEIITREE o TV A, X CAITIE, IE, B4
v ORI E S EE SR LC/MS #BEZ HWvT, GC/MS T
EESISEER 12 BEIZIOWT, ESIEIC X L5

ER RO 217072, $£72, HBOREIE T LA I
P2 BA VT4 YEREORE 21TV, SRR S &
B 7B H TR E HESL L 7D THET 5.

2 £ B

2.1 B OE

KRR LB, ARV U, T T o
b, 7294, FU5Ah, 24D, by, Ao
Tay S, XIS, ANVKETT L, A TavEy, N
VAV FRUORY Yy @ 128 (wihb AR
T, Fig. 1 KHREOHENEZRLA. Zhb 120
BhEFNFNAY /= VIZEMRL T 1.0 mg/ml O— K%
MR AL, COBEBRETEIZAY ) —VICHBRESA
L, #BEIFEORED 10 ug/ml O ZRKIEER & ER % W
WL
FOMOREITTNTEERBORA Y ) — v, TP
MUV, BERT VEZD A, FERUFER (oThLHDE
FSEM) R Mz, ESTHEBRTAROCR T I A=A
ISR T HE (Agilent Technologies #) 7 534 S
HBETARZFER L.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

;

s, B, I, FJE  LCG/ESEMS 2 & A K i B 0 — FF 4047

311

N
e

C-1

0

4

Fig 2 Flow system of analysis of pesticides
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Pump: P-1, high pressure pump; P-2 and P-3, binary high pressure pump; Mobile
phase: A and B, 0.1% acetic acid; C, CHsCN; S: sample injector; Column: C-1,
Inertsil ODS3 column (10 X 2.1 mm i.d); C-2, Inertsil ODS3 column (150 X 2.1 mm
i.d); V: six-port switching valve; E: photodiodearray detector; M: 1100MSD

2:2 EBRUMTEME

Fig. 2 \CARBIFE T L7 LC/MS ¥ A 7 A OB %
RY. LCIKEEBEN FIV KRy T, =75 —,
Rheodyne B E BN FBIE VT NS T 2 EHEM, &b
FAF—=F7 LA RMEBLOEHEEND Agilent1100
(Agilent Technologies #) #HWL., 8T LI
Inertsil ODS3 (150 mm X 2.1 mm i.d.) %, #—F4F A
121 Inertsil ODS3 (10 mm X 2.1 mm id., W§hd T —
TV A4y A BRI, BEME LT, BEERA
0.1% BEBEKEIR, B: 0.1% FEERKEH, C: 7 F= b
YL ERW, WEEZ0.2ml/min & L7z, 7T ARER
40C & L7z, Fig. 2ICBWTT VAT 2% GHEL T A
WCHAR LR WIREE (B9 L AL v F v IV T ORBEIE
MOIREE) T, BBEZ 00 EALTHEMEA L 2 9H
HBEL, RETOKBEMEBRYRCEEA 4+ > 2BRET
. ZOMSH AT XIIEEEE B/C : 20/80 THHEIRRE
WCLTBL., FORBRITLESTAT L EERL O
SAAAL v F VTNV TORBFEERORE), BHER
B/C:20/80 4*5 85/15 ~NOHEMZ T VL. v ME (40 5
M) 12k, TV MRS BEEESN S T A
WEASN, SH T ATHEES S, EEOWEBIZIX
BERMATT 4 F—ft& ESI A 4 ViE2EHF LoE BN
HARE B 54T ET LC1100 MSD SL (Agilent Technologies )
PHW.

ESI {E TOMET ABE R REE 212 350C RO
10l/min & L, %754 F—HFAEIIE 50 psi & L7z,
Fr¥o ) —BEIXBOV, 75727 —EEIZ100V
L7 WREICIRIE, B4 4 v FBEE— F2 M L7
BHEARZ FPVORETIZE/F Y EZFY 7 (TIM)
- F (WEEEHE; m/z=100~500, EFLHE; 1.0
scan/s) THEEZIT -7z, EEICITHMNMERE L Hw7:
A, WEBREEERAER (10ug/m) ZHEEFRL
TEBIIEAL, SIME—F (&F—)V FEE; 150 ms) T

7T A —BEE 100V CUEE AT 72, WIAND
WIMERE, FBREESBRE SN WHIEI R <
FRECL 7230 J17K 10 m1 12, BEREEEE (10 ng/ml) %
10 pl KO 100 pl (100 pg K TF 1000 pg &4) #wh L CAT

o7z,
3 KiRLEL

3-1 TIM E— KO

3-1-1 BEMEEERAOBKREN  BESNICBVTE
BEEHDTEROODS AT ABEHINSE., LiL
LC/MS IZBWTHH T & 2 BEANIZER MR I B
SN, #@iIFOLC TSNS VIBRERIIEHTE L
W, FICHREUBHERE LTI0mM BB 7 =7 4
B 01% XBEEH LT = I VED) =F =
SYLY MERT, TIME— FOIE, B4 4 v RIERE
XD, 10pug/ml O REBEBEAEEHWCHBSED
Mt fTo/. BEOL—F VA Frru< T A
(TIC) # Fig. 31/RL72A%, 10 mM BERY €= A%
fEH L7 BBHTIE, SR L BEOR T Y V6
BELSMIBTE R Do, SOERE, FF¥ VST
FUZEIDSELAL L - 2 o T b I 0D, 759 4DFK
WHNMBICHFAETIEBA L v L BRARET 5720 TH
HrEZONA., —F, ¥FWEMEHLL-BEMHTE, +F
TR A T TR LA 4 T, 24 %
VEIYCHETHIME RTINS, HITFLNT
BHIZ2AFVF )Y VIR LAET A2 BT
Holz. Lol 2a2AF VR0 ORI, EEY
BEOTY 7 x— b EDOGMEIARTETH 72, 0D
BT LT, XUV URUELT = F UHEERRS
BHTHS 24D, P2 OVCALRIATTT Y TOBYE
BIEICHL X, FBEMEHT L TR S LR
R RE CEB L7225, FBEHTIND 4 BEOGH
DHETHo7. BITEWELRETHLT 7 = — MIF

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

312

BUNSEKI

KAGAKU

Vol. 50 (2001)

(A)
1
35000001 (1)
2500000 8
11
1500000
3 9
500000 1 N
0

5000001

3000007

1000007

0

1000000
8000001
6000007
4000007
200000 3

(B)
()

23

e A

Retention time

RK—J% 10

0

5 10

160000;
120000,
80000;
400003

@

15 20 7 25

5%

0 5 10

15 20 25

Retention time

Fig. 3 Tolal ion chromatogram of twelve pesticides standard mixture

Peak: 1, asulam; 2, 2-oxoquinolin; 3, acephate; 4, bentazone; 5, 2,4-D; 6, triclopyr; 7,
mecoprop; 8, thiram; 9, carbofuran; 10, iprodione; 11, bensulide; 12, pencycuron.

(A) 10 mM ammonium acetare, (B) 0.1% formic acid, (1) positive ion, (2) negative ion.

A portion (10 ul) of standard mixture solution of twelve pesticides (10 ug/ml, respectively) was

applied to the LC/ESI-MS.
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Fig. 4 Mass spectra of twelve pesticides with ESI

A: positive ion; B: negative ion; 1: 2-oxoqunolin; 2: acephate; 3: asulam;
4: carbofuran; 5: thiram; 6: 2,4-D; 7: bentazone; 8: triclopyr; 9:
mecoprop; 10: iprodione; 11: bensulide; 12: pencycuron. 146, 184, 231,
9922, 241, 330, 398, 329: (M +H)"; 219, 239, 954, 213, 327: (M—H)~
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B: asulam; €: carbofuran; @: thiram; []: mecoprop; <>: bensulide; O: pencycuron
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Table 1 Correlation coefficient of calibration curve
and repeatability of pesticides
Pesticides Correlation RSD(n = 5)”
coefficient

2-Oxoquinoline 0.999 7.2
Acephate 0.999 5.6
Asulam 0.999 3.7
Carbofuran 0.999 2.1
Thiram 0.998 6.3
2,4D 0.999 2.7
Bentazone 0.999 3.1
Triclopyr 0.998 2.2
Mecoprop 0.999 4.3
Iprodione 0.999 2.9
Bensulide 0.998 3.8
Pencycuron 0.999 2.5

a) Concentration: 10 pg/ml

A, B, I, HE  LC/ESIMS (2 & A3 K i S o0 — 500 315

ERELL. ZOBTVAITAFOBBREITLAL v T
VRGN AT LMEAL, BEOTS YT MEH
TREOHTMEIT>72. TOLMICT 1 ppb FEERAE
WAMHLT, REEARZEZ DS SIMETHER
o7z, ZOHER, T RTOEEOY — 7 HEIX 100~
900 ul TRIFLZEMMENESN, FEEOVY—IHBIRLE
HTHhot, LIzWoTRMETHA LN TG DAL vF
YT VAT ML AEBEANET, 900 ul ¥ THEAD G
THhAHAIEPHERINT, ZOHHBEIZBWVT, 10~
0.01 ng/ml D HHHN T O EMROMHBIREE 0.998 Pl 1
Tho7. 72, 0.01 ng/ml OFEEEFE DKL 5 FE
AL7t s oM E#EFE (RSD, %) $21~71% T
Holz. THhHDOREHEIL Table 1ITRL 7.

34 FANKTORMER

IMENER L UC, #JIK 10 ml WAEHEEH % 1000
BN 100 pg ML T 0.2 um 7 4 V¥ —CiF#Hk, KX
T AT 900 W EAIC KB ET, H—REOEEE
AW TORR LKL, BENELUERY Z L OFHME LR
€ L7z, #ERIE Table 21278 L, Fig. 6 [CEEMEGUEZ 100
pg M L72HED SIMETDO 7 ux Mo A &R L.
BURIL 83.4~109.4% THolz. T/, BHYELOEH
" (n=5) IZRSD T1.3~7.1% Tho 7. HEIFFHL
BHOBWILFFVYEF )Y o727 x— bOEIEL
90% LT L, TVH T ATRETE b o KBRS
DREDHETRD HNT=H, WA & & OfNA + &~
DR X B R EER TR N, FLh520%
A7z g AL v F 0 73D, BROEEREEACE
BIKBEHERS ORFNAEN 2 Z L AWRTE 2, HL,
INRAHY100% ZHEZ I BEFED LN, AP ) v
AL B Py ZAMBRVELTVEZLEEZ LN,
SHEIHKNZBRT2LENWH L. SRS LIZHET

Table 2 Recovery(%) of pesticides in river water and detection limit by the proposed method

. Monitoring Recovery Means % (RSD, %)" Sensitibity”

Pesticides . .
ion m/z 100 pg/ml 10 pg/ml IDL/pg ml

2-Oxoqunoline 146 89.3 (4.2) 88.2 (7.1) 2.1
Acephate 143 834 (2.5) 85.2 (4.4) 1.2
Asulam 231 96.9 (1.3) 97.5 (2.8) 0.9
Carbofuran 222 93.2 (2.5) 99.1 (3.8) 1.1
Thiram 241 90.5 (3.2) 96.2 (6.3) 1.8
2,4-D 219 104.4 (2.1) 109.4 (2.3) 0.7
Bentazone 239 94.4 (2.3) 92.1 (2.9) 0.9
Triclopyr 196 92.3 (1.6) 89.4 (3.2) 0.9
Mecoprop 223 88.1 (1.9) 93.7 (2.6) 0.8
Iprodione 330 94.2 (2.7) 91.7 (5.2) 1.5
Bensulide 356 97.1 (2.6) 93.8 (3.4) 1.0
Pencycuron 329 105.7 (1.9) 98.2 (4.1) 1.2

a) Recovery was calculated by analysing five river water samples spiked with 100 and 10 pg/ml.

b) Instrumental detection limit(IDL)

was defined as 3 standard deviation for five replicates of the river water sample spiked with 5 pg/ml.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

316 BUNSEKI KAGAKU Vol. 50 (2001)
45000 4000
3s000] |4 1 3000
25000 2000
15000 1000
m/z—146 m/z-239
5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
50000 2 175
40000
30000 128
20000 750;
10000 miz=143 250) m/z=196
5 10 15 20 25 30 35 O% 5 10 15 20 25 30 35
8000
6000

4000
2000

600 9
400
200

m/z—231 m/z—213

5 10 15 20 25 30 35 5 10 15 20 25 30 35

40000 2500 10—*
30000 2000
20000 }ggg
10000 m/z=222 500 nw7“330
0 ~

| i

(=]
<7

5 10 15 20 25 30 35 o 10 15 20 25 30 35
4000 5 6000)
3000 4000
2000 2000
1°°g m/z=241 m/z=356
5 10 15 20 25 30 35 % 5 40 15 20 25 30 35
3000 6 2250 12
1750
2
000 1250
1000 750
- miz=219 250 m/z=329
5 10 15 20 25 30 35 % 5 10 15 20 25 30 35
Retention Time/min Retention Time/min

Fig. 6 SIM chromatograms of twelve pesticide standards in a river water by
LC/MS

Concentration: 10 ppt.  1: 2-oxoqunolin; 2: acephate; 3: asulam; 4: carbo-
furan; 5: thiram; 6: 2,4-D; 7: bentazone; 8: triclopyr; 9: mecoprop; 10:
iprodione; 11: bensulide; 12: pencycuron

O, BHBEFIEIDK 10 ml 12 50 pg RN LAZHEZ 5 Wieh T ARL vF U 7R, T ANOEBERREAT
DR UIE Lo BEEREO SECERL, Table  HEE R KERRG OB REEIEEE 2D, M)
QISR LD, 07~21pg/ml ThHoiz. Fiz, SHHEY.  KEFHET S5 T00 W OEAZTREE Lz, LAt
L7eh TG B AL v F v IETHER L7V 25 41, @ o TARBIFETHE U720 T, TER O ME 7 iR A
K% 50 BIREOWE TIEANITHE LI L7205, 4 FoORLEzLEE Ly, B#REEKT OME R EH
DYAFATIET VAT LOEETIEN RV ES, i OFWELLTEMNTHLEEZLND.
MARFORBBEEACEWIC L DHERBEZONL D, 50

BREETT ¢ b= R U MICE DR AT 72, A oF VIS x ®
BMLCRASEMER L7 ESTESIAREA L VLETH S 1) BET, BBEITHERE 16 5 (19934 3 A 8 H).
SE, 4 F ACEROREES T, FHMER TR 2) ffffg’ﬁﬁ@%ﬁﬁi‘“’ BUKLE 77 % (1990 4 5
AY =N LYTHENESEMS LT, ZRLIZWEN 8) BUFTK IR AR EEHAL UK 4 1095 (1991 4F
WEETHorz., 7 H 30 H). ‘ 7 ]

Db, RBFRIEBGCIE, B4 4 v AR oM 2 49f?iﬁ%ﬁéﬁﬁﬁﬂgﬁmi%umﬁ(wwﬁ
v, RBEHEHET T %I & T LC/ESIMS & w7z 12 5)F¢%$ﬁ*¢ﬁmL% B, B 960
TS O - FHONER TR L. BT LA 5 A% N % (1999 46 3 29 H).
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= B

kg, BEEO-FMEE LTREZ O M T 7 4 —/KEJEA A+ AL-ZEBSH (LC/MS) &
ZREL, BERMERERLEOZ-OORESRELZ RE L. ODS 7T 4% A7 84 ERD LC 54
T1) LC/MS THEATRLBEMSLME, 2 1, B4+ YABNESRN, 3) 7542, vF v FEEDOR
HEIfTo7. TOMKRE, L bax7L— (BSD HEAV, BEIHIZ 0.1% BEB/KBHREZ A VE, &
AF VEBHEEICEY), FFIUEIZ T FVF ) VIIERLTHELED, S0/ WEEDT 12
FEOBREO—FINELEREL.. BREITLAAL v F VP ERFHTL I LI DV EBERERY 5 A
AL, REFOBEWE L EER, HHORBREREESHAEY 54 THlEL ESIETREZT-72.
JIZK 10 ml 2 BEEFE 100 K U 1000 pg @M1 L% 5 N7z BT L 83.4~ 109.4% T, #VEL OFBME
“(n=5) FHNIERREETI13~71% TH oz, Tz, EERNAHOERRFED 3SETEHRL-RTE
FU0.7~21pg/ml Th oz, LLEDI LI OREDHEDBEBOSIIEME R DRI MEZLEE L
TWBRD CHECHREOBWHETH LI 2 EETHI ENTE .
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