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RER G ERAL AN E AL 5 RN A M 1
BT OT LT 57 ¢ — /HEHTEI & 5K EH S

U7y NDESE

B AT, Lk ER, B ORER

KBEEFT 77y POBKEMEERBA I O TS5 74—/ L7 ba X T L —A F AL/ BB
% (HILIC/ESI/MS) 2k AEBEE ML, KEEHEERERE OKEKR) L LTORBMES pg/L O
1/100 DiREZERNRRE Lz, ¥ 277y bds ZIRIML7Z2KEB 2 550G 4 4 35H & S5 B O RFFiEE
FOEFOEMIHEAL, 4% M) T NVFUFEBREA T L b= MYV - 227 a8 — )b (60:40) RIETHE

W BZE L, BEMEGRE TEM, HILIC/ESI/MS /ATt L 7.

BEMBEIZ 7= YV 10 mM ¥

7 vE=7 25 (pH3.7)=50:50 T, ESIIEA * Y E—FT, m/2183, m/z184, m/z167 (¥ 27T ),
m/z 186 (Y77 v bdy) THEIEL7Z. 0.05, 0.5, 5 ug/L &R LMK, KEKECHNKIZBTEY
777 bOBEIL 88~105% TH Y, BRI 1.7~16% Tholz. RKEEZHWT 22 B 254 L7
R, 13 GERHFEK) 25 28ug/LOY 277y b En..

1 ¥

YUy b (LI-=FL 228 VoA =YT0
I F, CASH5 85-00-7) X4, JKMH, AR, EEEiL e
THEASNTWSIEEREEMERSERTHE. HKRT
i, HROEHENZVWEED—DOTHY), 2004 EFED
PRTR 7 — % —"Cix, BEP~OPEHEIIH 230 b T
bol:. TOMEAELHEN (1 HFEFEMNE: 0.0019
mg/kg/day) %5, 2004 4F 4 § 1 BAS THiAT S N7zKE
KEREEOYEIZHE Y, KEEEERRERE O R
101V ATy TEN, Y27y hOBEMEE LT
5ug/LAED L7z, [FEHCHEIOFME LS LT, &
HEN-REOREL ZDOREDBEMTH LAMEDRM
(BHRERE) 25128220235 [HEaEhR
PEASH, FREILICRESNZBEMHED 1/100 D
BEAERTAIEFLETI L L SN Lal, E4%
BEVRLIZY 7Ty S OSHHEEEMEH - gk o
~ bTT 74— /R I E (Le/uY) ThY, F
DEETRMIE 1ug/LY TH b0, BEMED 1/100 D
BEACEBETLIENTELRW, 22T, BEERIN
BtHA—T )y VROGH AT 2% HW, LC/TL 7 b
ATV =44 4k (ES) /BESHE MS) 12X 5 EEE
L& E L7z,

il

VIR REREAEIgE e ¥ — . 652-0082 LR EME T
S X A HAT 2-1-29

VoI MIWRT Ry A FERFo TV B EIEENE
WETHY, KEBERTT2MioRA 4>y kb0, K
AL OMMBER PGB TRIPLETH Y, kel
FEPHRESNTE .

EAHMMEEE LTI, CFa4 22979, 239y 379
GV, CORUERY VARV EL I DH— ) v I8
HueohTaz, ZomBRRIZBNT, BHOEETR
IZRLY 2Ty G TN M) v 2 R EDOBIIHERE
MWERHPELZY, Y279 ST v R
NEET B OIEIIERSMET$ 5. AETIE, oMb
BRZEEILVICANDEBEREFAE YV MESNT
Wb, Frz, HEROBEAMBETOYY IBWTIRIZE A
EXREARET VA VML L, EHICRESELHETH
ofz. oL, YTy N7 VA ET OB LEEE
E27:0, BE»SFECEMMIT 22 EET L
V. A, G5REA A VIR E SR ORI S b
DHLWEMS— MY v IV TH5DH WCX (Waters ) DiE
BaERAT. WCKX BBKED Y VXU ¥ v b #kE
DNEZWEO) FUaBEEFIRLRY v—IZhVERF
INVHEEBALZLD (pK,4.8) THbB. INVKF IV
#1d pH 6.8 LLET 100% f##EL, pH 2.8 DUF T 100% %
BEDSHIHI S B, Lzdio T, Y277y b (pK, 10) &
D REIR T WCX ICRFFE N, pH 2.8 DUF THEM A
THETH B, F72, AERPOBIFEEBIEDO< L F A
Fx¥—TUHA MEFKELLY Ty MHMHSEICE DR
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Table 1 Operating conditions of LC/MS

LC separation
Instrument
Analytical column

Agilent 1100 series
Atlantis HILIC silica (2.1 X 150 mm, 3
um)

Guard column Atlantis HILIG silica (2.1 X 10 mm, 3 pm)

Mobile phase A acetonitrile
B: 10 mM ammonium formate (pH 3.7)
A:B=50:50
Flow rate 0.2 mL min~"
Column temp. 30C
Injection volume 10 uLL
MS detection
Instrument Finnigan AQA
Tonization mode ESI, positive mode
Probe temp. 200
Probe voltege 3.5 kV
Skimmer cone voltage 20V

Monitor ion Diquat: m/z 183, 184, 157

Diquat-ds: m/z 186

Bahn, BEORLSWETHS. B2, v ) v 7R
OEBEWIEL, BIF2EIEERAS 200, BERMAE
E#bEw (Y277 bd) ZHOAEYTS— FE %
BHL.
LCIZBUA5EIZEI U A7, %, G¥7" Rt
Cis"" AT ADHVLN, BEMHICERY S Y ANKY
B R ARANT T T NF OB ED A4 F v RTHID
wMEhTwz, g EREEETH 5D T LC/ESI/MS
FICEE LY, U THoTLA L Y RTHDESI TD
A& MR GETHHRERSH L. T2, D77y MM
WABN DM O V57 4 =T, KREHOTH
WEBEIHASLEE 2D, ESI/MSEDA F MUIZBWTE
WEESBIZ W, B, SEEYEOSEBY B E L
BKEMESEH 79~ b5 7 4 — (Hidrophilic interac-
tion chromatography, HILIC) ™" ##iE s h w3,
HILIC M7 u<x s 75 74 —O—FTH Y, #HED
T ATHRETELVEBELEYE A 4 Y X7 HI % LI
BTAZ LU THbH. £2°T, HILICE V2 T v b
DFFICEE L7

I oOEMMH - LCHEEERUVE 74+ PYAF
—F7Lv4 (PDA)YY”, MSPO® BRUFMS/MS"? 7 &0
MEELHAGDINGHINT WS, BEAEFEEIRL
724789 B UF USEPA method” 12 UV X3 PDA Z i T
5. DEo@HEoRc, BEASHEICLIIRDLNTVS
Vv hOBEMES5ug/L O 1/100 OEE & ER TR
DX, MS/MS % 72 Nunez 57 OHMEDATH o
7z.

4AE, WCX &2 7y bdy v, HILIC/ESI/MS
FEMAELELILICLY, Y7y FEARBES TR
2 BUNECHT 5 2 &I R o 7.
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2 5 B

2.1 & E

2EALY 7Ty b 1KY CROGHESE B SR
99%) KU 28T 7 7 v F-dy (CDN Isotopes #, 98%)
N ENAIKICER LT 1000 mg/L DR B % 313
L7z, BRERHEZMAKTHRL, 100 mg/L KT 10 mg/L
OREREEBEWE L 72, ok, BHBRFEL, LB
CTHEAMAKTHERLTCHW, T F= YL, 2270
%7 —=)v, bUTNVAOREBR (TFA) (3 BRALSA SR
worux b7 7R%, FBECFBT V€= L3NG
AR BT & 72,

2.2 HEK

3.3 R U¥3-4-1 THW2IKEKIZ L i I A7 e SR B R 2
Wget v & -0k Ly, WIKIEME T EEX OB
MEDIARLE, 342 CTHOWAZBEKIZLEEERETO 14 #1
FMOEK GRS, #EK1, #HAKe, EIFFTK)
T, 200646 H 20 HIZWAK L7z DTH5B. D LoORE
KiIZV 2Oy bEEELWI EEBHAL, EBRICHW .
35 THWHEIKIZ, EEERTOREK 12 FER UK
HEEK 30 BB GAJIK 14, #BEK 5, EHEK, EH
A2 T, 2006410 B 17 A Xk 11 A 15 HIZHAKL
72bDOTHD. ABKD pHIE 6.7~77 ThH o7z, Kl
KICIBEEEREOHWTT A NVEYBF I 72 %
10mg/L &7 5 X HiRmL 7.

2-3 KERVHER

LC/MS ¥1i8 & LC #B2° Agilent # HP1100 (PDA Hili
#rft &), MS#B4% Thermo Quest D Finnigan AQA THE
BENT=DDER V. 5 H T 51 Waters # Adantis
HILIC silica (2.1 X 150 mm, $um) RKOH— FH J 4
(21X 10 mm, 3um) ZHW7, EHI— MY v Ik
Waters #  Oasis WCX Plus (FEHEAIE 225 mg) %, E4H
25 {8 13 Varian B VAC ELUT SPS24 2 i/, £ 72,
Ty VEFTRACWET B0, BRKEHRCERE
BiERY) 7oL y8 IR 5L o EERERO D
D% e,

2-4 BIESRMH

HIESM% Table 1R T. LCICBIF 2 BEMILT &
F=bFUL:10mM X¥EET7 Y E=Y A (pHS.7) = 50: 50
DTFAVTTT 4y 27T, 02mL/min TEWEL. &
S ARER 30T, HAREIZ10uL, 313 nm (PDA) Tl
EL7. MSIZESIEYF 4 7E—-RFTAF V1L, Tu—
T 200C, YU —T7EE 35KV, A¥v—a— VB
20V, BIRAF VEZS ) X744 m/2183, m/z 184,
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Fig. 1 HILIC/ESI/MS spectrum of diquat

The spectrum was taken at skimmer cone voltage of
20V.

m/z 157 (Y2779 ), m/z2186 (¥ 277 v bdy) &L
7z,

2:5 TEEBE

2:5-1 HAMBROAH WCX%7EF=bYIL5
mL, #iARKSmLTIYyF4a=rZ L7z, BBKs50
mL % WCX FEICEESE L2 F—N=IZEX Y7 T b
di 025ug ZEML, WBNT L YR 5 mL/min PLF T
WAL, MEOREIIWCX OTHICEELLLVTY —2
v 7 HWTIT o7z, BAKTH, HK 10 mL TWeX
WL, 30 0BT AIEICEID AT AHNDKSE
BREL, 4 TFA 7= bYW - 2708 ) — )L
(60 :40) {RIE 4 mL % @KEE & J51A17 &8 L Tl
L7z, BB EZERK[IMT 40C THET S T TEMmL,
A% 100 uL OB BB E CHEME, 045 um D7 4 )L
& — (Millipore # MillexFH) TF#BL7Zzb0%, + 7
WINATWAZHRY) TOEL YA Y% — b (Agilent #, 100
uL) 233 L2 b OIS EA L LC/MS r izt L7z, L,
—H#BDEERT PDA (813 nm) DA THEL BTV 2
7w bdy BWIET, RREE FBRICERMEL .

2:5°2 REIR T2/ 7v bd % 25mg/L OREL
BEDITEMULAY 2Ty MEREBEE L 25 ug/L 55
2.5 mg/L DHFATHREMEHCCRHELZ. Y277 b
LT BT Ty bOY -y EBD SWERE R
L7-.

Ak, LK, TR BRERMGCMERMCAY % B EAME/HILIC/MS 12X B KREBH Y270y hoER 581

3 RRLEH

3+1 LC/MS &0

3°1-1 HILIC B EWE A+ O RTH R LIS
REFTHENWARTHLHILICH T AR T 7Ty D
SHICER L7z, HILICA F A% HwW/izYys0y bogy
gl & L T Young SN0MENH HH, BEIEIZT LN
ZMPUNE20mM FEET VEZ T AEHWTWS, L
2L, ESI/MS AT BV Tid, BERIA 4 o AbrhzIC
HEBERIIT-OMEE 10 M BRE) ToOMANE
WL XNTWE, /2, BT LEGELER LSS
HEREEZI~10mMPE ENTW5E, £2T, 7k b=
FUNV 10 mM FBT Y E=Y A (pHS.7) =50:50 DT
AVrSF4yrERHERALLEZA, EERHETI4SD
Y77y VORGP BEB SN/, L 2AW, F
DHBDOEBRIZBNTI 77 v MEIMEAD 5 OFBER T
FEHEERICHARRFRRIE 22 EMRD 5N, K
KOBHDOENZL 5T, 1 FEREOEEGNDH L Z L)
Shprol., FZT, FMBTVEZTLADORBESR 25, 50 &
P100mM &ELTHBLLZEZS, BEOLERIZONRT
BRHE R & FOK 2 6 O BB B O RFERMIZE IV,
Young STRBEMHICT P PV E 250 mM FET v
Eo Az, HICEERHKEE LTI NI v I AR ¥
F—FKEHOWTWEZ, ZOZERS, KIFATY Ty
MRS A%, REERPOT M) v I AOEEER S
FR5 L, EREERECTERET 57203 EIRE OBER
BULELrTLEZEZ LN, A, EELIE, YTy
bds WS Z LT, RFIFHMOMERAITABBR T LI
TETHLDT, A4+ MEREL I T LAFGTHEILSE,
10mM FEE7 VB A Fnbs I L& L.

3:1-2 A—YBEELEECF> NYARANRYT VD
HHMEHEL720, 10mg/LOY 7Ty MEEBERTY
779 Fd IZDWT LC/ESI/MS A% ¥ »E— FTAF
Y —3—VEEZ 10, 20, 30, 40, 50 L 60V D 6 B
BECH#H L. AF~S—a—-VEE0VIIBIIEY 2T
v PO AANRY V% Fig. 1I1ZRT. Y77y FTi
M-H'] D m/2 183 b o &b+ VENEL, X
W, M7 D m/z 184 THotz. AF¥~v—a—VEIL
A0V BT 40V DIGA AR RENE BRI N2 m/2
157 1 [M*'-H"- GH,] & 285 YL (M -H-CN] T
HHETHMEDD LA, MS/MSEIZBIFAL Ty o
M FLELTHHENRTVEYY, Yy gy bd, Tl
M -D"] D m/z 186 25 b 4 + VRENE o7, 2
NOLOFERIB\BEOHRE ™ L LKL Tw Uk
DTENL, EZF—AF V% m/2183 (V7T v bDE
), m/z 184 L m/2 157 (P 7T v NOREZR) R m/z
186 (Y77 bdy) &L T2, m/2 183 K m/z
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186 DA 4 VHEENRDBLo7220VE ATV —
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32 RER
D77y bda® 25 mg/LOBEL R D EHITHRIML
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Fig. 2 Chromatogram of diquat at m/z 183

The chromatogram was obtained from a standard solu-
tion (25 ug L71).
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DEEE (n=38) THH L7, Fig. 21225 ug/LIZBIT 2
m/z 183 DXAZ AR NG ALZRY., Y FN - AR
i 15 THY, ZOBEIE, DaigEEorms L1 4
YRTHEEHWRSEAZ O 75 7 4 —/ESI/MS #3:7
BT AREOR 3B TH o7z, BEKE 500 fFEMHT

NTEBEMES ug/L D 1/100 2 T EETE A EETH -
2. VT VEEE oW, VT b T EYS
7y POY—JHEELLE y BTy b LRROERMER
r=0.9997 LEWICRIFTH o7z, Y70y MNEEEYS
Ty NOWRBBEOEBRED r=0.9996 & RIFTH o 7295,
FIREIIBT 5 R OEEBRE (CV) 2827~12% T
HoleDIZR, YTy POEBEMED CVIE3.9~14%
ThY, V29 bdi BHWBHBZET, F=FDIELD
EE RN

3-3 EfD S OBRHBE

WCX 2> b DE B EOBIBE R A RBEOREGEHE
WOWTKRE L7z, FHERICBWT, BRI, BEE
TIE 5% FB<2% TFA< 4% TFA = 10% TFA QA 7*
LN, BRBEHETE =) VOAREIDD T M=
POk 2Tun) —VERELIZDDODHIBEEFTH
EZT, 4% TFAREICBIT B 7 b= M) Wit
952702 - VOEEE, 0, 20, 40, 60% KU

-7z,

Table 2 Recovery of diquat added to water samples

Distilled water

Tap water River water

Concentration Calibration curve R. % (v, %) R, % (CV, %) R, % (CV, %)
5ug L™ A 96 (1.7) 7 (8.4) 96 (4.4)
B 91 (3.4) 7 (5.2) 0 (13)
0.5ug L™ A 98 (6.1) 2 (2.7) 98 (11)
B 85 (2.7) 5 (4.7) 57 (1.2)
0.05ug L™ A 105 (11) 101 (13) 88 (6.7)
B 84 (7.6) 90 (12) 49 (7.0

R: recovery; CV: coefficient of variation; n =
standard method based on the peak area of diquat

3; A: Surrogate method based on the peak area ratio (diquat/diquat-ds); B: External

Table 3 Correration coefficients between recovery of diquat and quality of water samples

Items Unit min - max 7 Regression equation
Recovery % 35 - 87 — —
Total residue on evaporation mg L™ 59.6 - 231.9 0.8550° y=—0.224x + 91.5
Hardness mg L™ 11.3-76.9 0.6971" 3= —0.461x + 84.1
Sodium mg L™ 2.9-215 0.6263" y=—138x+815
Chloride ion mg o 5.3-36.7 0.4944 y=—0.774x + 77.3
KMnO. consumption mg L™} 0.8-5.9 0.3817 y=—330x t 738
Free carbonate mg L™ 1.5-14.6 0.3571 y=—1.15x + 73.6
Total organic carbon mg L™ 0.1-3.3 0.3228 } = —4.65x + 71.1
Nitrogen (NO9&NOs) mgL™! 0.01-3.06 0.3100 = —5.04x + 73.2
Fluorine mg L™ 0.04-0.56 0.2929 = —245x + 70.6
Suspended solids mg L™ 0.00 - 8.66 0.1688 ) =—0.718x + 68.9
a), b), ¢): Significant level (p <0.05, p<0.01, p<0.001; n = 14); y: Recovery; x: Quality of water
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Fig. 3 Scatter diagrams of total residue on evapora-
tion, hardness, and sodium with recovery of diquat

The correlation coefficients were significant as shown
in Table 3.

80% & L, BUREZ LB L7z, 50 mL OFIKIZ 0.25 ug
OY 7Ty MERML, 2:512R L72J%E T HPLG/PDA
(813 nm) THH L7z, ZORE, -7 w8/ — LVoHE&
0, 20, 40, 60% KU 80% 2B B Y2 7y b DEILE
XZENEN 47, 59, 60, 55% KU 54% THolz. ®&d
EER D E D o 72 2-7 078 ) — IV DEE 40% T D HIER
12 60% EARA o 7oA, MARNOFEMERTIE 90% L1
DEREFBLNT V2D T, 4% TFATE M=)V -
-7 TN =) (60:40) ZEMAEHE L7,

g, L, BAE . RERMAEERCEYE v 2 BRI/ HILIC/MS W L 2K HY 7 7 v FOER 583

3.4 [EIUNE
3+4-1 HRINENIRE WK, AKEAR RO INKS 50

mLiZY 277y b 0.05, 05, KOb5ug/LE&%b LI
W, Y77y bd R bug/LERDIIITHML, &3
WAKZ A LIENEZ RO 72 (Table 2). Y77 v bdy
Wiz & AN, KT 96~ 105%, AKEKT 92~
101%, %7z, WIIKT88~98% THh-o7-. HIEHED
1/100 B TH 5 0.05 ug/LICBIT 5 CV L 6.7~15%
&, EEFHEIFROLBE (EETREMNED CV 20%
P Z#izLTwi, $72, SRS X 5 ENNERI
MK T 84~91%, KEKT 85~90%, FNIAKT 49~
60% THY, VrTv bdHHANHEIEIZL ST, KE
EEOFEAKICB T HWEMEBHIE SN, BEFREIRLE
BRHZEBHRSLI ENGh T

342 BAREKICHETZEURE  EMMmHGICE
WCANY T AAF V5D 24+ VHWET ST LY,
DTy NBKFOT I VYRR EORTIIRET E"Z
EDMESNTEY, Zh, FHREEEIC L 2 EKICE
FAHEBNEOEND—DEEZ LN/, £2T, RER
TOUEHOFEKIC ug/LELRB LIV 7Ty bE
wINL, AhEpiEsedic X 2 FINER L 10 FEE O KB K5
(RIEVRRY, R, F MU v LA, Btwa 4y, B
AUBAY T AEE R, EEEREE SFRKE, HEREe
FROEMREER, 7y K, FEYE LoMMMERE
Mt L7z, 14FEOFEKRFY 77y ORI 35~
87% TH -7z, BIEE y #ICKEBRTIRE % « &
o 72EE O R HBIAR L E Table 3 12779, [EITER
ERBOMMDRD SN 0EEBEEREY (p<0.001),
WE (p<0.01), REF P T L (p<0.05) Thoe.
INS STHBEORERGOWREEL T 77y FRIREDH
AEZ Fig. 312RT. 10 HEOKERD TN TIZBNT
HEROEERIETHY, ThEOKERFDEED LR
BHEEEZ MO TRINEOER TN BET LI RS Rh
T2 Fz, WREWE (SS) NOWEOBENTH SN
2%, SEOFEERTIZSS LRIEICHEEOMHBIEE DO
b oz, HBSH™iE log Kow 238 KA EEDME - B3R
R TIRWENOSRESIHVEHREL TS, Y77
v b O log Kow i& —4.6, KEMEEIE 700 g/L TH5B'YZ
Eh s, RFIRYE~OFEFIIE /D SS & BRI
EEOHEIZEO N o/ EZ 5.

F, 14BEKROY 77y bdy V2T — MEIZ
L BENEIL 90~ 107% L BIEFTH Y, REIFHA RE
KIEHTTRETH B Z LWL E 572,

35 KAMANOEA
ARHTE R FEAEHIEA L7z, SHEIET OKEK 12 3
I UOKEIEIK 30 3B 2 4 L 72k 2k, 13UE GRHFFP
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Fig. 4 An example of detection of diquat in a water
sample by the HILIC/ESI/MS method

The concentration of diquat in the water sample was
2.8 ug L™'. The concentration of standard solution
was 2.5 mg L™, and this concentration corresponds to
5.0 ug L™'in water. The water sample was a raw water
from shallow well. The scale of y axis of m/z 157 is 30
times the scale of m/z 183, m/z 184, and m/z 186.

FK) 205 28ug/LOY 277y MM ENT2. Fig. 4
IZHABER R O EERR ORPIBEL LTh5.0ug/L) @
RAZUR MTILAERY. ARBEWIIBWYT m/z 184
DE—I7HPROLN, TEEITEHE m/2 157OE—7
LEOOLON, BEBABRIIBITAE -2 LI HBLTY
7o, COREIIKEKIZBIT S BEE 5 ug/L @ 0.56 123
YT 25DTHAH. ERXEDL ORI ALV OBEEE
KA BERK 8.10 pg/L O|E™, FREO LR S
0.05~0.08 mg/L DIRE® 03B 225, 12D %VoOBIR
Thb.

4 FE =

Wk, KREITOGHIPRBETH 72027 7y PiTD
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WT, Y277y bdy v, WCX I X BB
HILIC/ESI/MS D52 it L, HKBE T CREF
RENEETHN CTE 2 HEa T Lz, R, KEE
BHERCEBL LTOBEMD 1/100 D#EE (0.05
pug/L) ZEETAHIENTE, KEFKKETKEKD D
PICERTRTH LI ENELE 2o

X 73
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Determination of Diquat in Water Samples by
Hydrophilic Interaction Chromatography/Electrospray Ionization/
Mass Spectrometry Coupled with Solid-Phase Extraction
Using a Stable Isotope Labeled Compound

Nobuko MakiHaTA", Tomio YaMasakt' and Jirou EiHo'

" Hyogo Prefectural Institute of Public Health and Environmental Sciences, 2-1-29, Arata-cho, Hyogo-ku,
Kobe-shi, Hyogo 652-0032

(Received 8 February 2007, Accepted 20 April 2007)

A target value for diquat residues in tap water is set at 5 lg/L in Japan. We succeeded in the
quantitative analysis of diquat in water samples at 1/100 of the target value by hydrophilic inter-
action chromatography/electrospray ionization/mass spectrometry (HILIC/ESI/MS). For
solid-phase extraction we used a new mixed-mode cartridge comprising a weak cation exchange
and reversed-phase retention. A 50 mL of water sample spiked diquat-ds was passed through
the cartridge. Diquat was eluted with 4 mL of acetnitorile and 2-propanol (60 : 40) containing
4% trifluoroacetic acid. The elute was evaporated to dryness at 40C under nitrogen gas. The
test sample was dissolved in 100 uL of the mobile phase for analysis by HILIC/ESI/MS. The
mobile phase consisted of acetonitrile and 10 mM ammonium formate (pH 3.7)=50:50. In
the ESI positive-ion mode, m/z 183, m/z 184, and m/z 157 were measured for diquat, and m/z
186 for diquat-ds. The recovery rates at concentrations of 0.05, 0.5, and 5 [g/L in distilled
water, tap water, and river water were 88 ~105%, and the CV values were 1.7~15%. The con-
centrations of diquat in water were determined using the proposed method. These were 12 tap
water samples and 30 raw water samples (river, 14; lake, 5; shallow well, 9; deep well, 2) collect-
ed from Hyogo prefecture. As a result, diquat was detected in one raw water sample (shallow
well, 2.8 ng/L).

Keywords : diquat; diquat-ds; HILIC/ESI/MS; water sample ; solid phase extraction.
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