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Abstract

Solid—phase extraction/HPLC method had been commonly used for the determination of diquat as a herbicide in tap water. Though the con-

centration of diquat in the drinking water was can be quantitatively determined down to only 1/5 of the target value adopted in water quality

management (0.005 mg/L). However, simple and quick measurement was achieved by injecting a 500 uL—volume of sample solution onto a

HPLC column instead of the solid—phase extraction commonly used for diquat analysis. The signal-to—noise ratio for concentration at 50 ng/

L of the target value was 10 or greater, with the repeatability with 6.7% as RSD, and the sensitivity and repeatability were both satisfactory. In

spike recovery tests using mineral water and tap water, the recovery was almost 100% for a diquat at a concentration of 0.0005 mg/L.

Keywords:

Diquat, Solid—phase extraction, HPLC, Large—Volume Injection Sample Water analysis

1. 5
A R & AR B 2 & CRER & LT ST
WwW5rYr77y b (1,Il-ZF L r-2,22-¥¥Y V= h T
THI N, Mw:344.05) &, T a— M EOREGEA L L
THFRENT WS, Y77y MIAARTRIMHENS WEE
DOEDTH Y. 20084E DLW Y ?JFHj?EJJEF'Hj%UF;
(Pollutant Release and Transfer Register: PRTR) 7 — % [1]iZ
B &L 1TAERMNC230t H F ) ASERBEHICHEIR S iz & AR %)
LNTW5E, HARIIBIT ZKEKDOKEEHRHEREHE D
)5 BEE (1021HH) 3K REICHE S N-HEMD1/100

OAREE D S HEE T TRET 5 2 EARDLNT WD, L

7eho T V7 Ty MIKEERHHEMA0.005mg/L Th S
o, AT E LT B 2 iR B P 120, 00005mg/L~
0.005mg/L Td %o HAE. MAFERICIT, BARL) &L
TRENT VS EHHHE—HPLC #: (SPE-HPLC %) T3
A EE TL00R5 1M L TR Z R W TW A IZD b
59, ZE FRMEOHRZ L L TOREN TV AT O
JEE LTC0.00lmg/lL THbo Y77y MBlHEDL R
THHIZOMDbLT, MIDEHIHF Y FE SN2 VOIL
FWHAEDOER TRMESEV EA—REZ L 5N 5,

EE FRMECOFBRMPRIF TV LS REDM I
ZHME LT, KHAKFORBEDOGHIZY ¥ 7 IVIMER LC

R i A A 28T
T235-0012 AT X EEH1-2-17
Tel: 045-754-9811
Fax: 045-754-2210
E-mail: yu00-kikkawa@city.yokohama.jp

-191-



-MS (BSD % #H L7-B24kiE ST 53], HHEICIE
HILIC 77 7 A& v, BEMHICIZT M= MYV EFBT »
EFEoTAEHO, A+ U RTHEZHNTW R, TORHED
B T BRAE 0. 025mg/L TREEEIZT47 & 13V R v, BRIED
HRAMEEORREICE b o T, MIEIC MS/MS %
HAwizmomdbmEshTnid, §—FAf+ A7 —1+Y
7V I E A LC-MS/MS #E[4]1 OBt T BRAE 20, 0003mg/L, 71
1T RE R LC-MS £ [4]TU30. 0034mg/L T Y. 5 % IKE
PELNR WV,

EOBKEN e & HITHAAFEERELT, YTy
ORI EHT 572012, BAHME S 5 408
R B HIAIE3,5,61% At 3 2 A b FElli S /A%, [E A
W Ex A bES 2 & T W ORE L L T0.00005
mg/L DIBFEZ ERTE 72D, on-line SPE-LC-MS/MS #:
[4]8 £ U° SPE-LC-MS 31O AR TH o 720 WL H500851C
WHTHIENST M) Yy 7 AWTOEBELBIT ST, T
7R LMW e ST Ty b-d4 WY
Oy — MEC X2 EREOMIEV LI L SNTWVWE, WIh
28 X AR EAYEMECH ) B SRR ET 2 L
SHEOMEICHHT A20IEH L. ZDkn, EEGEE
R RKE M EATRIE T 5 KBEKE R ERGT &6 TR
EOYEHIFHE STV 5,

—h. Y77y bEEGEGE W ARRLIERYEIK 4
ENDORAI L BIIROBIATDN S AT, AW, 1N
W RO A LRI DEOREDOYEI R Do ZDI20D
WRHEM 2 B S 2 HE L2 FAHImIB RS X A0
WM I N TV D[, L2L, IS 0BREICHY
LN2Y 7Ty POREIZ2mg/L[7ITH Y. KERBEAELZ
KD LN TV B WREHPE (0.00005mg/L~0.005mg/L) &
L 3IHTHRENE DT, TNSDOTEEEZD T THIMAR
FISHT B2 L L. S ofl, Mgz & oMW S
VI OB EEDLORA AT LR
HwbiTwa,

SRR O BRI T S 12 B R OBk 2 &
Db HIRSORGERZDOTELRANTHLLEZOND, L
72Ty HNVKTT U, ANNY I, AV IO EEKRE
TiZ. FEAHHE 2 512558 L 72 30E500ul % HPLC-
RAMA T ACEBEAT L HFEPRENTVRS[2, V7
7 v MRA T LC/ESI-MS ~EUR200ul 2 EHEEAT 5
E91TIE, #5 AI120DS &y, BEHB X OEEHZIE MS
BB L B TEBAF v R_RTHE LT/ F 70 F i
% (NFPA) 2R M L CTWwWbd, TOHFEOKRM TR
0.0002mg/L. TIEEEIX T4 L 13w 2 v,

ZFIZT. Y277y bE0.00005mg/LIBE T CTRELL, X
DA CEBICHlET A 2 k2 BRI, WAk LTREh
T3 EAEAH-HPLC o AR /E2 A L CRE =
AEZEEHPLCICE AT 2 2 Mg Lo THET
%

-192 -

CHROMATOGRAPHY, Vol.33 No.3 (2012)

2. FEH
2.1 I

77y MEERIIADGHMER Y 77 PP T E I F—K
AP G2 L, 1-XU F Y ANK VBT MY 7 A
ADGHER A F v ra~ v 7S 7E, Y FVT I VA
SRR A . V) VRIS LR IR e e hE
W L7 72 EDTA XL X DA L7

1) Y77y MEEER, BEEEROMRR

DIy MIYITIy vV TRIFELY ST MY 7O
FEBREN, EAEFHEICLLHEMIZTZ 7Y P (Mw
=184) & L CHEHRABETHEINTWVS[10], £Z T,
R ROBY AR L 22 V2 Ty MEEFR (50mg/L)
IR TV L VBAZ TS AW 77 Y T7a
I — 7K 4y B ¥ 4. 92mg % K§ KIS 2 L C50mL & L
Too RIZ. FEHEJEE50mg/L A 50. 2mg/L &, 0. 02mg/L &
WaFHE L7z T2, 0. 2mg/L A ©0. 005mg/L & % I
RAMU THRE L 720 B0, 00005, 0.0001, 0.0002,
0.0005. 0.001lmg/L i¥¥ 27 7 v M EEHEFE 0. 005me/L 2 & 7
L7z F720 0.002mg/L A HIE0. 02mg/L A H FH# L
72

2) BEhHORR

HPLC B EIHIE, 1-XV % Y ANVK Y EEF M) 7 A3.0
g VI FIT I /10mL. VU ¥ 13, 5mL % KB K 12
L. 1L & L7,

3) EDTA A O

EDTA + 2Na (10g) ZAREKIZHED» L. KERILF FY Y
LEH (20g/L) ZEGEMAZ (pH4.6) 100mL & L7,

2.2 #A
RMVET+—F— A (FEE30. FRAHLEIE, §iK) K
RNV Y+ —%—B (B2, k7T VR, iR
K) R L7z RMVREY 5 —% —I3KEKZLREST B
B LT, B, TOC R ENEL D 2f % @I /2o ik
R FEEETAGEK (BE54~62) % 4T (R fs 2L i
ZET. AT AR A SHRK L TRER L 72
FRBE LTI, BHEHHOITAREZ K E T2 HEKNE
RUTE KB 9 FERx A O Bk 8 Bk DMK 9 38 % 20094F 6
H~20094FE 8 HICRAKLTHMA LA, &b, Yav¥rrt
vy —7p & A CKIREL T K E 3% Tl & EEk OBt IN 2 5
B FAT 72T K % R AL B R A |2 CHEAR DRI, IRFRHH

A INAFE O MPLEAE 2 TR E L TRiRM ISR L T
%o
1) EOFR

AR ETEYF I I 70FusF Ly BARBICHRAKL
720 WE 1D LEORBICOWTIZAB L THW .

2) AN

AN ERER FH 720, 0001, 0. 0005, 0.005mg/L (&, #A}
I2Y 7 7 v b EE#E 0. 005mg/L % 20ul. 0. 02mg/L % 25



CHROMATOGRAPHY, Vol.33 No.3 (2012)

uL. 0.2mg/L #25uL ML, @® 1ImL & L2b D% Hw
720

2.3 Y277y ®HPLC GHF

D77y bOSEEGEE BAERNCHE L TREIHICAN
VEVANVEKVEEF NI A, ATAICEEA YTV
WAL ) ATV A T 2 E G, EHTEAEICHE ST
WA EMHMBOBIEE B NTHON Lz 72, MEROTEK
BILORBOBEIZY — 27 HHETIT- 72

1) HPLC

HPLC #¢ i |3 DIONEX £ # UltiMate30003 X 7 & & J w»
7o WEMBEIIXROBEY I HES T YT Y MR T HPG-
3400, % 7 AHIREME TCC-3200, +— M > 7T — WPS-3000
TSL. SST10mm % )L & LT3 L7284 # (UV/VIS)
¥ %% VWD-3400% i\ 720 1 5 A 1213 B B Ak &2 4L 8
Mightysil RP-18PA (5 um. 4.6mm LD., 150mm) % 7% 7 A
MEA0CTH W2, BEMICIF2.1.2) (/R L7zl &
— O % v, FHEL OmL/min THEE L 72 RFERIT
4CICRE LA — M7 —I128H L, 500uL O 7
VIV —FIZ1000uL BED ) ¥ VTG EE i 10uL T
A L7ze UV/VIS ML 20l 5E 9% £ 13313nm & L7z,

2) Bl OEE
WKBEEITR)F PSS 7 vF0LF L o8 BEICHAL
J2ARATTRAAEQREIIRY) 7u L Y BAEFHL .
3) MEHtOVER

B A i % 7 5 (0.00005, 0.0001. 0.0002, 0. 0005,
0.001, 0.002, 0.005mg/L) ML T, ¥'— 7 MEMHEL» 5,
Ao B AR & ) BeE s R L 72,

3. WE
3.1 Y77y MREJROIER

HWAERITIE RSB (0.001~0.04mg/L) IZ&EFN B V7
Ty M EFEMAMHET 5 2 L TIRE 210085 5. — A,
BEHE TR IR A IRIE 2 & 3 I IR MR DR EE IS 37 50. 1~ 4
mg/L D#EIF DOIREDEW A ER LT HPLC I —E®FEAT
B EWEoTWD, 22T, BATE2RHOBERENT
T BEEFS LN PEPERET 5720, AEOEAR
Z500uL ICZEHE L, Y277y OB HEMED1/10012H4 24
3 %0.00005mg/L 2*50.005mg/L F T M THREMZER L
Too ZOER, Y7 Ty MREL Y — 7 HEOMBRE ()
130. 999 % 7R3 BAF % IE#EAE: 57z (Figure 1),

B, REBBOIEKIZDH 72 - Tid200ul &500ul DA
FREILZ2S BohE—2EEEAROBKR, ¥—2
BREEEZZE LT, B2 TRMELZ X DI FEETE 5500
uL & L7z

-

3.2 Y77y MEWOFIMERE
V27 Jy bOBEHEBEMDL/1002H 29 50.00005me/L

-193 -

Yukie Kikkawa, Kayo Horikiri, Hitoshi Maezawa

aas

5
K
3 o
H
LBl i
Bl
t
ad  gp -
3
apg #
Q80 Of0% DO 00f 40l Do

Daped dumip e e reg L

Figure 1. Calibration curve for HPLC analysis of diquat by large—
volume injection method.

Calibration fitting y = 47.781x —0.0003

Linearity diquat concentration (0.00005 mg/L~0.005 mg/L)
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Figure 2. Analysis of diquat solution (0.00005 mg L") by HPLC
with UV absorption detection.
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Table 1. Repeatability (n =5) of recovery estimated from peak area and retention times of diquat in water samples.

Concentration 0.5 ng/L 0.05 ug/L
Results Peak area Retention time Results Peak area Retention time SN
(ug/L) (mAUxmin) (min) (ng/L) (mAUxmin) (min)
Ist 0.5427 0.0259 3.247 0.0501 0.0024 3.247 12.38
2nd 0.5441 0.0260 3.240 0.0434 0.0021 3.240 9.91
3rd 0.5387 0.0257 3.240 0.0429 0.0020 3.247 10.80
4th 0.5299 0.0253 3.240 0.0440 0.0021 3.240 7.77
5th 0.5398 0.0257 3.240 0.0437 0.0021 3.247 11.02
Average 0.539 0.0257 3.241 0.0448 0.0021 3.244 10.4
SD 0.00555 0.000268 0.00313 0.0029794 0.0001517 0.00383 1.70
CV (%) 1.0 1.0 0.10 6.7 7.1 0.12 16.4

Table 2. Recovery of diquat in spiked untreated and treated water samples from some water

treatment plants sourced from underground water.

Direct injection Recovery (%)

Diquat concentration (ug/L)

Plant 5.0 0.5 0.1 0.5+EDTA
1 Untreated water 1° 51.8 42.2 58.5 47.3
Treated water 1 91.5 119.9 65.2 98.2
2 Untreated water 2* 86.6 74.0 75.6 89.7
Treated water 2 96.5 102.6 98.2 101.0
3 Untreated water 3 96.4 105.7 89.0 101.5
Treated water 3 95.8 101.4 106.6 98.9
4 Untreated water 4 98.6 100.4 70.4 103.7
Treated water 4 97.4 124.3 84.1 106.8
5 Untreated water 5 93.1 105.7 81.6 103.0
Treated water 5 98.6 103.5 85.8 101.8
6 Untreated water 6 97.7 112.6 36.4 109.2
Treated water 6 96.6 113.6 33.0 101.7
7 Untreated water 7 96.7 111.3 103.1 101.9
Treated water 7 97.6 110.4 101.6 98.6
8  Untreated water 8 - - - -
Treated water 8 - 86.2 924 84.4
9 Untreated water 9 - 96.4 103.4 954
Treated water 9 - 92.0 90.7 94.3
Sample injection volume (uL) 200 500 500 500

a. After chlorination
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Table 3. Recovery of diquat in spiked samples.

Recovery (%)

Concentration (ug/L) 5.0 0.5 0.1 0.5+EDTA
Mineral water A 101.1 103.2 98.4 102.3
Mineral water B 103.7 99.3 94.5 103.0
Tap water 100.5 99.4 77.4 97.8
Tap water + ascorbic acid 104.8 104.9 86.8 103.4

Table 4. Quality of the spring water samples before and after chlorination at some water treating plants.

Plant  Items . Free
Total residue on . . .
. Turbidity Hardness Sodium available pH TOC
evaporation .
chlorine
Unit mg/L mg/L mg/L mg/L mg/L
1 Untreated water 1* 312 0.9 93 71.3 =6.0 7.0 4.38
Treated water 1 26 0.2 0.13 17.8 0.7 7.5 0.32
2 Untreated water 2° 243 0.6 88 32.9 0.7 7.4 1.14
Treated water 2 214 0.2 89 32.3 1.0 7.5 0.50
3 Untreated water 3 226 <0.1 160 9.4 <0.05 7.8 0.57
Treated water 3 229 <0.1 160 9.9 0.7 7.9 0.52
4 Untreated water 4 161 <0.1 83 8.9 <0.05 7.4 0.63
Treated water 4 166 <0.1 83 12.6 0.7 7.5 0.63
5 Untreated water 5 148 <0.1 80 7.8 - 7.6 0.34
Treated water 5 146 <0.1 80 9.8 0.6 7.6 0.31
6 Untreated water 6 158 <0.1 84 8.7 <0.05 8.0 0.34
Treated water 6 155 <0.1 84 94 0.4 8.0 0.35
7 Untreated water 7 131 <0.1 70 9.7 <0.05 7.9 0.42
Treated water 7 162 <0.1 70 18.4 0.7 7.8 0.41
8 Untreated water 8 - - - - - - -
Treated water 8 177 <0.1 92 11.3 0.5 7.6 0.47
9 Untreated water 9 142 <0.1 66 11.3 <0.05 8.2 0.39
Treated water 9 159 <0.1 66 144 0.7 8.0 0.38

a. After chlorination
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