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&5 REX BAE{E (mg/D) W& F ik EETRE(me/) | THEHR
1 | Fv54 0.02 EAH i ~ LC—~ MS# (P) 0.0002 20%
2 | y=Y Y (CAT) 0.003 E48H L - GC - MSiE 0.00001 20%
3 |FANRvANT 0.02 EAHHH - GC - MSHE © 0.00002 20%
4 (13-¥z7oa7su~y(D-D) 0.002 PT —~GC~MSiE 0.0001 20%

' . HS - GC - MSi 0.0001 20%
5 |4vEHtFity 0.008 EAHHHE - GC - MSHE 0.00001 20%
6 | y4T7V v 0.005 E 4B A — GC ~ MSiE 0.00002 20%
7 | 7x=}taF* > (MEP) 0.003 EAH i ~ GC - MS#E 0.00001 20%
8 |4vFSusFF+sr IPT) 0.04 E B - GC - MSiE ————0:60001— 20%
9 | 7 oS E=HATPN) 005 EREH = CC=MSHE » 000001 - [ 20%
10 [ZAEFIF 0.05 E4E i - GC - MS# | 0.00001 20%
11 JyZunr#z (DDVP) 0008 - |E4E#HE - GC - MSKE 0.00005 20%
12 V7277407 (BPMC) 0.03 E 483 H - GC - MSE: 0.00001 20%
13 | zonr=Fuo7=¥(CNP) 0.0001 El R - GC - MSHE 0.0001 20%
LR R :
14 {CNP-73 /4 B4l - GC — MSiE 0.0001 20%
15 | 4 7ua~kX (IBP) 0.008 B4R - GC ~ MSEE 0.00005 20%
16 |[EPN 0.006 B8 ~ GC — MSi#E -0.00005 20%
17 | Rvyvy 0.2 ElfR - FEMHL - GC - MSEE 0.00001 20%
4834 - LC - MS# (P) 0.00005 20% -
EEHH - LC - MS#E: (N) 0.000002 20%
18 | ANVET7S Y (ANWERW 0.005 HPLC-RA A5 aE - 0.00005 20%
7 7 v E4EH 4 - LC— MSHE (P) 0.000005 20%
19 |24-YVruuyx/ % VB 0.03 EAE M - FHEMAL - GC - MSE 0.00001 20%
B (24-D) E AR - LC— MS#E (N) 0.00005 20%
20 | pUZBEN 0.006 BB - FiEb{b - GC - MSE: 0.00001 20%
: ElFHHE - LC - MSEN) 0.00002 20% .
21 | 7E7z—F 0.08 B - LC - MSi (P) 0.000005 20%
2 [4v7zrkR 0.001 E ARl H - GC— MSik 0.00003 20%
23 [ 2O kR 0.03 EAEHH - GC— MSHE 0.00005 20%
24 | MU Zanskr (DEP) 0.03. [E AR — GC — MS#E 0.0002 20%
25 |EUF7=2vFFY 0.002 B AR & - GC — MSiE . 0.00005 20%
2% | 4TIty 03 . B8 H ~ GC — MSiE 0.00002 20%
E48H & - HPLCE 0.001 20%
. E4BHH - LC— MS#: (P) 10.0001 20%
27 | =YY TFTV (T 0.004 El#8HH - GC —~ MSE: 0.00001 : 20%
AV =)
2B | FAFT U 0.04 B4R H - LC - MSE: (P) 0.00005 20%
20 |FxTy 0.3 B4 - GC - MSE: 0.0001 20%
30 |ruouis 0.05 E 483 & - GC — MSi 0.00002 20%
31 | PR AFN 0.2 EAEHE - GC ~MSE - 0.00001 20%
32 | 7mbs= 0.2 EAEHH - GC - MSiE .0.00001 20%
33 [Ryvromy 0.04 BB - GC— MSH 0.0001 20%
4 | AF5EVV 0.05 E AR = GC - MSHE 0.00005 20%
35 | x7O= 0.1 EAH - GC - MSiE 0.00001 20%
36 | T¥aTA 02 [E 483 & ~ HPLC# 0.001 20%
E 48 ~ LC - MSE (P) 0.0001. 20%
: B AF 3 - LC— MS#E (N) 0.0005 20%
37 | VFEFEN 0.008 EFEHH ~ GC - MS#E 0.00001 20%
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F£1(0D%)
5 EXE % B #Z1E (mg/1) BREHFBE EETREmg/) | TEHEK
38 | LT H N7 (MBPMC) : 0.02 E#EH & - GC~ MSi& -0.00001 20%
KEBE
39 | F7asI 0.03 E#EHH - GC— MS#E 0.00001 20%
W0 | EVTFILT 0.02 EEHH - GC— MS#: 0.00002 20%
41 | 7 3IkR . 0.01 E18 & - GC - MS#E 0.0001 20%
42 | _¥ R K (SAP) 0.1 E 84 - LC~ MSi% (P) 0.00001 1 20%
: B - LC~ MS# (N) 0.00001 - 20%
43 | Ry 7Ny (RATI ) 008 E4EHH - GC - MSKE 0.00001 20%
44 | RYFe XYY 0.1 E it - GC— MSiE 0.00001 20%
45 | xa7ay s (MCPP) 0.005 EABhH - FEARL - GC - MSHE 0.00005 20%
B - LC - MSiE (N) 0.00002 20%
46 | AFNFLany 0.03 E#8 i - GC— MS#E 0.00005 20%
7 | 7ora—-n 0.01 ElfEHH ~ GC— MSIE 0.00002 20%
48 | A nvosy L (NAC) 0.05 [E 48 — HPLC#E 0.0005 20%
HPLC- KX b5 AE 0.0001 20%
E48 4t - LC— MSiE (P) 0.00002 C20%
9 | ZFs 72 RA (Y7 0.006 El# i — GC - MSik 0.00005 20%
= ¥4 A, EDDP)
50 |[¥eFory - 0.04 B4 - GC - MSE 0.00001 20%
51 | 74354 K 0.1 E 4Bl H — GC — MSiE 0.00001 20%
52 | A7zFEvy b 0.009 EAEHH —GC ~ MS#E 0.00001 20%
53 | FVFIra—n 0.04 A8 — GC— MS#EE 0.00001 20%
54 | 4705 N7 (MIPC) 001 E 483l H — GC— MSiE 0.00005 20%
55 | FAT7 7 R—FAFN 03 E 4Rt - HPLCE 0.002 20%
' El4RHE - LC — MSH: (P) " 0.00005 20%
56 | Fonr - 02 BB - GC—- MSE 0.00002 : 20%
57 | AF¥F+ >~ (DMTP) 0.004 B4 H — GC~ MS#E " 0.00001 20%
58 | #A7TNY K : 0.04 E#EHH - LC — MSiE (P) .~ 0.00002 20%
BB ~ LC - MSEE (N) 0.00005 20%
5 | FuEesFFK 0.04 BB - GC - MS#E 0.0001 20%
60 | EYHR—P 0.005 E 4R - GC— MS#E 0.00001 20%
61 | YU 3IFy 0.09 BT - GC - MSE 0.0001 - 20%
62 | 7ookR ' 0,003 E AR — GC - MSE: ‘ © 0.00005 20%
63 | TSV 0.01 [E 48 — GC—~ MS#E 0.00005. 20%
64 | ¥RV 0.08 . EEE ~LC - MSE (N) 0.0001 20%
65 | Y7 a~= (DBN) 0.01 B4R — GC— MSiE 0.00001 20%
66 | YA PI—P . 0.05 EHHE - GC - MSi 0.00005 20%
67 | Y7y b 0.005 E 4 - HPLCHE 0.001 20%
68 | ¥ (DCMU) 002 - |EEfHE-LC-MSE(P) 0.0001 20%
: B S -LC~-MSE (N) 0.0001 20%
69 | =Y FANVT 7Y (Vv FA 001 E AR ~ GC ~ MSH#E 0.00005 20%
V7 x—h, RYVSIEY) :
70 |Zb7zr7Oy R 0.08 [E 484 H — GC — MSiE 0.00005 20%
71 | 7z F%4 v (MPP) 0.001 48 — GC — MS#E 0.00001 20%
72 | FU)KRHF— b 2 FHiEh{k ~ HPLCiE 0.0005 20%
HPLC- KA bH T Ak 0.002 20%
7B | =5V (e5Fty) 0.05 B4 - GC~ MSiE ' 0.00005 20%
74 | AVIN 0.03 HPLC- KA bH T AlE 0.0001 20%
AR ~ LC ~ MSIE (P) 0.00002 20%

60- | | ok £ Bk



587

w1 (0TF)
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Abstract

A multianalyte method has been developed for the confirmation and quantitation of five sulfonylureas, bensulfuron-methyl, imazosulfuron,
pyrazosulfuron-ethyl, flazasulfuron and halosulfuron-methyl, and for three ureas, siduron, dymron (daimuron) and diuron (DCMU) in water.
Samples were extracted from water by off-line solid-phase extraction (SPE) with a polystyrene polymer cartridge (PS2), an ODS Cs-bonded
silica cartridge (C;g) and an N-vinylpyrrolidone polymer cartridge (Oasis). Analyte determination and quantitation were performed by liquid
chromatography with mass spectrometry (LC-MS). Extraction efficiency experiments demonstrated the ability of this method to extract
sulfonylureas and ureas from water samples. Confirmatory analysis was carried out by LC-electrospray mass spectrometry (LC-ESI-MS)
instrumentation equipped with a single-quadrupole mass filter. MS data acquisition was performed by a single or two-ion selected ion mon-
itoring (SIM) program. It is required for confirmation that LLC-MS retention times of the analytes are within 1% of the retention times of the
standards, and that the molecular ion or characteristic fragment ion is present for each analyte. Fragment ions from distinctive structures must
be obtained to identify and characterize specific herbicide molecules. These were obtained by controlled decomposition of sulfonylurea and
urea adduct jons after suitably adjusting the electrical field in the desolvation chamber. The eight herbicides were also measured in fortified
pure water (water purified by a milli-Q system), tap water and river water. Average recoveries of the eight analytes from water samples were
in the range of 70-120% with relative standard deviations (R.S.D.s) of <20%. The limit of quantitation (I.OQ) for each of the eight herbicides

was between 10 and 100ng1-L.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Sulfonylurea herbicides; Urea herbicides; L.C-ESI-MS; SPE; Water samples

1. Introduction

Herbicides are used in the management of rice paddies,
golf courses, and other types of fields. They are carried into
the surrounding environment by aquifers, and are widely
distributed in the environment. There is concern that agri-
cultural chemicals may have an adverse influence on ecosys-
tems, and that their use can result in contamination of tap
water. Sulfonylurea herbicides were first introduced in 1982
by DuPont Agricultural Products. Sulfonylureas are labile
and weakly acidic compounds. Compared to other older her-
bicides, sulfonylureas and ureas are used in much lower con-
centrations and are degraded in soil more rapidly. Therefore,

* Corresponding author. Tel.: +81-3-3700-9346;
fax: +81-3-3700-9346.
E-mail address: nishimur@nihs.gojp (T. Nishimura).

0003-2670/$ — see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.aca.2003.11.027

very low concentrations (parts-per-billion) of these herbi-
cides are to be expected in the water supply. We carried out
an analysis of these compounds in water using the analytical
methods of liquid chromatography with ultraviolet detector
(LC-UV) [1-7], capillary electrophoresis with ultraviolet
detector (CE-UV) [8-11], LC with mass spectrometry (MS)
[12-19], immunoassay [20,21], bioassay [22,23] and radio
immunoassay [3]. Sulfonylureas and ureas are generally not
directly amenable to separation by gas chromatography (GC)
because of their extremely low volatility and thermal insta-
bility. GC has been used in conjunction with diazomethane
derivatization [24-26], pentafluorobenzyl bromide derivati-
zation [27], and hydrolysis followed by analysis of the aryl
sulfonamides [28]. Sulfonylureas and ureas can be separated
using reversed-phase high-performance liquid chromatogra-
phy (HPLC), but they are not readily identified by standard
HPLC detectors. These substances generally do not have
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Fig. 1. Structures and common names of the eight herbicides. 1: Bensulfuron-methyl; 2: imazosulfuron; 3: pyrazosulfuron-ethyl; 4: flazasulfuron; 5:

halosulfuron-methyl; 6: siduron; 7: dymron; 8: diuron (DCMU).

extremely strong UV or visible light absorption that would
allow selective and high-sensitivity detection. For confirma-
tory and quantitative trace analysis of compounds having
thermal instability or extremely low volatility, such as the
compounds of interest in this study, the use of LC-MS is
required. LC-MS offers chromatographic separation with-
out thermal decomposition, high sensitivity, mass selectiv-
ity and structural information. There is increasing demand
for accurate detection and characterization of herbicides, in
order to evaluate their levels in the environment. Therefore,
the establishment of an accurate multicomponent analysis
method is of practical importance.

The herbicides investigated here are in widespread use in
Japan, but there have been few reports describing measuring
methods or estimating quantities of these herbicides found
at different locations. Therefore, it is necessary to quickly
develop suitable analytical methods, which must have high
selectivity and high sensitivity, for the identification and
measurement of compounds containing sulfonylureas and
ureas. We have developed a new LC-MS methodology for
quantitation of these herbicides in various kinds of water,
such as tap water, and raw water, etc.

There have also been few reports concerning recovery
rates obtained by evaluating the differences in an SPE car-
tridge. We report here the results of analysis of water sam-
ples, including pure filtered water, tap water and river water

by an SPE using PS2, C;g and Oasis, and using LC-ESI-MS

in the positive ionization mode.

2. Experimental
2.1. Chemicals

Common names and structures of the five sulfony-
lureas and three ureas evaluated here are shown in Fig. 1.
Analytical grade standard bensulfuron-methyl (99.7%),
imazosulfuron (99.7%), pyrazosulfuron-ethyl (99.9%),

halosulfuron-methyl (100%), siduron (98.9%), dymron
(100.0%) and diuron (100.0%) were purchased from Wako
Osaka, Japan. Analytical grade standard flazasulfuron
(99.9%) was purchased from Hayashi, Osaka, Japan.
Acetonitrile and methanol used as HPLC grade solvents
were purchased from Wako Osaka, Japan. Acetic acid was
purchased from Wako. Deionized water used for sample
preparation and L.C mobile phase was prepared by a Milli-Q
water purification system (Millipore, Bedford, MA, USA).’

2.2. LC-ESI-MS analysis

LC was carried out using an Agilent 1100 series (Agilent,
Waldbornn, Germany) instrument equipped with a Rheo-

Table 1
SIM Conditions for monitoring five sulfonylureas and three ureas in water,
along with retention times

Compound M, Channel mass Retention
MW miz Composition time (min)

Bensulfuron-methyl 4104 411 ‘M+H 12.396
412 M +2H

Imazosulfuron 4128 415 M+ 3H 12.621

Pyrazosulfuron-ethyl 4144 415 M +H 14.846
437 M + Na

Flazasulfuron 407.3 408 M+H 12.611
409 M +2H

Halosulfuron-methyl ~ 434.8 435 M+H 15.494
457 M + Na

Siduron 232.3 233 M+H 13.978
255 M + Na 14.406

Dymron 2684 2691 M+H 16.171
291.1 M+ Na

Diuron (DCMU) 233.1 233 M+H 10.924

255 M + Na






