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Abstract

Electrochemiluminescence (ECL) detection with capillary electrophoresis (CE) separation system was used to the rapid analysis of mefenac
within 7 min. The linear response range of mefenacet was fromx 10¥8 to 5.0x 10~" M with a detection limit of 4.0< 10~° M. This technique
was also applied to analyze residues of mefenacet in seedling and soil.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sample volume and low operational cost. It has been widely used
in analysis of DNA[5], RNA [6], proteins[7], enzymeg[8],

Mefenacet, a herbicide containing tertiary amine substituentamino acidg9], anticancer drug§l0] and herbicide$11,12].
has been widely employed to suppress broadleaf and gra3$ie most commonly used detection modes available for CE
weeds in Korea, Japan and China since it was commercializeate fluorescence detection, laser-induced fluorescence detection
in the middle of 1980s. However, compared with other herbi{13,14], UV-visible spectrophotometric detecti¢h5], mass
cides such as propanil, diuron and simazine, mefenacet exhibitpectrometryf16], chemiluminescence (CLL7] and electro-
higher toxicity not only to weeds but also to crops. Negativechemiluminescence (ECL) detecti¢h8]. ECL detection, in
effects of mefenacet have been found on growth of phytoplankeomparison with other modes, offers lower background noise,
ton including Scenedesmus acutus, Scenedesmus subspicatus, higher detection sensitivity and requires simple and inexpen-
Chlorellavulgaris andChlorella saccharophila [1]. Many meth-  sive instrumentation. The luminescence compounds undergo an
ods have been adopted especially for the detection of its residuedectron-transfer reaction at the electrode surface to form excited
For example, gas chromatography-mass spectrometry (GC-MSjates that can emit light. Tris(2;Bipydidyl)ruthenium(ll),
was used to detect herbicide residues in surface w§ddrs Ru(bpyk?*, has been applied for the detection of hydrazine,
Other approaches, such as capillary gas chromatography (cagmino acid419], antibiotics[20], oxalate[21] and some clini-
illary GC) [3] and high performance liquid chromatography cal medicine$22,23].
(HPLC) [4], have also been employed to determine mefenacet In this paper, CE-ECL technique was employed to deter-
in food and in river water, respectively. However, these methodsine mefenacet. Influencing factors, such as applied potential,
require more sophisticated instrumentation or are more timeinjection voltage, injection time, and pH of running buffer were
consuming. Thus, it is very important to develop a simple andnvestigated in detail. Residues of mefenacet in seedling and soil
rapid method to detect mefenacet. were also determined using the proposed technique.

Capillary electrophoresis (CE) is a useful separation tech-
nique because of its high resolution, short analysis time, smafl. Experimental

2.1. Reagents and solutions

* Corresponding author. Fax: +86 731 8821818. o - .
E-mail addresses: shanchaoliu@yahoo.com.cn (S. Liu), szyao@hnu.netcn  Mefenacet (99.8%) was purchased from Haili Chemical

(S. Yao). Company (Hunan, China). Simazine (97%) and propanil (98%)
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were bought from Rainbow Chemical Co., Ltd. (Shandong250.l of 5mM Ru(bpy}2* solution (pH 7.38) before anal-

China). Urea (99%) was obtained from Guangzhou Chemicajsis, and replaced every 2h to eliminate depletion effect.
Company. Tris(2,2bipyridyl)ruthemnium(ll) chloride hexahy- |njections were performed by electromigration at a con-
drate (98%) was from J & K Chemical Company. Ethanolstant voltage for several minutes. During the experiment, a
(=99.7%) was purchased from Zhenxing Chemical Company5kV separation voltage was applied across the capillary and

(Shanghai, China). Phosphate buffer solutions with differthe potential of the photomultiplier tube (PMT) was set at
ent pH values were prepared with MPO, and KHPOy. 800V.

2.0x 103 M mefenacet was prepared in ethanol as its solu-

bility in water is very small (~4 mg/l). The stock solution was

diluted to a series of concentrations before use. All chemical . Results and discussion

used in this work were of analytical grade and double-distille
water was used throughout. 3.1. Cyclic voltammetry of reaction process

2.2 Apparatus As shown inFig. 1, curve a is the cyclic voltammogram of

MPI-A CE-ECL was bought from Xian Remex Electronic phosphate buffer solution. Curve b shows the cyclic voltam-

. . : ogram of 2mM Ru(bpyf* in phosphate buffer solution.
Science-Tech Co. (China). The end-column detection cell o N - o
CE-ECL was composed of a three-electrode system (300 Es the potential increased positively, an oxidation peak was

. . ! bserved at 1.13V (versus Ag/AgCI), which is attributed to
e e, A lclode 5 ¢ cidaton of R 10 Rl . Cve o shows e
’ W u ): u lic voltammogram of 2mM Ru(bpy3* in the presence of

capillary (i.d. 25um, o.d. 375.m) was bought from Yong- 1.17 mM mefenacet. Compared with curve b, it can be seen

nian Optical Conductive Fiber Plant (Hebei, China) and cut tothat the reduction peak becomes weaker while the oxidation
50cm in length. The capillary was placed between two buffer

. . ) : . eak is greatly enhanced. In this reaction system, RugBpj
reservoirs and the buffer was driven with the high potential appa;:-i)rst oxidg:zed t)é) Ru(bpyy**, then Ru(bpyy3* riacts Withémtgfee—
ratus. ’

. R " af i f i .
CHI 660A electrochemical analyzer was purchased fro nacet and produces Ru(bpy}" after a series of reaction steps

) : . n'hu(bpy)gz"*, which is not stable, releases the energy and causes
Shanghai Chenhua Apparatus Company (China). Ptwire (1 MIBoL emission[24]. Therefore, in the presence of mefenacet,

in diameter).encapsulated in epoxy resin was qsed as Workinlgu(bpy)g3+ is immediately consumed and an obvious catalytic
electrode, with an Ag/AgCl electrode and a platinum electrode idation peak can be observed. The proposed reaction mecha-

as refe_rence electrode_z and counte_r electrode, re_spectlvely. Aﬁi;m between Ru(bpy3* and mefenacet may be expressed as
potentials measured in the experiment were with respect D llows:

Ag/AgCl electrode.
2.3. Sample pretreatment

After burgeoning out, the paddy was planted in the soil,
and then cultured in incubator under natural illumination
for 5-7 days. Then 10mg of mefenacet was sprinkled into
the soil. Six days later, the seedling and the soil were col-
lected and their contents of mefenacet were analyzed as fol-
lows.

Firstly, the soil was rinsed with distilled water (1 ml water
per 1g soil) for five times, and then the resulted slurry was
filtrated out. Successively, the filtrate was concentrated &€72
under vacuum evaporation. Finally, the concentrate was filtrated
twice using 0.22um cellulose acetate filters and collected. The
extraction procedure for mefenacet from seedling was similar
to that from soil. Then these extracts were analyzed by CE-
ECL.

In addition, the draff of soil and seedling, which had been
rinsed with water for five times, was further rinsed with water,
respectively, then mefenacet content was analyzed again.

2.4. Electrophoresis procedure

. . _ Fig. 1. Cyclic voltamograms of Ru(bpy" and mefenacet: (a) phosphate buffer
Before each run, the capillary was flushed with runningsoiution (pH 7.38); (b) 2mM Ru(bpy}*; and (c) 2mM Ru(bpy?* plus
buffer for 10-15min. The detection reservoir was filled with 1.17 mM mefenacet. Scanning rate: 100 mV/s.
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whereN is the number of theoretical plateg, the migration
time, andWy» is the width at half height of the electrophoretic
) ) ) ) peak. It can be seen froRigs. 2 and 3, with the increase in injec-

_ Sever_al fact_ors thatlnfl_uence on the ECL |nten§|tywere INVeSion time and injection voltage, ECL intensity increases while
tigated, including potential applied at the working electrode yecreases. The probable reason is that the longer the injection
injection time, injection voltage, and pH value of the running ime and the higher the injection voltage, the more the analyte
buffer. into the reservoir and hence the higher the ECL intensity. How-

ever, the analyte cannot reach the electrode surface immediately
3.2.1. Effect of the applied potential and diffuse into the solution, so the peak is retarded and broad-
The intensity of the emitted light is dependent on the rateened, anaV decreased. Therefore, to compromise between the
of the light-emitting chemical reaction, and this reaction rate iSECL intensity and the separation effect, 10s and 11kV were
relied on the potential applied to the electrd@8]. The rela-  selected as the optimal injection time and injection voltage in
tionship between ECL intensity and the applied potential washe following experiments, respectively.

investigated in this work. It was found that with the increase of
the applied potential, the ECL intensity increased and reached#2.3. Effect of pH
maximum value at 1.2V, then decreased slightly. Therefore, in Knight and Greenway studied the effect of pH on the ECL
the following experiment, the applied potential was set at 1.2 Vsignals and found that the ECL intensity was smaller at lower

pH because of the protonation of amif#6]. Noffsinger and
3.2.2. Effect of injection time and injection voltage Danielson investigated the relationship between the ECL inten-
As a key factor in CE, the effects of injection time and injec- sity and the analyte p{27]. Since the pH of buffer solution has
tion voltage were studied in detail. With the injection voltagean influence on the ECL intensity, the relationship between the
being fixed at 11 kV, the effect of injection time of 2, 4, 6, 8, 10, ECL intensity and pH value from 5.19 to 9.18 was studied. With

12 and 15 s on the ECL intensity and the number of theoreticdhe increase of solution pH, the ECL intensity firstly increased
plates is shown iffrig. 2. At the same time, fixing the injection and reached a maximum value at pH 7.38, then decreased grad-
time at 10's, the influence of injection voltage of 2, 4, 6, 8, 10,ually. The ECL intensity at pH 7.38 is more than three times
11, 13, and 15kV on the ECL intensity and the number of thehigher than that at pH 5.19. Hence, pH 7.38 was employed as
oretical plates is shown iRig. 3. The theoretical plate numbers the optimal pH value.
were calculated according to the following equation:

¢ 2
N = 5.54(m ) (1)
W12

3.2. Optimization of separation and detection conditions

3.3. Standard concentration curves of mefenacet

The relationship between ECL intensity and the concentra-
tion of mefenacet is shown ifig. 4. The actual mefenacet
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Fig. 2. Effect of injection time on the ECL intensity (@) of Ru(bp$) and
the number of theoretical plate (O). Conditions: Ru(fY)5 mM; mefenacet,

2.0x 1075 M; injection voltage, 11 kV; phosphate buffer, pH 7.38. ) ) . . .
Fig. 4. The influence of mefenacet concentration on ECL intensity. Inset: the

linear ECL intensity response to mefenacet concentration fromx1 178 to
5.0x 10~7 M. Conditions: Ru(bpyy?*, 5mM; injection voltage, 11kV; injec-
tion time 10 s; phosphate buffer, pH 7.38.

reacting with Ru(bpyg®* was close to the maximum. The inset
of Fig. 4 reveals a linear relationship between ECL intensity
and mefenacet concentration over a range from .03 8 to
5.0x 10~' M as follows:

Y = 89.3+ 603.5X (r = 0.961, n=7) )

where Y is the ECL intensity (a.u.)X the concentration of
mefenacet (wM). The recovery and relative standard deviation
(R.S.D.) of the ECL intensity for 2.8 10~’ M mefenacet are
94.6 and 4.8%, respectively{b). The limit of detection (LOD)
for mefenacet is 4.6 10-9M (obtained at S/N = 3), which is
lower than that with other techniques. Comparison of the pro-
posed method with other methods is listedTaible 1. Hence,

Fig. 3. Effect of injection voltage (@) on the ECL intensity of Ru(bgf)and ~ CE-ECL is a sensitive method for determination of mefenacet.
the number of theoretical plate (O). Conditions: Ru(fY)5 mM; mefenacet,

2.0x 1075 M; injection time, 10's; phosphate buffer, pH 7.38. . . . .
: phosp P 3.4. Detection of mefenacet in seedling and soil

concentrations were 1.0710°8, 5.0x 1078, 7.28x 1078, The proposed ECL technique was employed to detect mefe-
1.0x1077,1.94x 1077,3.37x 1077,5.0x 1077, 2.0x 106,  nacet in seedling and soil. A typical example of the electro-
5.0x 10°% 2.0x10°° 5.0x 1075, and 2.0x 10°*M. With  pherograms of mefenacet extracted from soil is giveRiin 5.

the increase in mefenacet concentration, the ECL intensitfhe migration time was about 373 s, and the ECL intensity of
increases dramatically, then the intensity increase becomesefenacet was 640, therefore, the concentration of mefenacet
smaller and smaller. It indicates that the amount of mefenacatas about 5.& 10-% M. The repeatability was studied by three

Table 1

Comparison of various methods for determination of mefenacet

Method Application Detection limit (M) R.S.D. (%) Recovery (%) Reference
HPLC Paddy field 2.1x10°6 - - [4]

GCIMS River water 8.% 1078 - - [27]
Capillary GC Brown rice 3.410°8 - 82.6+7.3 [3]
CE-ECL Mefenacet 4.0x107° 4.8 94.6 This paper

a Stands for the R.S.D. of the migration time for 2@.0~7 M mefenacet (£ 5).
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is much lower. According to the literatur§®3,29], the reason
may be that mefenacet absorbed readily onto soils at the surface
layer of field when it was sprayed into the paddy field. The depth
of soil where herbicides mainly remained was 0.5-2 cm, where
most of weed seeds existed should be killed while no harm to
the paddy.

Subsequently, the draff of soil and seedling, which had been
rinsed with water for five times, was further rinsed with water,
respectively, then the filtrate was analysed. No peak was found
either in draff of seedling or soil. It indicates that the amount
of mefenacet in the draff of seedling and sail is too little to be
detected by this method.

3.5. Interference of other substances

A number of substances have been investigated to study the
possible interference on mefenacet determination. These sub-
stances include nitrogen, phosphorus, and potassium salts, fer-
tilizer, herbicide and pesticide. The analytical process s depicted
as follows. Firstly, 2.0< 10~° M mefenacet was tested under the
optimal conditions. A peak was found with the migration time
at about 373's. Then, a mixture of 2Q.0~> M mefenacet with
2.0x 10~>M of the tested interferent was detected. The results
are given inTable 2. The separation facteris defined as,

At
Fig. 5. CE-ECL electropherograms of extracts of mefenacet from soil. The inse®¥ = T )
stands for extract from seedling. Conditions: Ru(lfy)5 mM; injection volt-
age, 11kV; injection time 10s; phosphate buffer, pH 7.38. whereAt is the difference of migration time between mefenacet

and the interferent, andis the migration time of mefenacet.

consecutive injections of mefenacet sample. The R.S.D. of thit can be seen that no peak was observed for the substances,
migration time and ECL intensity was 2.56 and 5.0%, respecsuch as diammonium hydrogen phosphate, ammonium ferric
tively. The inset was the electropherograms of the extract fronsulfate, ammonium chloride, potassium bicarbonate, potassium
seedling. The ECL intensity was about 60, which was a littlebisulfate, dipotassium hydrogen phosphate, propanil, and potas-
larger than the value of 53 (LOD, 4:010-°M). Hence, the  sium nitrate. For calcium nitrate, sodium oxalate, cyhalothrin,
concentration of mefenacet in seedling was a little higher thaand imidacloprid, thex values of them are 0.035, 0.051, 0.021
5.0x 10~2 M. Compared with thatin soil, the residue in seedlingand 0.035, respectively. However, the ECL intensity of them is

Table 2

Study on interference of other substances on the determination of mefenacet

Interfering substance Migration time (s) At (S) Intensity (a.u.) o
Diammonium hydrogen phosphate Hydrogen

Ammonium ferric sulfate

Ammonium chloride No peak observed

Potassium bicarbonate
Potassium bisulfate - — _

Dipotassium hydrogen phosphate Hydrogen

Propanil

Potassium nitrate

Calcium nitrate 360 13 20 0.035
Diphenylamine 310 63 500 0.168
Sodium oxalate 354 19 75 0.051
Sodium acetate 735 362 22 0.970
Aminoacetic acid 310 63 440 0.168
Nicotine 310 63 500 0.168
Urea 730 357 280 0.957
Simazine 620 247 60 0.662
Cyhalothrin 365 8 135 0.021
Imidacloprid 386 13 190 0.035

Each value represents the mean for five measurements.
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smaller than that of mefenacet. Therefore, these substances ds] J.z. Xing, J. Lee, S.A. Leadon, M. Weinfeld, X.C. Le, Methods 22

not cause any significant interference on mefenacet determina- (2000) 157.
[6] H.A. Khan, Brain Res. Prot. 14 (2004) 13.

tion.
[7] M.L. Ye, S. Hu, W.C. Quigley, N.J. Dovichi, J. Chromatogr. A 1022
. (2004) 201.
4. Conclusion [8] J. Tu, L.N. Anderson, J. Dai, K. Peters, A. Carr, P. Loos, D. Buchanan,

J.J. Bao, C.S. Liu, K.R. Wehmeyer, J. Chromatogr. B 789 (2003) 323.
The CE-ECL method developed in this work is simple, rapid, [9] M. Ummadi, B.C. Weimer, J. Chromatogr. A 964 (2002) 243.

specific, and sensitive. A linear response range of mefenacBf] A.B. Anderson, J. Gergen, E.A. Arriaga, J. Chromatogr. B 769 (2002)
from 1.07x 108 to 5.0x 10—7_M was obtained with a detec- 1131y znu HK. Lee, Anal. Chem. 73 (2001) 3065.
tion limit of 4.0 x 10~° M. Residues of herbicide mefenacet in [12] M. Jung, W.C. Brumley, J. Chromatogr. A 717 (1995) 299.
seedling and soil were investigated with this technique. Th¢i3] E. Ban, H.S. Nam, Y.S. Yoo, J. Chromatogr. A 924 (2001) 337.
result obtained shows that this technique is suitable for andl4l S. Zhao, Y. Song, Y. Liu, Talanta 67 (2005) 212.
lyzing the residues of herbicides in water and soil. It may offed15] C- Vogt. J. Vogt, A. Becker, E. Rohde, J. Chromatogr. A 781 (1997)
a rapi_d detection method f(_)r the monitoring of _enviro_nmenta 16] Q. \.(ang, L.M. Benson, K.L. Johnson, S. Naylor, J. Biochem. Biophys.
pollution problem or the residue content of herbicides in food. Methods 38 (1999) 103.

[17] K. Tsukagoshi, T. Tokunaga, R. Nakajima, J. Chromatogr. A 1043 (2004)
333.
[18] J.F. Liu, J.L. Yan, X.R. Yang, E.K. Wang, Anal. Chem. 75 (2003) 3637.
[19] M.T. Chiang, C.W. Whang, J. Chromatogr. A 934 (2001) 59.
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