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Disposable Electrochemical Sensor for Determination of Nitroaromatic Compounds by a Single-Run Approach Jyh-Cheng Chen,† Jiun-Le Shih,† Chi-Ho Liu,‡ Mei-Yueh Kuo,‡ and Jyh-Myng Zen*,† Department of Chemistry, National Chung Hsing University, Taichung 402, Taiwan, and Animal Health Research Institute, Council of Agriculture, Executive Yuan, ROC



Environmental and security applications have generated major demands for effective field-deployable tools for detecting nitroaromatic compounds, such as chloramphenicol (an antibiotic), parathion (an organophosphate nerve agent), and TNT (2,4,6-trinitrotoluene, an explosive) in a fast, simple, sensitive, reliable, and cost-effective manner. We report here a single-run approach for such a purpose. The reduction potential of different nitroaromatic compounds was found to systematically shift with the substituent group at an electrochemically preanodized screen-printed carbon electrode. The preanodization treatment makes the peak sharp and hence provides a precise way to identify the substituent effect on nitroaromatic compounds. By using potential shifts as analytical characteristics of nitroaromatic compounds, a suitable internal standard can be chosen based on the criteria of wellseparated peak potential and rarely found in the real sample of interest. Simply by measuring the ratio of peak currents between analytes of interest and internal standard, the analysis can be done in a single-run measurement. Both the matrix effect and the variation of electrode during the preparation process can be canceled out in this approach and thus allows for a high-precision analysis. Just by placing a 20-µL drop on a single-use amperometric sensor strip incorporating a three-electrode configuration is enough for rapid and sensitive detection of nitroaromatic compounds by square-wave voltammetry. For example, the linear detection range can be up to 100 µM with a detection limit of 0.42 µM (S/N ) 3) in the detection of chloramphenicol. This approach was successfully demonstrated in real sample analysis to verify the applicability of the method. The promising performances open new possibilities for rapid determination of nitroaromatic compounds in environmental and biological samples. We report a novel approach using a single-use amperometric sensor strip incorporating a three-electrode configuration for convenient, fast, low sample volume and direct detection of nitroaromatic compounds. To demonstrate the wide applicability of the proposed approach, various model analytes such as chloramphenicol (an antibiotic), parathion (an organophosphate * Corresponding author. Fax: +886-4-22854007. dragon.nchu.edu.tw. † National Chung Hsing University. ‡ Animal Health Research Institute.
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nerve agent), and 2,4,6-trinitrotoluene (TNT, an explosive) were selected for study. Chloramphenicol is a broad-spectrum antibiotic whose adverse effects have led to restrictions of its use in both human and veterinary medicine. Toxic effects in humans such as aplastic anemia have been described. Fears that the drug is still widely available in developing countries and is in common use in animal production produces concerns for public health safety. The administration of chloramphenicol has been banned for foodproducing animals in the European Union and United States.1,2 Parathion and its substituted derivatives are widely used as agricultural insecticides and and known to be toxic in nature.3 Despite the low volatility (157-162 °C) and low solubility in water, leaching may occur especially in sandy soils. Qualitative and quantitative analysis of these materials is very important for environmental control.4 Because of the high neurotoxicity of organophosphates, they are also used as nerve agents as part of chemical and biological warfare agents. Rapid detection of these toxic agents have become increasingly important for homeland security and health protection.5-9 Similarly, the need to meet the demand for environmental safety leads to a requirement for rapid screening analytical methods of high sensitivity to detect the presence of nitroaromatic explosives at trace levels.10-14 In the first part of the paper, we describe the voltammetric behavior of nitroaromatic compounds at the preanodized screenprinted carbon electrode (designated as SPE*) and show the convenience of detecting these compounds at low concentrations. The SPE* was first applied to the characterization of potential (1) Official Journal of the European Communities, Commission Regulation (EC) 1430/94, No. L 156/6. (2) Epstein, R. L.; Henry, C.; Holland, K. P.; Dreas, J. J. AOAC Int. 1994, 77, 570-576. (3) Draper, W. M.; Stree, J. C. Bull. Environ. Contam. Toxicol. 1981, 26, 530536. (4) Barcelo, D. Analyst 1991, 116, 681-689. (5) Wang, J.; Pumera, M.; Collins, G.; Mulchandani, A.; Olsen, K. Anal. Chem. 2002, 74, 1187-1191. (6) Wang, J. Anal. Chim. Acta 2003, 507, 3-10. (7) Sadik, O. A.; Land, W. H.; Wang, J. Electroanalysis 2003, 15, 1149-1159. (8) Lin, Y.; Lu, F.; Wang, J. Electroanalysis 2004, 16, 145-149. (9) Liu, G.; Lin, Y. Anal. Chem. 2005, 77, 5894-5901. (10) Hilmi, A.; Luong, J. H. T. Anal. Chem. 2000, 72, 4677-4682. (11) Wang, J.; Tian, B.; Sahlin, E. Anal. Chem. 1999, 71, 5436-5439. (12) Honeychurch, K. C.; Hart, J. P.; Pritchard, P. R. J.; Hawkins, S. J.; Ratcliffe, N. M. Biosens. Bioelectron. 2003, 19, 305-312. (13) Wang, J.; Hocevar, S. B.; Ogorevc, B. Electrochem. Commun. 2004, 6, 176179. (14) Agu ¨´ı, L.; Vega-Montenegro, D.; Ya´n ˜ez-Seden ˜o, P.; Pingarro´n, J. M. Anal. Bioanal. Chem. 2005, 382, 381-387. 10.1021/ac060002n CCC: $33.50
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shifts for nitroaromatic compounds with different substituent groups that can either donate or accept electrons by π-orbital interaction with the ring. Note that the preanodization treatment is necessary since it makes the reduction peak sharp and hence provides a precise way to identify the substituent effect on nitroaromatic compounds. Activating substituent groups (such as OH and NH2) and deactivating substituent groups (such as COOR and X) can affect the potential of the reduction peak of the nitro group. The Hammett equation, which relates rate and equilibrium of many reactions of compounds containing substituted phenyl groups, was applied to interpret the relationship. More precisely, the Gibbs energy relationship between the reduction peak potential (Ep) and the Hammett constant (σ) was applied to characterize the polar effect of the substituent.15,16 Based on potential shifts as analytical characteristics of nitroaromatic compounds, a suitable internal standard can be chosen with the criteria of well-separated peak potential and rarely found in the real sample of interest. Instead of applying the standard addition method, simply by measuring the ratio of peak currents between analyte of interest and internal standard, the analysis can be done in a single-run measurement. Since both the analyte of interest and internal standard are detected based on the same mechanism, the matrix effect as well as the variation of the SPE* during the preparation process can thus be canceled out in this approach. This provides an easy and accurate method for rapid determination of nitroaromatic compounds by a single-run approach using disposable electrochemical sensors. In the second part of the paper, we discuss the application of the proposed approach to the determination of target analytes with satisfactory results. Our group previously reported a sensitive voltammetric method for the determination of parathion (φNO2) using a Nafion-coated glassy carbon electrode (GCE).17 In this method, parathion is first irreversibly reduced from φNO2 to φNHOH; the reversible peaks corresponding to a two-electron oxidation/reduction of hydroxylamine (φNHOH) to nitroso (φNO) derivative were used for detection with square-wave voltammetry (SWV). Note that the key to the success of the method is the existence of Nafion film. This can be explained by the fact that φNHOH diffuses away from a bare GCE when it is formed, whereas it remains fixed in the Nafion membrane. Another advantage of coating with Nafion film is to eliminate interferences. In this study, a single-use amperometric sensor strip incorporating a three-electrode configuration with the preanodized Nafioncoated screen-printed working electrode (designated as NSPE*) was further developed for the electroanalysis of nitroaromatic compounds. Indeed, a trend in the development of electrochemical sensors is to integrate together with the working electrode both reference and counter electrodes on one strip in order to miniaturize and to simplify the instrumentation.18 In conjunction with the single-run approach, a disposable NSPE* and portable electrochemical instrument would benefit the field monitoring of (15) Zuman, P. Substituent Effects in Organic Polarography; Plenum Press: New York, 1967. (16) Vasquez, R. E.; Hono, M.; Kitani, A.; Sasaki, K. J. Electroanal. Chem. 1985, 196, 397-415. (17) Zen, J.-M.; Jou, J.-J.; Kumar, A. S. Anal. Chim. Acta 1999, 396, 39-44. (18) Chen, J.-C.; Chung, H.-H.; Hsu, C.-T.; Tsai, D.-M.; Kumar, A. S.; Zen, J.-M. Sens. Actuators, B 2005, 110, 364-369. (19) Hsu, C.-T.; Chung, H.-H.; Lyuu, H.-J.; Tsai, D.-M.; Kumar, A. S.; Zen, J.-M. Anal. Sci. 2006, 22, 35-38.



Chart 1. Single-Drop Analysis Using the Proposed Strip in a Three-Electrode Configuration



nitroaromatic compounds and result in rather convenient methods for analysis. EXPERIMENTAL SECTION Reagents and Solutions. A stock solution of 10 mM chloramphenicol (Sigma) was prepared in methanol and stored at 4 °C. Nafion perfluorinated ion-exchange powder, 5 wt % solution in a mixture of lower aliphatic alcohols and 10% water, was obtained from Aldrich. Parathion and all other compounds (ACS certified reagent grade) were used without further purification. The nitroaromatic compound with its derivatives and all supporting and standard solutions used in this study were obtained from Merck. Unless otherwise stated, phosphate buffer solution was used in all studies. Water was obtained from a Millipore purification system (18 MΩ/cm). Solutions and buffers were prepared by employing standard laboratory procedures. Lake water was collected from the campus of Chung Hsing University (Taichung, Taiwan). The samples were taken in glass bottles, filtered through a 0.45-µm nylon filter, and stored at 4 °C. Electrochemical Measurements. Electrochemical measurements were carried out using a BAS 100W electrochemical workstation. The integrated three-electrode strip was connected to the electrochemical workstation with a specially designed electrochemical cell.18,19 Measurements were carried out by placing a 20-µL sample drop on the electrochemical cell; an exposed part of the electrode system not covered with the insulating film forms an electrochemical reaction zone for forming a reaction layer. Each experiment was done with a new electrode strip in nondeaerated and unstirred solution. For comparison purposes, studies were carried out with either an SPE or GCE with a conventional Ag/AgCl reference electrode and a platinum counter electrode placed in 10 mL of solution. The NSPE was achieved by covering the electrode surface with 10 µL of Nafion in desired weight percent and spin-coating at 3000 rpm. The preanodization experiment was performed by setting the electrode potential at 2.0 V for 60 s in 0.1 M H3PO4 prior to the electrochemical measurements. Construction of Thick-Film Strip in Three-Electrode Configuration. A semiautomatic screen-printer was used to prepare disposable SPE consisting of carbon as working and counter electrodes and silver pseudoreference electrode, as shown in Chart 1. A stencil with the structure of five continuous electrodes was Analytical Chemistry, Vol. 78, No. 11, June 1, 2006
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used in printing the conducting carbon on a flexible polypropylene film (50 × 70 mm). A silver layer (not in the working portion) was first printed before coating the carbon ink (Acheron) to make an effective conductive nature for the SPE. Then, the unit was cured in a drybox at 100 °C for 30 min. After drying, an insulating layer was finally printed over the SPE leaving the working area of 0.196 cm2 with a conductive track radius of 2.5 mm. The measured average resistance for the five strips is 85.64 ( 2.10 Ω/cm. Note that both the performance of the pseudoreference electrode and the suitability of carbon as working and counter electrodes were evaluated and reported in our previous study.18 Quantification Assays. Real water samples were directly spiked (20 µL) as a droplet on the strip surface and electrochemically scanned immediately by SWV.17 A baseline-corrected anodic peak current (ipa) value was uniformly taken as a quantitative assay. All determinations were carried out in at least triplicate and a fresh strip was separately used for each scan. Safety Considerations. Nitroaromatic compounds are highly toxic and should be handled in a fume hood. Skin and eye contact and accidental inhalation and ingestion should be avoided. RESULTS AND DISCUSSION Potential Shifts as Analytical Characteristics of Nitroaromatic Compounds. Figure 1 shows the typical cyclic voltammetric responses of 0.5 mM nitrobenzene on a bare SPE and the SPE* in 0.1 M H3PO4 at a scan rate of 10 mV/s in the range of 0.6 to -0.8 V versus Ag/AgCl. As can be seen, a relatively welldefined and narrow cathodic peak was observed at the SPE*. Obviously, the preanodization at 2.0 V for 60 s resulted in a decrease in peak potential and a large increase in peak current at the SPE*. According to the currently accepted mechanism for electrochemical reduction of nitroaromatic compounds,14,17,20 the appearance of the first peak (C1) is due to a four-electron irreversible reduction of the nitro group (φNO2) to a hydroxylamine group (φNHOH) and the A2/C2 redox peak is caused by the reversible two-electron oxidation and reduction of the hydroxylamine group (φNHOH) to a nitroso group (φNO) as shown below:



(C1)



φNO2 + 4e- + 4H+ f φNHOH + H2O



(A2, C2)



φNHOH T φNO + 2H+ + 2e-



(1) (2)



The electrochemical reduction of nitroaromatic compounds has been claimed to be a complex process that depends on the number of nitro groups, their relative positions on the ring, and the nature of other substituents on the aromatic system. Previous voltammetric analysis of the surface interactions involved in the electrode processes on nitrobenzenes at electrochemically pretreated electrodes also indicated that the oxidative electrochemical pretreatment led to the formation of active sites at which the adsorption of the reactant resulted in enhanced electron-transfer rates.14 The magnitude of the potential shift and the strength of adsorption varied with the relative position and electron-withdrawing power of the substituent in the aromatic ring of nitrobenzene. In this study, the preanodization treatment makes the reduction peak (20) Cavalheiro, E. T. G.; Brajtar-Toth, A. J. Pharm. Biomed. Anal. 1999, 19, 217-220.
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Figure 1. Typical cyclic voltammograms of 0.5 mM nitrobenzene on a bare SPE (dashed line) and the SPE* (solid line) in 0.1 M H3PO4 at a scan rate of 10 mV/s.



sharp and hence provides a precise way to identify the substituent effect on nitroaromatic compounds. There are three mechanisms, i.e., resonance effect, field effect, and inductive effect, for polarization and charge redistribution mainly originate from dipoles between groups of different electronegativity for nitroaromatic compounds. Field effect and inductive effect can be considered together as polar effect originating from bond dipoles. Depending on the orientation of the dipole and the charge developing at the reaction site, a substituent can either favor or disfavor the reaction. The Hammett effect is free of complications due to steric effects, since it is applied only to meta and para substituents. The geometry of the benzene ring ensures that groups in these positions cannot interact with the site of reaction. As φNO2 is reduced to φN(OH)2 in the first reduction step, the fact that the reduction potential of step I is more negative than that of step II is understandable because φNO2 is an electron-withdrawing group and φN(OH)2 is an electronreleasing group. The reduction peak potential of φNO2 to φN(OH)2 can be further affected by the substituent groups. For example, the OH group, an electron-releasing group, tends to make it more difficult to reduce φNO2 to φN(OH)2 and thus would require a more negative reductive potential. On the other hand, the COOR group, an electron-withdrawing group, would result in a more positive reduction potential. To confirm the postulate, the Hammett constants (σ) were first calculated according to the collected data form the textbook.19 Various substituents were then chosen to study at the SPE*. As shown in Figure 2A, an increase response in the A2/C2 redox couple in the detection of chloramphenicol was observed. This is consistent with our earlier report for the determination of parathion using a Nafion-coated GCE.17 The existence of the Nafion film is essential to the success of the method for analytical application. This can be explained by the fact that φNHOH diffuses away from a bare SPE when it is formed, whereas it remains fixed in the Nafion membrane. Of course the coating with Nafion film also can help to eliminate interferences. Most important of all, it is interesting to notice a linear relationship, y ) -337 + 153x (r ) 0.889), between the calculated σ values and the measured reductive peak potentials of nitroaromatic compounds. It is clear that the reductive peak potential increases positively with the



Figure 3. SW voltammograms of (A) 4-nitrophenol (10 µM) and chloramphenicol (50 µM) and (B) 4-nitrophenol (10 µM) and chloramphenicol (unknown) at the NSPE*. Experimental conditions: SW amplitude 25 mV, SW frequency 15 Hz, deposition potential -720 mV (vs pseudo Ag), and deposition time 30 s.



Figure 2. (A) Typical cyclic voltammograms of 0.5 mM chloramphenicol on a bare SPE (dashed line) and the NSPE* (solid line) in 0.1 M H3PO4 at a scan rate of 10 mV/s. (B) Linear correlation between the calculated σ values and the measured reductive peak potentials of nitroaromatic compounds.



increase in σ values as demonstrated by two typical cases, methyl 3-nitrobenzoate (with electron-withdrawing substituent) and 4-nitrophenol (with electron-releasing substituent). According to the structure of chloramphenicol (Figure 2B), it is a nitrobenzene with a poor electron-withdrawing alkyl group in the para site. The reduction of φNO2 to φN(OH)2 should therefore require a slightly more positive reduction potential than -337 mV, which was indeed the case for the observed cathodic peak potential of -324 mV. Based on the peak potential of -324 mV, the σ value of 0.08 obtained from the plot is again quite consistent with the prediction. As to 4-nitrophenol, which is a nitrobenzene with a strong electronreleasing hydroxyl group, the observed cathodic peak potential should therefore shift negatively from -337 to -400 mV. Overall, our proposed method turns out to be a rather easy way to acquire the σ value. Single-Run Approach Using a Disposable NSPE*. The single-run approach for rapid determination of nitroaromatic compounds is presented here by using the determination of chloramphenicol as a model. As mentioned earlier, instead of applying the standard addition method, the analysis is proposed to be done in a single-run measurement. Furthermore, simply placing a 20-µL drop on a single-use amperometric sensor strip incorporating a three-electrode configuration is enough for rapid and sensitive analysis of chloramphenicol by SWV. To accomplish this, a suitable internal standard should be chosen first based on the criteria of well-separated peak potential and rarely found in



the real sample of interest. In this regard, based on Figure 2B, 4-nitrophenol turns out to be a possible candidate as an internal standard for chloramphenicol detection. Since 4-nitrophenol is rarely found simultaneously with chloramphenicol in veterinary medicine, it was thus chosen as an internal standard for quantitative determination of chloramphenicol in the subsequent studies. Note that 4-nitrophenol is also a hazardous substance, which can cause a high environmental impact due to its toxicity and persistence. The origin of contamination comes from manufacturing, chemical industry, and agricultural practices.22 Meanwhile, organophosphorus pesticides yield nitrophenols as major degradation products.23 Consequently, qualitative and quantitative detection of nitrophenols is also a matter of concern for environmental control.24 In other words, in the case that 4-nitrophenol could not be used as an internal standard for quantitative determination of itself, chloramphenicol can also be used as an internal standard for the detection of nitrophenols. Of course, there is another choice, for example, methyl 4-nitrobenzoate, which lies on the far end of Figure 2B, might be an even better candidate. By applying a preconcentration potential of -0.62 V (i.e., -0.40 V versus Ag/AgCl), φNO2 can be converted into φNHOH and the species for detection is now transformed into a reversible one. It is well known that the sensitivity of SWV is proportional to the degree of reversibility of the electrochemical reaction. Since the redox couple A2/C2 showed a more reversible behavior at the NSPE*, a clear advantage of applying the SWV with respect to the sensitivity of detection is expected. Figure 3A shows the SW voltammograms of 4-nitrophenol (10 µM) and chloramphenicol (50 µM) at the NSPE*. The peak potentials originating from the reaction of step II following the reaction of step I of chloramphenicol and 4-nitrophenol were 80 and 250 mV versus Ag (pseudo) (i.e., ∼300 and ∼470 mV versus Ag/AgCl), respectively. Consequently, potential shifts as analytical characteristics of nitroaromatic compounds apply equally well in both the C1 and (21) Francis, A. C.; Richard J. S. Advanced Organic Chemistry; Kluwer Academic/ Plenum Publishers: New York, 2000. (22) Christophersen, M. J.; Cardwell, T. J. Anal. Chim. Acta 1996, 323, 39-46. (23) Castillo, M.; Domingues, R.; Alpendurada, M. F.; Barcelo´, D. Anal. Chim. Acta 1997, 353, 133-142. (24) Pedrosa, V. A.; Codognoto, L.; Machado, S. A. S.; Avaca, L. A. J. Electroanal. Chem. 2004, 573, 11-18.
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A2/C2 peaks. Based on the following equation



ichloramphenicol/[chloramphenicol] ) RF × i4-nitrophenol/[4-nitrophenol] (3)



, the response factor (RF) was measured as 0.48 for chloramphenicol calculated from the obtained values of ichloramphenicol ) 13.11 µA and i4-nitrophenol ) 5.46 µA. The measured RF ) 0.48 can then be used for the determination of an unknown concentration of chloramphenicol (x) by fixing the [4-nitrophenol] at 10 µM. As shown in Figure 3B, a mixture that contains an unknown concentration of chloramphenicol and 10 µM 4-nitrophenol internal standard resulted in peak currents of ix ) 12.26 µA and i4-nitrophenol ) 6.52 µA, respectively. In a single measurement, the concentration of chloramphenicol can thus be detected as 39.17 µM () 12.26 µA × 10 µM/0.48 × 6.52 µA) as follows:



[chloramphenicol] ) ix[4-nitrophenol]/RF × i4-nitrophenol (4)



Nevertheless, the main advantage of the proposed method is the high precision of the proposed approach that can be assured in chloramphenicol determination. As shown in Figure 4A, the sensitivity can be largely improved after the preanodization process; however, it also causes instability in quantitative analysis. The single-run approach, on the other hand, presumes a linear response of the detection to both analyte and the internal standard, as shown in Figure 4B. As the detection for both analytes is based on the same electron-transfer mechanism, the matrix effect as well as the variation of the NSPE* during the preparation process can thus be eliminated. Simply by measuring the ratio of the peak currents between chloramphenicol and internal standard (10 µM 4-nitrophenol), the linear detection range can be up to 100 µM chloramphenicol with a linear regression equation of I (µA) ) -0.14 + 0.05C (µM), with a correlation coefficient of 0.9994 (Figure 4B). A detection limit of 0.42 µM (S/N ) 3) was obtained under the following optimum conditions: SW amplitude 25 mV, SW frequency 15 Hz, deposition potential -720 mV (vs pseudo Ag), and deposition time 30 s. Various ions were examined with respect to their interference with the determination of chloramphenicol. For 5 µM chloramphenicol, the results showed that over 1000-fold excess concentration of K(I), Cl(I), fulvic acid, uric acid, glucose, Pb(II), Ca(II), Zn(II), Cu(II), and Triton X-100 did not interfer in the chloramphenicol response. The coating with Nafion film together with the single-run approach can effectively eliminate the interference. Analytical Application. Finally, this method is applied to the detection of a veterinary medicine that per gram contains 300 mg of chloramphenicol, 7 mg of riboflavin, and 690 mg of starch. The test solution was prepared by dissolving 6.46 g of drug powder in 1 L of aqueous solution. The experimental procedure was the same as mentioned in the previous section. For comparison, the sample was also evaluated by spectroscopic absorption detection at λ ) 278 nm with a standard addition method. Fairly close results of 35.31 and 36.37 µM (i.e., 55.9 and 58.7% content of chlorampheni3756 Analytical Chemistry, Vol. 78, No. 11, June 1, 2006



Figure 4. Calibration curves obtained for chloramphenicol by measuring (A) the chloramphenicol peak current directly and (B) the ratio of the peak currents between chloramphenicol and internal standard (10 µM 4-nitrophenol).



col in the veterinary medicine) were obtained by spectroscopic absorption and the proposed electrochemical methods, respectively. The results verify the use of a simple and easy electrochemical method for fast and reliable measurement of chloramphenicol in veterinary medicine. The main advantage of this simple electrochemical process, however, is the possibility for on spot detection of chloramphenicol added in feed. Fears that chloramphenicol is still widely available in developing countries and is in common use in animal production produces concerns for public health safety. This has generated major demands for effective fielddeployable tools for detecting chloramphenicol in feed in a fast, simple, sensitive, reliable, and cost-effective manner. In the conventional spectroscopic method, due to the cloudy condition of the real feed samples, even with a tedious pretreatment such as filtration, the interference is almost unavoidable. The electrochemical method is relatively irrelevant to the cloudy condition and thus provides a possible way to monitor the chloramphenicol in feed without a tedious sample pretreatment. As mentioned earlier, to demonstrate the wide applicability of the proposed approach, other model analytes such as parathion and TNT were also selected for study. The same approach was further extended to detect parathion and TNT and the obtained RFs in the presence of 10 µM 4-nitrophenol were 0.352 and 0.415 for parathion (10 µM) and TNT (30 µM), respectively. The



Table 1. Determination of Parathion and TNT in Lake Watera



TNT parathion



response factor (RF)



sample added (µM)



sample foundb(µM)



recovery (%)



0.415 ( 0.035 0.352 ( 0.012



30 10



28.70 ( 4.05 9.68 ( 0.31



95.7 96.8



a Lake water was diluted by (1:10) with 0.1 M phosphoric acid directly before being spiked. b Number of sample assayed, 6.



analytical utility of the method was assessed by applying it to the determination of parathion and TNT in lake water. As the natural water samples analyzed contained no parathion and TNT, it had to be spiked with the analyte at a certain concentration, and the results are summarized in Table 1. The parathion/TNT and 4-nitrophenol stripping peaks are clearly displayed for the spiked water sample. The recoveries of the spiked parathion and TNT were 96.8 and 95.7%, respectively, in the lake water sample. Apparently, the complex matrix in the lake water sample only affects the analysis slightly. The present investigation reveals the combination of the voltammetric procedure and SWV to increase the sensitivity, and Nafion film modification for better selectivity was also found to work well in parathion and TNT detection.



CONCLUSION We have demonstrated a single-run approach for the detection of nitroaromatic compounds on the use of a single-use amperometric sensor strip incorporating a three-electrode configuration. Characteristically potential shifts are observed for all nitroaromatic compounds, and the shifts depend on the nature of the substituent groups. The shifts of peak potential are deeplyrelated to the parameter of Hammett’s constant. It yields an additional property that is characteristic of nitroaromatic compounds, and these results might provide the basis for a method to identify substituent constants of the substituent groups. Most important of all, the single-run approach with the combination of disposable preanodized Nafion-coated screen-printed carbon working electrode and portable electrochemical instrument would benefit the field monitoring of nitroaromatic compounds. ACKNOWLEDGMENT The authors gratefully acknowledge financial support from Council of Agriculture and National Science Council of Taiwan. Received for review January 2, 2006. Accepted March 24, 2006. AC060002N
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