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Abstract: In this study, a MIP sensor was developed for quantitative triclosan detection in 13 

wastewater samples. Qualitative analysis of the samples was also performed by using an electronic 14 

nose. The MIP sensor exhibits responses proportional to triclosan concentrations (0.1–1000 pg/mL) 15 

with a detection limit of 0.23 pg/mL. The sensor was applied for Triclosan detection in spiked 16 

wastewater samples with a significant recovery (99%). Radar plots constructed from E-nose re- 17 

sponses show different chemical signatures according to analyzed samples. Results from both sens- 18 

ing systems were employed to build a model by using partial least scare (PLS) with correlation co- 19 

efficient R = 0.98. 20 

Keywords: Wastewater; electronic nose; multivariate data analysis; electrochemical sensor; triclo- 21 

san.  22 

 23 

1. Introduction 24 

Sewage systems are the key collection location for cosmetic residues, so their pres- 25 

ence is unavoidable [1]. Triclosan (TCS) is identified as an antimicrobial agent against 26 

bacteria [2]. It has been broadly employed in personal care products, among other tooth- 27 

pastes. As a result of its extensive use and resulting transport, TCS is pervasive in the 28 

environment and is partly processed in a sewage treatment plants [3]. For the stated and 29 

mentioned reasons, it is very relevant to develop a simple, sensitive, and convenient 30 

method for the detection of TCS to sustain surveys on its environmental destiny. So far, 31 

certain methods for the determination of TCS have been documented, namely liquid chro- 32 

matography coupled with mass spectrometry [4], spectrophotometry [5], and electro- 33 

chemistry [6], etc. Whilst these methods have the advantage of a high accuracy, the ma- 34 

jority of them represent some disadvantages like the high cost of the equipment, long 35 

analysis times, low sensitivity, and the need for trained personnel. 36 

On one hand, the use of electrochemical sensors has seen enormous progress [7]. In 37 

particular, molecularly imprinted polymer (MIP), as a biomimetic receptor, would 38 

achieve the intended high mechanical and chemical stability, selectivity, reusability, and 39 

ease of synthesis [8]. Thus, the development of a strongly selective electrochemical MIP 40 

sensor based on the above considerations would be very challenging for the determina- 41 

tion of the TCS. 42 

On the other hand, electronic nose (e-nose) technology has emerged as a very encour- 43 

aging approach for environmental analysis [9]. This approach has turned out to be simple, 44 

fast, and very promising for reducing the time and costs of analysis.  45 
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In this work, a novel platform is proposed to improve electrochemical techniques by 1 

developing a MIP sensor for quantitative TCS determination in wastewater samples. A 2 

second part of this study is devoted to the use of an e-nose system for the qualitative anal- 3 

ysis of these samples spiked with TCS. Multivariate analysis methods based on partial 4 

least squares regression (PLS-R)) model was also used for a clearer interpretation and for 5 

the prediction of the TCS concentration in the studied samples. 6 

2. Experimental 7 

2.1. Reagents and Solutions  8 

TCS, N-hydroxysuccinimide (NHS), carboxylic polyvinyl chloride (PVC-COOH), po- 9 

tassium ferrocyanide ([Fe(CN)6]4-), 1,4-Dioxane (99.8%), potassium ferricyanide 10 

([Fe(CN)6]3-), 2,4,6-trichlorophenol, catechol, and phosphate buffered saline (PBS) were 11 

ordered from Sigma Aldrich. Acrylamide (AAM), N-(3-dimethylaminopropyl)-N’ ethyl- 12 

carbodiimide hydrochloride (EDC), N, N’-methylene-bisacrylamide (NNMBA), and N, N, 13 

N’, N’-Tetramethyl-ethylenediamine (TEMED) were purchased from Fluka. Ammonium 14 

persulphate (APS) was obtained from Scharlau chemise S.A. Methanol, (Hydroxymethyl) 15 

aminomethane (TRIS 0.5 M) and acetic acid were all from VWR Chemicals. From a stand- 16 

ard stock solution of TCS (1 mg/mL in methanol), working solutions were obtained by a 17 

dilution of the previous solution with PBS (pH = 7.4) [10]. All working solutions of the 18 

established range between 0.1 and 1000 pg/mL were stored at 4 °C until analysis.  19 

Domestic wastewater samples were collected from the Kasba district of Meknes (Mo- 20 

rocco), in pre-cleaned amber glass vials (20 mL). The wastewater samples vials were filled 21 

and quickly transferred to the laboratory for storage at 4°C until analysis. The samples 22 

were used directly to avoid degradation and consequent changes in properties. A vortex 23 

apparatus was used to homogenize the sample before analysis. 24 

2.2. Aparatus  25 

A potentiostat (Palmsens3) interfaced to a computer and operated by PS-Trace soft- 26 

ware was employed for all electrochemical characterizations. Hence, the screen-printed 27 

gold electrode (Au-SPE) were connected to the Palmsens3 by means of a junction box. As 28 

transducer, the Au-SPE electrode was used, consisting of a gold working (0.19 cm2) and 29 

counter electrode (0.54 cm2) as well as silver reference electrode. The electrodes were pur- 30 

chased from Sigma Aldrich, Spain. 31 

2.3. Synthesis of the MIP Sensors 32 

For the elaboration of the MIP sensor, the working area of the bare Au-SPE was 33 

cleaned by washing with ethanol (99.95 %) and distilled water. The PVC-COOH was dis- 34 

solved in 1,4-dioxane at 40°C. Thus, 30 µL of a PVC-COOH solution, at 8.8 mg/mL in 1,4- 35 

dioxane is dropped onto the working Au-SPE, and was incubated for 90 min at room tem- 36 

perature. Afterward, to activate the –COOH groups of the resulting Au-SPE/ PVC-COOH, 37 

30 µL of aqueous solution containing 4 mg/mL of EDC and 1 mg/mL of NHS, was incu- 38 

bated for 90 min [11]. The EDC and NHS molecules, which did not react, were removed 39 

by rinsing thoroughly with distilled water. In following, 30 µL of the TCS standard solu- 40 

tion (1 mg/mL in methanol) was deposited on the electrode for 3 h at 4°C in order to allow 41 

TCS molecules binding with activated –COOH groups of the PVC-COOH film [12]. Then, 42 

the unbounded templates were removed by rinsing with the PBS buffer (pH = 7.4). The 43 

Au-SPE/ PVC-COOH/TCS electrode was then incubated for 30 min in 30 µL of TRIS solu- 44 

tion (pH = 9) to significantly block no specific sites. Afterward, the polymer solution was 45 

prepared by 11 mg/mL of AAM and 71 mg/mL of NNMBA in PBS. APS (13 mg/mL in 46 

PBS) as polymerization initiator was added to the mixture. Then, a TEMED solution (5 %) 47 

as a catalyst was also added to accelerate the polymerization. From the obtained solution, 48 

30 µL was deposited and incubated onto the working electrode during 5 h at 4°C. Finally, 49 

the TCS imprinted sites were obtained after extracting the template from the polymer by 50 
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using 30 µL of a solution containing a mixture of methanol and acetic acid (7:3, (v/v)) that 1 

was incubated onto the modified surface for 15 min. 2 

2.4. Electrochemical Methods 3 

In the present study, all steps of the modification of the Au-SPE were monitored by 4 

using various electrochemical techniques, namely cyclic voltammetry (CV) and differen- 5 

tial pulse voltammetry (DPV). The electrochemical characterizations were conducted by 6 

using 0.01 M PBS solution (pH 7.2) containing 5 mM [Fe(CN)6]4-/3- as a redox probe [13]. 7 

CV were registered over the potential range of −0.4 to 0.6 V at a scan rate of 30 mV/s. The 8 

DPV technique was used over a potential range of −0.2 to 0.3 V with a scan rate of 50 mV/s. 9 

All measurements were carried out at room temperature (25 °C). 10 

2.5. E-nose Measurement Set-Up 11 

An e-nose system was employed to qualitatively investigate the five wastewater sam- 12 

ples spiked with different TCS concentrations (0.1, 1; 10, 100, and 1000 pg/mL). Before 13 

starting the measurements, a 20 mL sample of water was placed in a 50 mL Erlenmeyer 14 

flask and kept at a temperature of 32 ± 0.5°C. Then the effluent transfer takes place: the 15 

collected volatile compounds are transferred to the sensor matrix. Pure nitrogen gas with 16 

a flow rate of 60 mL/min is used as carrier gas from the headspace to the measuring cell. 17 

The operational system is composed of three parts: the sensor chamber, the sampling sys- 18 

tem, and the data acquisition system as depicted in Figure 1.  19 

 20 

Figure 1. E-nose experimental setup used in these measurements [14]. 21 

This study is conducted using an e-nose based on the use of 6 TGS type gas sensors 22 

whose references and target gases are: TGS 815 (CH4), TGS 821 (H2), TGS 822 (Alcohols, 23 

Xylene and Toluene), TGS 824 (NH3), TGS 825 (H2S) and TGS 842 (methane)  24 

3. Results and Discussion 25 

3.1. Electrochemical Characterization of the MIP Assembly  26 

Figure 2 illustrates cyclic voltammograms of the stepwise MIP sensor elaboration. 27 

After each immobilization, the current amplitude changes showing that the surface of the 28 

electrode is in the process of changing. 29 
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 1 

Figure 2. Cyclic voltammograms of the different stages of MIP sensor assembly. 2 

3.2. MIP Sensor Responses 3 

The corresponding obtained outcomes are depicted in Figure 3a. As TCS concentra- 4 

tions increased, the voltammograms current peaks become slower [15]. 5 

In the other side, the analytical curves between the recorded signals versus Loga- 6 

rithm of the TCS concentrations are represented in Figure 3b. For DPV method, a lower 7 

LOD was found to be 0.23 pg/mL. From these results and a comparison with the literature, 8 

we can conclude that the relevant MIP sensor exhibited a wider range (0.1-1000 pg/mL) 9 

and a lower detection limit. 10 

 11 

Figure 3. (a) DPV curves of synthetic TCS detection; (b) calibration curve. 12 

3.3. Selectivity, Reproducibility, and Repeatability of the MIP Sensor 13 

It is well-known that the selectivity propriety is an important factor for the imple- 14 

mentation of MIP sensors in real sample analysis. Indeed, the outcome proves the excel- 15 

lent selectivity of the MIP sensor for TCS detection. 16 

The reproducibility and repeatability of the MIP sensor was also examined, and the 17 

results were good with a relative standard deviation (RSD) less than 4%. 18 

3.4. Application of the MIP Sensor in Real Samples 19 

To study the practicability of the suggested MIP sensor, it was employed for the elec- 20 

trochemical detection of TCS in the spiked wastewater samples. The obtained results are 21 

outlined in Table 1. The recovery values were above 99% for all samples with an average 22 

RSD less than 6%. 23 
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Table 1. TCS content detection by MIP sensor. 1 

Sample Added (pg/mL) Found (pg/mL) RSD (%) 

Kasba/ 

Meknes  

0.1 0.08 ± 0.02 0.5 

1 1.06 ± 0.12 2.5 

10 9.66 ± 0.32 5.6 

100 98.83 ± 0.45 0.2 

1000 968.45 ± 0.62 3.7 

3.5. Wastewater Samples Spiked with TCS Samples Characterization by E-nose 2 

Wastewater samples spiked with TCS were used for qualitative analysis using the e- 3 

nose system.  4 

The Figure 5 illustrate the variation of the maximum conductance (Gs) as a function 5 

of time of 6 TGS sensors when exposed to different aliquots of spiked Kasba wastewater 6 

sample. We find that all sensors generate a signal that vary heterogeneously when ex- 7 

posed to different concentrations of TCS. Only the TGS 842 sensor shows a homogeneous 8 

variation of the conductance. Roughly speaking, the Gs increase with increasing concen- 9 

trations.  10 

 11 

Figure 5. Variation of the maximum sensor conductance after exposure to different concentrations 12 
of TCS. 13 

The response of each gas sensor to the samples is displayed in Figure 6 using the 14 

radar plot tool. We found that the shape of the radial representations changes with the 15 

variation of the TCS concentration in the sample. 16 

 17 

Figure 6. Radar plots of the e-nose responses toward the six wastewater concentrations (using Gs as 18 
feature). 19 

  20 
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3.6. PLS-R regression Results 1 

PLS-R model was constructed by using all the data without separating them into 2 

training or validation matrices. The correlation is obtained with R = 0.98 between the pre- 3 

dicted concentrations by e-nose and the actual one by MIP sensor as depicted in Figure 7. 4 

This allows us to state that the developed e-nose is capable of accurately predicting TCS 5 

concentrations in environmental samples.  6 

 7 

Figure 7. PLS prediction model of TCS content in wastewater samples by means of MIP sensor ver- 8 
sus e-nose. 9 

4. Conclusion 10 

In summary, a MIP sensor was successfully designed. It revealed to be highly sensi- 11 

tive and selective for the quantitative analysis of TCS over a wide range with a low detec- 12 

tion limit. Moreover, the qualitative analysis performed by the e-nose system was well 13 

carried out, and was applied to spiked wastewater samples with very promising results. 14 

In addition, good calibration between e-nose and MIP sensor using PLS regression was 15 

obtained with a coefficient of correlation (R= 0.98). 16 
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