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ABSTRACT: Benzimidazoles are bioactive compounds which display a wide range of therapeutic 

activities. Although greatly metabolized by first pass effect when drug use is concerned, benzimidazole 

presence in industrial wastewater and soil is a common occurrence, which lifts concerns about their 

environmental hazards. Since activated charcoal (Ac) adsorption is a widely used method for pollutants 

remediation, information regarding adsorption processes in both disperse matrixes and adsorbant surface 

may be noteworthy to provide a better understanding on drug removal dynamics. The aim of this work 

was therefore, to provide the first report regarding the voltammetrical study of benzoimidazole 

adsorbates, namely Albendazole (AL) and Mebendazole (MB), on Ac dispersions and Ac modified 

electrode surface. AL and MB were assessed in liquid and solid phase by differential pulse voltammetry 

using Ac modified electrode. The results showed that AL overall concentration in liquid media was 

almost akin to that of solid phase, whereas for MB, adsorbate concentration was significantly higher 

than in solution, which is justified by MB chemical structure. These findings indicate that AcCPE may 

be a viable option to study benzimidazole adsorbates. 
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1. INTRODUCTION 

Benzimidazoles are bioactive compounds which display a wide range of therapeutic activities. 

Amongst their main representatives are drugs such as albendazole (AL) and mebendazole (MB), 

whose anti-parasitical proprieties turn them into widely used medicines in developing countries. 

Hence high demand, benzoimidazole production is a thriving field, which lifts concerns about their 

potential environmental impacts [1-2-3]. Although greatly metabolized by first pass effect when 

drug use is concerned, benzimidazole presence in industrial wastewater and soil is a common 

occurrence. Since such compounds exhibit high stability and are prone to interact with non-targeted 

ecological receptors, their remediation in both urban and industrial effluents is of upmost importance 

[4-5-6]. Amongst the different methods employed for wastewater contaminants remediation, 

adsorption processes are valuable due to their low cost and practicality. Moreover, these methods 

are versatile, as a plethora of different adsorptive matrixes can be employed in order to reach an 

optimal remediation level. Some matrixes such as activated charcoal (Ac) are capable of electric 

conduction, which henceforth allows the use of electrochemical methods as voltammetry to 

determine adsorbate concentration instead of only liquid phase assessment [6-7-8]. Voltammetry is 

unique for drug and contaminant studies, due to the high selectivity displayed by this method 

towards electroactive analytes determination. Nonetheless, sensitivity can be further improved 

through the use of different electrode matrixes. Ac electrodes are valuable hence their adsorptive 

proprieties, which can be used to provide data from both adsorbates in solid phase and bulk fluid 

phase. This concomitant detection allows better inferences towards mass transfer processes [9-10-

11]. Since information regarding adsorption processes in both disperse matrixes and electrode 

surface is noteworthy to provide a better understanding on drug removal dynamics, the aim of this 

work is to provide the first report regarding the voltammetrical study of benzoimidazole adsorbates, 

namely AL and MB, on Ac dispersions and Ac modified electrode surface. 

2. MATERIALS AND METHODS 

Samples and Reagents 

All electrolyte salts, solvents and reagents were of analytical grade. Ac, graphite powder and mineral 

oil were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Electrolyte solutions were 

prepared with double distilled Milli-Q water (conductivity ≤ 0.1 µS cm-1) Millipore S. A., Molsheim, 

France. AL and MB were donated by Pharmacy School Drugstore of Federal University of Goias, 

Goiânia-GO, Brazil. All standard solutions were prepared to render 1 mM stock solutions. 

Electrode Preparation 

In order to conduct voltammetric assays, an Ac carbon paste electrode (AcCPE) was constructed. 

Therefore, 90 mg of unmodified graphite powder was mixed with 10 mg Ac and 30 mg mineral oil, 

herein used as agglutinating agent. A carbon paste electrode (CPE) was made in order to serve as 
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control. CPE production process was undergone by mixing 100 mg of unmodified graphite powder 

with 30 mg of mineral oil.  

Voltammetric Assays 

Voltammetric experiments were carried out in a potentiostat/galvanostat Autolab III® integrated to 

the GPES 4.9® software, Eco-Chemie, Utrecht, Netherlands. The measurements were performed in 

a 1.0 mL one-compartment/three-electrode system electrochemical cell consisting of either CPE or 

AcCPE both 3 mm diameter, a Pt wire and Ag/AgCl/KClsat electrode (Lab solutions, São Paulo, 

Brazil), representing the working electrode, the counter electrode and the reference electrode, 

respectively. The experimental conditions for Differential Pulse Voltammetry (DPV) were: pulse 

amplitude 50 mV, pulse width 0.5 s, scan rate 10 mV.s-1 and scan range of 0 to +1.0 V. The 

voltammetric assays were performed in 0.1 M phosphate buffer solution (PBS), at pH 7.0. DP 

voltammograms were background-subtracted and baseline-corrected to provide better data 

visualization, and all data was analyzed and treated with Origin 9® software. 

Adsorption Study of AL and MB in Ac Aqueous Suspension 

In order to better understand AL and MB adsorption on Ac aqueous suspension, an adsorption assay 

was conducted. The test was based in the preparation of 5 treatment solutions for each drug, namely 

t0, t15, t30, t60 and t120. Each treatment solution corresponded to a specific time in minutes in 

which 10 mg Ac was suspended and left to adsorb the analyte. The solution was composed by 10 

mL of PBS pH 7.0 and 50 µL of either AL or MB stock solutions (1 mM), leading to a final 

concentration of 5 µM. The final solid phase/ bulk fluid phase proportion for all experiments was 

1:1 (w/v). To determine the concentration of each analyte adsorbed on Ac or present in bulk fluid 

phase, tests concerning solution and solid phase analysis were performed. After each given times, 

the solutions were filtrated in qualitative filter paper (Unifil, São Paulo, Brazil) and 1 mL of each 

filtrated was analyzed by DPV using AcCPE. The solid phase composed by analytes adsorbed on 

Ac was left to dry for 4 hours at 25  2°C, and then, 5 mg of this material was employed to produce 

AcCPE with 15 mg unmodified graphite powder and 5 mg mineral oil. This analyte containing 

electrode was then used to determine adsorbates concentration through DPV on 1 mL 

electrochemical cell filled with PBS solution pH 7.0. 

Adsorption Study of AL and MB in AcCPE surface 

To comprehend AL and MB mass transfer processes on both CPE and AcCPE surfaces, an electrode 

surface adsorption assay was conducted. The test was based in the preparation of 5 treatment 

solutions for each drug, namely t0, t15, t30, t60 and t120. Each treatment solution corresponded to 

a specific time in minutes in which the electrodes were immersed in solution, and left to adsorb the 

analyte. The solution was composed by 10 mL of PBS pH 7.0 and either AL or MB enough to a final 

concentration of 1 mM. After each given time, the analyte containing electrode was left to dry for 
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15 minutes, and then used to determine electrode surface adsorbates concentration through DPV on 

1 mL PBS pH 7.0 electrochemical cell. 

3. RESULTS AND DISCUSSION 

Adsorption Study of AL and MB in Ac Aqueous Suspension 

Compounds adsorption in matrixes such as Ac is a complex phenomenon, hence factors regarding 

analyte chemical structure, concentration, mass transfer processes and available bonding sites in 

adsorbent may interfere mid analysis, henceforth relative percentages concerning original 

concentration may not fit accordingly to removal rates [12-13-14]. For first assay, standard curves 

concerning AL and MB were performed (Figure 1. A, B, C and D), and AL and MB relative 

percentages concerning fluid phase original concentration were compared (5 M) (Figure 2.A and 

B). 

 

Figure 1.A. Standard curve of Albendazole (r2 = 0.990) through DPV. Insert. DP voltammograms 

of Albendazole solutions (a  h) at following concentrations: 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 and 

0.35 M. B. Standard curve of Mebendazole (r2 = 0.984) through DPV. Insert. DP voltammograms 

of Mebendazole solutions (a  h) at following concentrations: 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 and 

0.35 M Pulse amplitude 50 mV, pulse width 0.5 s and scan rate 10 mVs-1. All analysis carried out 

in 0.1 M PBS, pH 7.0 at AcCPE. 

 

http://www.rjlbpcs.com/


Thomaz et al  RJLBPCS 2018          www.rjlbpcs.com      Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 May - June RJLBPCS 4(3) Page No.160 

 

 

 

Figure 2.A. Depiction of AL detected in solution (light grey) and in activated charcoal (dark grey) 

at given times. B. Depiction of MB detected in solution (light grey) and in activated charcoal (dark 

grey) at given times. 

The results showed that AL overall concentration in liquid media was almost akin to that of solid 

phase, whereas for MB, adsorbate concentration was significantly higher than in solution. These 

findings suggest therefore higher affinity between MB and solid phase, which can be attributed to 

MB molecules interaction with Ac [15-16-17]. Moreover, AL concentrations in solution presented 

little change from t15 to t120, hence suggesting Ac bonding sites saturation (Figure 2.A). Such trend 

was not followed on MB, whose concentrations in solution rose in the same interval, thus implying 

mass transfer processes on available bonding sites (Figure 2.B) [18-19-20]. 

Adsorption Study of AL and MB in AcCPE surface 

Adsorption is greatly influenced by contact surface and adsorbent matrix constitution, which 

therefore implicates that, different electrode matrixes may display distinct adsorption profiles. Thus, 

an adsorption study was conducted to evaluate AL and MB interaction with electrode matrix surface 

(Figure 3.A and B). 

 

Figure 3.A. Depiction of Albendazole adsorbates detected in CPE and AcCPE at given immersion 

times in 0.1mM Albendazole solution. B. Depiction of Mebendazole adsorbates detected in CPE 
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and AcCPE at given immersion times in 0.1mM Mebendazole solution. Pulse amplitude 50 mV, 

pulse width 0.5 s and scan rate 10 mVs-1. All analysis carried out in 0.1 M PBS, pH 7.0 at CPE and 

AcCPE. 

Results indicate clearly that MB exhibits higher affinity towards electrode matrix (Figure 3.B). 

These findings are in consonance with literature hence MB chemical structure presents a terminal 

aromatic core prone to be adsorbed on carbon containing matrixes [21-22-23]. Although AL and 

MB structures are pretty similar due to the presence of the same pharmacophore, the presence of a 

terminal aliphatic chain in AL structure may hinder adsorption, thus culminating in the profiles seen. 

Furthermore, it can be hinted that activated charcoal removal may be a viable option to promote the 

remediation of benzimidazoles [24-25]. 

4. CONCLUSION 

It is well reported in literature that Ac containing matrixes may display different removal isotherms 

according to system physicochemical features and compounds chemical structures. Therefore, the 

trends herein exhibited by both AL and MB are in consonance with literature. Moreover, MB 

presented higher affinity towards Ac matrix, hence its terminal aromatic moiety. Results indicate 

that AcCPE may be a viable option to study benzimidazole adsorbates. 

5. CONFLICT OF INTEREST 

Authors declare no conflict of interest. 

REFERENCES 

1. Salahuddin Shaharyar M, Mazumder A. Benzimidazoles: A biologically active compounds, Arab 

J Chem, 2017, 10(1): S157-S173. 

2. Scott TM, Phillips PJ, Kolpin DW, Colella KM, Furlong ET, Foreman WT, Gray JL, 

Pharmaceutical manufacturing facility discharges can substantially increase the pharmaceutical 

load to U.S. wastewaters, SciTot Env, 2018, 636: 69-79. 

3. Song Z, Ma YL, Li CR, Xu M, Removal of tetracycline residue from pharmaceutical wastewater 

by using 3D composite film, Chem Eng Jour, 2018, 348: 898-907. 

4. Kim HJ, Lee DS, Kwon JH. Sorption of benzimidazole anthelmintics to dissolved organic matter 

surrogates and sewage sludge, Chemosphere, 2010, 80(3): 256-262. 

5. Shen J, Huang G, An C, Xin X, Huang C, Rosendahl S, Removal of Tetrabromobisphenol A by 

adsorption on pinecone-derived activated charcoals: Synchrotron FTIR, kinetics and surface 

functionality analyses, Biores Techn, 2018, 247: 812-820. 

6. Kreuzig R, Blumlein K, Holtge S. Fate of the benzimidazole antiparasitics flubendazole and 

fenbendazole in manure and manured solis. Clean Soil Air Water, 2007, 35: 488-494. 

7. Guo L, Wang Y, Zhang L, Zeng Z, Dong W, Guo Q, The temperature dependence of adsorption 

coefficients of 222Rn on activated charcoal: an experimental study, Appl Rad Iso, 2017, 125: 

http://www.rjlbpcs.com/


Thomaz et al  RJLBPCS 2018          www.rjlbpcs.com      Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 May - June RJLBPCS 4(3) Page No.162 

 

 

185-187. 

8. Atta-Politou J, Skopelitis I, Apatsidis I, Koupparis, I. In vitro study on fluoxetine adsorption 

onto charcoal using potentiometry, Eur J Pharm Sci, 2001, 12(3): 311-319. 

9. Mor S, Chhoden K, Negi P, Ravindra K, Utilization of nano-alumina and activated charcoal for 

phosphate removal from wastewater, Env Nanotech Monit Manag, 2017, 7:15-23. 

10. Carmalin SA, Lima EC. Removal of emerging contaminants from the environment by 

adsorption, Ecotox Environ Safety, 2018, 150: 1-17. 

11. Bernal M, Ruiz, Geanta RM, Benito JM, Escudero I, Colour removal from beet molasses by 

ultrafiltration with activated charcoal, Chem Eng Jour, 2016, 283: 313-322. 

12. Gil ES, Macedo IYL, Garcia LF, Souza AR, Silva AML. Differential Pulse Voltammetric 

Determination of Albendazole and Mebendazole in Pharmaceutical Formulations Based on 

Modified Sonogel Carbon Paste Electrodes with Perovskite-Type LaFeO Nanoparticles. J 

Electrochem Soc ,  2016, 163: B428-B434. 

13. Roy S, Das P, Sengupta S, Manna S, Calcium impregnated activated charcoal: Optimization and 

efficiency for the treatment of fluoride containing solution in batch and fixed bed reactor, Proc 

Saf Environ Prot, 2017, 109:18-29. 

14. Sircar S. Adsorbate mass transfer into porous adsorbents – A practical viewpoint, Sep Pur Tech, 

2018, 192: 383-400. 

15. Shah SS, Ahmad I, Ahmad W, Adsorptive desulphurization study of liquid fuels using Tin (Sn) 

impregnated activated charcoal, Jour Haza Mat, 2016, 304: 205-213. 

16. Popa N, Visa M. The synthesis, activation and characterization of charcoal powder for the 

removal of methylene blue and cadmium from wastewater, Adv Powder Tech, 2017, 28(8): 

1866-1876. 

17. Sircar S, Adsorbate mass transfer into porous adsorbents – A practical viewpoint, Separation and 

Purification Technology, 2018, 192: 383-400. 

18. Lian Z, Liang Z, Wang J. Selective extraction and concentration of mebendazole in seawater 

samples using molecularly imprinted polymer as sorbent, Mar Pollut Bullet, 2015, 91(1): 96-

101. 

19. Iqbal MJ, Ashiq MN, Adsorption of dyes from aqueous solutions on activated charcoal, Jour 

Hazard Mat, 2007, 139: 57-66, 

20. Yang K, Zhu L, Yang J, Lin D. Adsorption and correlations of selected aromatic compounds on 

a KOH-activated carbon with large surface area. Sci Tol Environ, 2018, 618:1677-1684. 

21. Jonge RJ, Breure AM, Van Andel JG. Reversibility of adsorption of aromatic compounds onto 

powdered activated carbon (PAC), Water Research, 1996, 30(4): 883-892. 

22. Tran HN, Wang YF, You SJ, Chao HP, Insights into the mechanism of cationic dye adsorption 

http://www.rjlbpcs.com/


Thomaz et al  RJLBPCS 2018          www.rjlbpcs.com      Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 May - June RJLBPCS 4(3) Page No.163 

 

 

on activated charcoal: The importance of π–π interactions, Proc Saf Environ Prot, 2017, 

107:168-180. 

23. Mor S, Chhoden K, Negi P, Ravindra K, Utilization of nano-alumina and activated charcoal for 

phosphate removal from wastewater, Env Nanotech, Moni Manag, 2017, 7: 15-23. 

24. Aneheim E, Bernin D, Foreman MRS, Affinity of charcoals for different forms of radioactive 

organic iodine, Nuc Eng Design, 2018, 328: 228-240. 

25. Reddy SR, Pandey NK, Mallika C, Mudali UK, Equilibrium and kinetics of adsorption of 

ruthenium on activated charcoal from nitric acid solutions, Chem Engin Res Design, 2016, 

115(A): 91-97. 

http://www.rjlbpcs.com/

