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ABSTRACT 

Thiabendazole is a benzimidazole class drug that is widely used due to its vermifugal and 

fungicidal properties. The present study investigates the behaviour of TBZ in the A and B 

horizons of a Red-Yellow Latosol typical of southern Minas Gerais State, Brazil. Adsorption 

and desorption assays were performed under different pH conditions (3.0, 4.2-5.1, and 

8.5) and a leaching study was conducted using soil columns. The results demonstrated 

that the behaviour of TBZ in the soil was influenced by the pH, soil organic matter and 

clay content. The Freundlich constants  indicated that the adsorption capacities for 

horizons A and B were high (50-149 mg1-1/n.L1/n.kg-1) and low (0-24 mg1-1/n.L1/n.kg-

1), respectively. The leaching study results indicated that for both horizons, TBZ presented 

higher sorption in the initial fractions of the column (0-2 cm), and that the B horizon had a 

lower adsorption capacity, compared to the A horizon.  
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RESUMO 

O tiabendazol é um medicamento da classe benzimidazois amplamente utilizado devido às 

suas propriedades vermífugas e fungicidas. O presente estudo investiga o comportamento 

da TBZ nos horizontes A e B de um Latossolo Vermelho-Amarelo típico do sul de Minas 
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 Gerais, Brasil. Os ensaios de adsorção e dessorção foram realizados sob diferentes 

condições de pH (3,0, 4,2-5,1 e 8,5) e o estudo de lixiviação foi realizado utilizando 

colunas de solo. Os resultados demonstraram que o comportamento da TBZ no solo foi 

influenciado pelo pH, conteúdo de matéria orgânica e teor de argila do solo. As constantes 

de Freundlich indicaram que as capacidades de adsorção para os horizontes A e B foram 

altas (50-149 mg1-1/n.L1/n.kg-1) e baixas (0-24 mg1-1/n.L1/n.kg-1), respectivamente. 

No estudo de lixiviação o TBZ apresentou maior sorção nas frações iniciais da coluna (0-2 

cm), em ambos os horizontes. Além disso, o horizonte B apresentou menor capacidade de 

adsorção em comparação ao horizonte A, indicando maior mobilidade do TBZ neste perfil 

do solo. 

Palavras-chave: Isotermas de adsorção e dessorção; Benzimidazol; Solo. 

 
 

1 INTRODUCTION 

Thiabendazole (TBZ) (2-(4-thiazolyl)-1H-benzimidazole) (Figure 1), a member of 

the benzimidazole class of compounds, was the first anthelmintic to be marketed.  

Benzimidazoles are extensively used as veterinary drug (VD) due to their broad spectrum 

of action in animals as well as in humans and are considered emerging contaminants. In 

addition to use as an antiparasitic, TBZ is also widely employed in agriculture as a 

fungicide applied to a wide range of fruits and vegetables, before and after harvest 

(EKMAN et al. 2014; JALALI; DORRAJI, 2014). TBZ acts in the inhibition of specific 

proteins that compose the parasite microtubules, compromising formation of the 

cytoskeleton that is crucial for several cellular processes, hence causing the death of the 

parasite (BÁRTÍKOVÁ et al. 2016; BARRÈRE et al. 2012). 

 

Figure 1 – Molecular structure of TBZ 
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 TBZ is a polar organic compound slightly soluble in water. Some of the 

physicochemical properties of the TBZ are listed in Table 1. Furthermore, due to TBZ 

ionisation capacity, it can be found in three different forms; cationic, neutral and anionic; 

according to the pH value of the medium (EUROPEAN COMMISSION, 2001). 

 

Table 1 – Physicochemical properties of TBZ 

Molecular formula C10H7N3S 

Molecular Mass 201.3 g.mol-1 

Water solubility 

(20°C) 

pH 4: 160 mg.L-1 

pH 7: 30 mg.L-1 

pH 10: 30 mg.L-1 

 

pKa 

 

pKa1: 2.5 

pKa2: 4.7 

pKa3: 12.0 

log Kow  2.47 

Half-life in soil 403 days 

 

As many VD, after contact with the soil, it can undergo processes such as 

evaporation, photolysis, and transport in surface runoff. Adsorption can lead to chemical 

or biological degradation of the VD, uptake by plants, or leaching (OLIVEIRA JR; 

REGITANO, 2009). The fate of a VD in the soil depends on factors including the physical 

and chemical properties of the soil, mineralogy, organic matter (OM) content, pH, clay 

content, temperature, and cation exchange capacity (CEC) (SARMAH et al. 2006). 

Comprehend the dynamics of VDs in the soil is important for the evaluation of the 

environmental impact of their use (DIONISIO; RATH, 2016). 

Several studies have described the antimicrobial and antiparasitic behaviour of TBZ 

in the soil (RATH et al., 2016; DORETTO et al. 2014; DIONISIO; RATH, 2016; VIEIRA et 

al. 2017). The sorption of TBZ has been investigated using four different soils commonly 

found in São Paulo State (OLIVEIRA NETO et al. 2017). However, there have been no 

studies reported in the literature using soils from the southern region of Minas Gerais 

State. Therefore, the aim of the present study was to determine the adsorption and 

desorption coefficients and leaching capacity of TBZ in the A and B horizons of a Red-

Yellow Latosol (Oxisol) from State of Minas Gerais, Brazil.  
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 2 EXPERIMENTAL  

2.1 Chemicals 

Thiabendazole (CAS 148-79-8, 99.23%) was obtained from Dermadia Manipulação 

(Pouso Alegre, Minas Gerais, Brazil). Calcium chloride (99.0-105.0%) was from Synth 

(Diadema, São Paulo, Brazil). All solutions were prepared using ultrapure water obtained 

from a Milli-Q system (Millipore). 

 

2.1 Soil samples 

The soil samples were collected in Itajubá, Minas Gerais State, Brazil (22°24’48.6”S, 

45°26’15.8”W), from horizons A (50 cm depth) and B (75 cm depth). The soils were air-

dried for 7 days, sieved (particle size ≤2 mm), and stored at room temperature. The 

physical and chemical characteristics of the soils were determined following procedures 

established by Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA, 1997). 

 

 

3 ANALYTICAL METHOD 

Determination of the concentration of TBZ in aqueous solution was carried out by 

molecular absorption spectrometry, using a Varian Cary 50 instrument operated at λ = 

299 nm (Oliveira Neto et al. 2017). The analytical method was validated by determining 

the selectivity, linearity, accuracy, robustness, limit of detection (LOD), and limit of 

quantification (LOQ) (RIBANI et al. 2004; ANVISA, 2003). 

 

 

4 ADSORPTION STUDIES 

The procedures used for investigation of the adsorption and desorption of TBZ by 

the soil samples followed OECD guideline 106 (OECD, 2000). The tests were performed in 

50 mL polypropylene Falcon tubes, using 0.5 and 1.0 g of soils from horizons A and B, 

respectively, and 25 mL of a solution of TBZ at different concentrations (6.0, 9.0, 12.0, 

15.0, 21.0, and 24.0 mg.L-1), prepared in 0.01 mol.L-1 CaCl2. The pH was adjusted using 

solutions of NaOH or HCl and the suspensions were maintained under agitation at 120 

rpm, in the dark. Control solutions were prepared without the addition of soil. After 24 h, 

the suspensions were centrifuged, filtered through 0.45 μm pore size membranes 
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 (Química Moderna), and the TBZ concentrations were determined. All the experiments 

were performed in triplicate.  

For the desorption study, 25 mL of 0.01 mol.L-1 CaCl2 solution were added to the 

Falcon tubes containing the solid residues remaining from the adsorption study. The pH 

values were adjusted and the suspensions were maintained under agitation at 120 rpm for 

48 h (twice the adsorption period), followed by centrifugation, filtration, and quantification 

of the desorbed TBZ (EMBRAPA, 1997; OECD, 2000). 

 

 

5 LEACHING EXPERIMENTS 

PVC tubes (30 cm height, 9.5 cm internal diameter) were used for the soil columns. 

Plastic grids (2.0 mm mesh size) were placed at the bases of the tubes, followed by 

addition of the soil samples, leaving a 5 cm space between the surface of the soil column 

and the top of the PVC tube. A 0.1 g mass of TBZ was placed on the top of the soil 

column and rain water was then added at rates that were in accordance with the 

precipitation volume reported for Itajubá by Mello et al. (2007) for the months of the 

study (August and September of 2015). At the end of each period of rain simulation (after 

7, 14, 21, and 28 days), three columns of each soil horizon were left at room temperature 

until complete dryness, followed by division of the soil columns into 2.0 cm sections. The 

soil portions were sieved to a particle size smaller than 2 mm and masses of 0.5 g were 

used to study the desorption of TBZ, as described above. 

 

 

6 RESULTS AND DISCUSSION 

6.1 TBZ determination by UV spectrophotometry 

The satisfactory linearity of the spectrophotometric method was confirmed by a 

linear regression coefficient (R2) of 0.9999. The limits of detection and quantification were 

0.17 and 0.58 mg.L-1, respectively. The accuracy of the method was determined by the 

recovery technique, resulting in a value of 100%. 

 

6.2 Soil characterization 

The soils from the A and B horizons consisted mainly of clay and presented acidic 

pH in 0.01 mol L-1 CaCl2 solution (Table 2). Due to its higher contents of organic matter 
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 and clay, the A horizon showed a higher cation exchange capacity (CEC), compared to the 

B horizon. The cation exchange capacity is highly correlated with the presence of organic 

carbon and clay minerals, as reported by Soares and Alleoni (2008) who found that 95% 

of the CEC in Oxisols was due to the contribution of the organic carbon content. 

 

Table 2 – Physical and chemical characteristics of the soils 

Property A Horizon B Horizon 

pH (in 0.01 mol L-1 CaCl2) 

Organic matter (OM) (% w/w) 

Cation exchange capacity (CEC) (cmolc dm-3) 

Texture (%) 

Sand 

Silt 

Clay 

4.2 

1.72 

2.37 

 

32.8±0.12 

13.4±2.4 

53.8±2.52 

5.1 

0.17 

0.28 

 

33.9±0.87 

28.1±1.67 

38.0±1.34 

 

6.3 Adsorption studies 

Tests of different soil/solution ratios for use in the adsorption study showed that 

the best results were obtained using ratios of 1/50 (w/v) and 1/25 (w/v) for the soils from 

horizons A and B, respectively. These ratios resulted in adsorption percentages higher 

than 50%, as recommended by OECD (2000). In addition, the TBZ concentrations 

obtained after the adsorption/desorption processes were higher than the LOQ. 

 

6.4 Sorption/desorption isotherms 

The experimental adsorption and desorption data for the soils from horizons A and 

B were fitted using the Freundlich and Langmuir isotherm models. The comparison 

between both isotherm models, using the A horizon without pH adjustment, showed that 

the linear correlation coefficients for the Langmuir model (R2
ads 0.9850 and R2

des 0.8565) 

(Figure 2) were not as good as for those obtained for the Freundlich isotherm (R2
ads 

0.9953 and R2
des 0.9560) (Figure 3).  
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 Figure 2 - Linearized Langmuir isotherms for the adsorption and desorption of TBZ in the A 

horizon of the Red-Yellow Latosol without pH adjustment 

 
 

Therefore, the data presented were adjusted using just the Freundlich model 

(Figures 3 and 4, respectively). Table 3 provides the Freundlich coefficient (KF), 1/n, and 

R2 values obtained for the soil. 

 

Figure 3 – Linearized Freundlich isotherms for the adsorption (a) and desorption (b) of 

TBZ in the A horizon of the Red-Yellow Latosol, under different pH conditions 

 
(a) 
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(b) 

 

Figure 4 – Linearized Freundlich isotherms for the adsorption under different pH conditions 

(a) and desorption at pH 3.0 (b) of TBZ in the B horizon of the Red-Yellow Latosol 

 
(a) 
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(b) 

 

Table 3 – Comparison of adsorption indexes (KF, mg1-1/n L1/n kg-1), Freundlich exponents 

(1/n), and linearized correlation coefficients (R2) for horizons A and B of the Red-Yellow 

Latosol 

A Horizon 

pH conditions 
KF 1/n R2 

Ads Des Ads Des Ads Des 

3.0 162.7 173.94 0.5863 0.7445 0.9903 0.9715 

4.0 – 4.5 144.9 200.2 0.5523 0.336 0.9953 0.9560 

8.0 – 8.5 71.33 61.5 0.7838 0.9676 0.9118 0.7826 

B Horizon 

pH conditions 
KF 1/n R2 

Ads Des Ads Des Ads Des 

3.0 8.93 668.70 1.749 1.071 0.9599 0.9745 

4.0 – 4.5 24.99 - 1.0002 - 1.0 - 

8.0 – 8.5 16.33 - 1.1875 - 0.4710 - 

 

According to the classification of adsoprtion capacity from the Instituto Brasileiro do 

Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA), and based on Freundlich 

constants (KF) determined in different pH conditions, the adsorption of TBZ in A and B 

horizon was considered high (between 50 - 149 mg1-1/n L1/n kg-1) and low (between 0 - 24 

mg1-1/n L1/n kg-1), respectively. The high adsorption of TBZ in the A horizon soil could be 
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 explained by the ionisation capacity of TBZ under different pH conditions and due to the 

higher MOS and clay mineral in the A horizon. According to Oliveira Jr and Regitano 

(2009) the adsorption of molecules with basic character is due to electrostatic interactions 

with components of the organic matter, since the composition of SOM includes humic 

substances that can present negative charge balance under certain pH conditions. In 

addition to these interactions, other possible mechanisms of adsorption are cationic 

exchange and hydrogen interactions between the benzimidazole and the humic SOM 

components and clay minerals. 

The sorption studies with the A horizon soil indicated a greater adsorption capacity 

at pH 3.0 (KF Ads = 162.7 mg1-1/n.L1/n.kg-1; KF Des = 173.94 mg1-1/n.L1/n.kg-1). This could be 

attributed to the higher contribution of the cationic form of TBZ at this pH (93%), 

resulting in electrostatic interactions between TBZ and the SOM and clay mineral 

components of the soil.25 At the other pH values studied, there were also contributions 

from hydrogen bonding and Van der Waals interactions. A lower adsorption capacity was 

observed under basic conditions (pH 8.0-8.5) (KF Ads = 71.33 mg1-1/n.L1/n.kg-1; KF Des = 61.5 

mg1-1/n.L1/n.kg-1), when the neutral form of TBZ is predominant (99%). In this case, a 

possible mechanism of adsorption was the existence of hydrophobic interactions between 

TBZ and SOM, since the TBZ molecule contains lipophilic groups in its structure (benzyl 

ring) and is only slightly soluble at basic pH (OLIVEIRA NETO et al. 2017). 

The B horizon soil showed low adsorption capacities under different pH conditions, 

which could be attributed to low contents of the organic matter and clay minerals that are 

important in the sorption process (SOARES; ALLEONI, 2008). For this horizon, the highest 

adsorption was observed at pH 4.0-4.5 (KF Ads = 24.99 mg1-1/n.L1/n.kg-1), at which TBZ can 

be found in both the cationic (63%) and neutral (37%) forms.  

TBZ is a polar ionisable organic compound (pKa1: 2.5; pKa2: 4.7; pKa3: 12.0) that is 

slightly soluble in water (160 mg.L-1 at pH 4.0; 30 mg.L-1 at pH ≥7.0) [26]. Furthermore, 

the ionisation capacity of TBZ means that it can be found in different ionic forms, 

depending on the pH (EUROPE COMMISSION, 2001). 

Oliveira Neto et al. (2017) studied the TBZ adsorption in different soils from São 

Paulo State and observed a low to moderate adsorption, depending on the pH conditions. 

Higher adsorption and desorption capacities (KF Ads = 58 mg1-1/n.L1/n.kg-1; KF Des = 73 mg1-

1/n.L1/n.kg-1) were observed for soil with higher contents of clay (54.6%) and OM (2.88%), 

under acidic conditions (pH 3.8-4.2). Soil with a greater sand component and lower 

organic matter content showed lower adsorption and desorption capacities for TBZ (KF Ads 
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 = 9 mg1-1/n.L1/n.kg-1; KF Des = 10 mg1-1/n.L1/n.kg-1), at pH 5.5-5.7. El-Nahhal (2014) also 

studied the influence of pH on the TBZ adsorption process in clay minerals (bentonite clay) 

and showed that an acidic pH (pH 3.0) was more favourable for adsorption, compared to 

conditions with higher pH (pH 5.5-9.0). Zahra et al. (2017) determined Linear and 

Freundlich coefficients and kinetics of TBZ in different agricultural soils of Pakistan. The 

authors observed that the values of adsorption coefficients increased with the increase of 

SOM, CEC and clay content of the soils. The influence of soil pH on the sorption process 

was also evaluated and results were that soils with lower values of pH showed higher 

values of adsorption coefficients and lower values desorption coefficients. 

In the present study, the non-equivalence of the adsorption and desorption 

isotherms in horizon A indicated that TBZ sorption onto the soil is a reversible process and 

that part of the adsorbed TBZ can be released into the soil solution. The desorption 

isotherms showed that TBZ was partially desorbed from the A horizon soil, with recovery 

in the range of 15% and 25%. Therefore, these results showed a partial mobility of TBZ in 

this soil, indicating that the compound could undergo processes such as biodegradation or 

transport to aquatic environments.  

The studies performed with the B horizon soil indicated that the TBZ sorption 

process was only reversible at pH 3.0, with 32% desorption for the sample that presented 

the highest adsorption. In the experiments carried out at pH 4.0-4.5 and pH 8.0-8.5, it 

was not possible to determine the percentage desorption, because the final concentrations 

were below the LOQ of the analytical method. This could have been due to irreversible 

binding of TBZ to the sorption sites, or to difficulty in attaining stable equilibrium 

conditions. 

 

6.5 Leaching experiments 

The results of the leaching experiments indicated that for the soils from both 

horizons, there was higher sorption of TBZ in the initial fractions of the column (0-2 cm). 

For the A horizon soil, TBZ was quantified in the soil solutions obtained for all the column 

sections (0-18 cm), with the concentration decreasing according to depth (Figure 4). In 

the case of the B horizon soil, TBZ could only be quantified in the first 10 cm of the soil 

column, because the TBZ concentrations in the soil fractions lower than 10 cm were below 

the LOQ of the analytical method (Figure 5).  
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 Figure 4 – Leaching of TBZ in the A horizon of the Red-Yellow Latosol during a 21-day 

period 

 
 

Figure 5 – Leaching of TBZ in the B horizon of the Red-Yellow Latosol during a 21-day 

period 
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 The lower adsorption capacity of the B horizon soil could be explained by the lower 

contents of organic matter and clay, compared to the A horizon, which resulted in weaker 

interactions between TBZ and the soil components.  

 

 

7 CONCLUSIONS 

The results indicated that the adsorption of TBZ in the soil was influenced by the 

pH, because the TBZ molecule can exist in different ionisable forms. The 

sorption/desorption process was fitted using the Freundlich model, and it was observed 

that at more acidic pH, adsorption of the compound on the soil surface was due to 

electrostatic interactions between the cationic form of TBZ and the SOM and clay soil 

components. The sorption processes in the soils from the two horizons were dissimilar, 

because the contents of organic matter and clay minerals were different.  

In the leaching study, greater adsorption of TBZ was observed in the upper portions 

of the columns, for both horizons studied. Due to the lower sorption capacity of the B 

horizon soil, TBZ was only slightly adsorbed in the 10-18 cm soil fractions and could not be 

quantified in the soil solutions obtained after the desorption process.  
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