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Abstract 

 

Water pollution is a concern globally extended due to the need of preserving 

human health and environment. In the search for solutions, residual biomass has 

been used for its decontamination due to easy implementation and low cost. In 

this research, a rapid-mixed biofilter was developed to process 0.75 mL/s of 

greywater contaminated with 93.04 ppm of Linear Alkylbenzene Sulfonate 

(LAS). The removal efficiency, optimal design and operating conditions were 

evaluated. Finally, the performance of the system was modeled by the BSDT and 

Clark breaking curves to determine the saturation time. Results showed a removal 

percentage of 91.27 %. In addition, it was observed that bed height has a positive 

effect on the adsorption due to the increase of active sites. The Clark model was 

the one that best fitted the data which confirms that at long residence times inside 

the column, the concentration at the exit will tend to be significantly reduced. 
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1 Introduction 
 

   The presence and accumulation of chemical contaminants in the aquatic 

environment represent a problem of public health and environment [1], which 
makes it necessary to treat wastewater [2]. The presence of emerging pollutants (EP) 
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in terrestrial and aqueous systems has raised an interest regarding their 

environmental fate and toxicity [3]. These ones comprise a large variety of 

compounds such as surfactants, pesticides, among others. Surfactants are 

discharged into industrial and domestic wastewater by the use of detergents [4] 

and foaming agents. Different treatment technologies have been studied such as 

adsorption, physicochemical treatment or coagulation; however, they must be 

coupled with others to achieve higher performance, implying high operating costs 

[5]. In this sense, the adsorption methods based on lignocellulosic products 

become important due to their sustainable nature and physicochemical 

characteristics [6]. Anionic surfactants removal studies, such as Linear 

Alkylbenzene Sulfonate (LAS), are focused on techniques of combining 

technologies, adsorption using activated carbons or by carbon nanotubes. 

Therefore, the aim of this work is to evaluate the optimal design conditions for the 

performance of a rapid-mixed biofilter using corn leaves and stems to treat 

greywater contaminated with LAS. 

 

2 Materials and Methods 
 

Preparation of Adsorbent Material 

 

Biomasses were washed to remove impurities that could interfere with adsorption. 

Then, they were dried for 4 days at room temperature, followed by size reduction 

and classification in a shaker type sieve, selecting sizes of 0.355 and 1mm. 

 

 

Adsorption Tests in Continuous System: Biofilter Components 
 

The biofilter is a water treatment system which separates particles and 

contaminants present by a porous media. It was evaluated a biofilter composed by 

beach and Palmarito sands (bed height of 72 mm) in a packed column to process a 

0.75 mL/s, as it is shown in Figure 1. They were taken, Beach sand as fine with 

particle sizes from 0.02 to 0.5 mm, Palmarito as the average with particle sizes of 

0.074, 0.149, 0.297 and 1.19 mm, and gravel with a height of 12 mm [7]. The 

equipment in continuous consists of 4 beds in parallel, with an internal diameter 

of 4.4 cm and height of 52.8 cm. Subsequently, the two biomasses were located in 

the column, and its position was varied three times at two heights. The greywater 

solution with a surfactant concentration of 93.04 ppm was put in contact for 5 h at 

room temperature, initially taking samples at 30 minutes and 1 hour until 

completing the stipulated time, keeping the biomass/solution ratio constant [8]. 
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Figure 1. Scheme equipment in continuous system 

 

Influence of the Bed Height and the Biomass Position: Experimental Design 

 

A multilevel factorial experimental design was followed with three position levels 

(lower, middle and upper) and two heights in centimeters (4 and 2), for a total of 

six experiments with corn stems and leaves (biomasses) as an adsorbent bed. 

Then, with the best conditions of height and position, the two biomasses were 

combined inside the filter in order to evaluate the surfactants removal. In this 

stage, only one test with a replica was carried out at the end of the contact time.  

 

Statistical Analysis of Variance (ANOVA) 

 

The variance analysis was carried out to determine the statistical significance of 

biomass position and height bed and them effects on surfactants removal by 

comparing its mean square against an estimate of the experimental error. For this, 

a confidence level of 95 % was established, which means that those effects or 

parameters that have an error (P-value) less than 0.05 are accepted as significant. 

 

Modeling the Breaking Curve 

 

The operation of fixed-bed columns is described by breaking curves. Therefore, 

based on the optimum conditions of height and position obtained, the curve that 

best represents the system behavior was established to determine the efficiency by 

fitting the experimental adsorption data to mathematical models of BDST and 

Clark. The BDST model (Bed Depth Service Time) represented by Equation 1, 

relates the bed height with time, assuming that the speed of removal is controlled 

by the surface interaction between the adsorbate and the adsorbent [9]. In 

Equation 1, No is the dynamic capacity of the bed [mol of adsorbate/L adsorbent], 

Z is the bed height [cm], C0 is the initial concentration [mol/L], Uo is the linear 

velocity of the feed flow of the solution [cm/min], kAD is the adsorption rate 

constant for the mass transfer from the liquid to the solid phase [L/mol.min] and C 

is the concentration at the service time [mol/L]. 
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 =                             (1) 

On the other hand, the Clark model represented by Equation 2, uses a mass 

transfer coefficient in combination with the Freundlich isotherm to define the 

relationship of the breaking curve, where n and A are the values determined from 

the slope and the ordinate to the origin of the line 
1

0ln 1

n
C

C

  
  

   

 vs t, while that r 

is a constant. 

 

 =              (2) 

 

3 Results and Discussion 
 

Adsorption Tests in Continuous System: Biofilter 

 

At the end of the tests, removal percentages of 21.71 and 56.46 % were reached 

using Palmarito and Beach sand. It was found a final surfactant concentration of 

72.84 and 40.51 ppm in the solution with Beach and Palmarito sand, respectively. 

The results obtained with this last could be associated with the smaller particle 

size. Therefore, this sand was used in the following tests. 

 

Influence of the Bed Height and Biomass Position 

 

The main component to carry out the removal in the column is biomass. Figure 2 

represents the LAS removal percentage reached, where it is observed that this 

increases with the bed height. Figure 2 (a) shows that with a high of 4 cm, 

equivalent to 10 g, it is obtained 86.27 % of removal when the biomass is located 

in the middle of the bed, more than twice the value obtained in the batch system 

(40.67 %). Figure 2 (b) shows a similar behavior for corn stems. The maximum 

removal percentage obtained (85.53 %) is 2.5 times higher than the one obtained 

in the batch system (33.71 %); which shows that by joining the components in the 

column the removal will increase. Finally, a test was carried out with the sand 

(upper position), gravel (lower position) and the two biomasses (middle position), 

where the stems were located under the leaves due to it had a better performance 

in this position (removal of 84.24 %). The removal percentage obtained represents 

a higher value (91.27 %) compared to similar studies, such as the case of a plant 

in Ecuador designed for the laundry wastewater treatment (67.00 %) [10]. 
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(a) (b) 

Figure 2. Influence of the biomass position in the LAS adsorption using corn a) 

leaves and b) stems 

 

Statistical Analysis of Variance (ANOVA) 

 

Table 1 represents the ANOVA results for corn leaves and stems, performed using 

the software STATGRAPHICS Centurion XVI.I. It is observed that the position 

(A) and height (B) effects in the LAS adsorption using corn leaves and stems is 

significant (P-value less than 0.05) with a confidence level of 95.00 %. 

 

Table 1. ANOVA analysis for surfactants adsorption in a column with corn 

leaves and stems 

 

Source SS Gl MSE Razón-F Valor-P 

Corn 

Leaves 

A: Position 59.29 1 59.29 14.13 0.0071 

B: Height 32.53 1 32.53 7.75 0.0271 

AB + block 0.61 1 0.61 0.15 0.7131 

Block 1.19 1 1.19 0.28 0.6107 

Total Error 29.37 7 4.19 - - 

Total 123.01 11 - - - 

Corn 

Stems 

A: Position 10.28 1 10.28 1.12 0.3244 

B: Height 69.26 1 69.26 7.57 0.0285 

AB + block 9.18 1 9.18 1.00 0.3500 

Block 1.30 1 1.30 0.14 0.7174 

Total Error 64.08 7 9.15 - - 

Total 154.10 11 - - - 

 

In Figure 3 a, it is observed that for corn leaves, the most influential variable on 

removal is the biomass position; which means that this should be located in the 

column strategically. For both cases, the height of biomass bed has a positive 

effect on the surfactants removal due to the increase of active adsorption sites. 
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(a) (b) 

Figure 3. Pareto diagram for surfactants adsorption in a bed column with corn a) 

leaves and b) stems 

 

Modeling the Breaking Curve 

 

Figure 4 shows that by joining the two biomasses in the column, the breaking 

point is given at 100 and 150 minutes, while the breaking time is projected to 

more than 300 minutes; which means that the filter used will have a useful life of 

more than 5 hours where it will reach the biomass saturation. Likewise, it can be 

seen that the Clark model adjusted the experimental adsorption data better, which 

confirms that at long residence times of the solution inside the column, the 

concentration at the exit will tend to be significantly reduced. 

 

 
 

Figure 4. LAS adsorption breaking curve using corn leaves and stems 

 

Table 2 presents the adjustment parameters obtained for each model evaluated. 

For Clark model, the adjustment of experimental data indicates that during the 

adsorption process, multilayers are formed on the surface of the biomass and 

affinities of adsorption on the surface heterogeneous. In this sense, the adsorbed 

molecules can interact with each other by the distribution and close distance 

between the active binding sites. In addition, the value of the constant n is in the 

range of 1 to 10, which explains a favorable adsorption of the pollutant when 

using the mixed bed of beach sand, gravel, corn leaves and stems [11]. 
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Table 2. Parameters of the modeling of the breaking curve for a fixed-bed based 

on corn leaves and stems 

 

Model Parameter Value 

BDST 

K 0.002 

No 33.97 

Z (cm) 16.4 

U (cm/min) 0.029 

R2 0.9700 

Clark 

A 2.87x106 

r 0.0534 

n 6.0929 

R2 0.9962 

 

Conclusions 
 

In this research, the optimal design conditions for the performance of a rapid 

mixed filter of fixed-bed using corn leaves and stems as biomasses were evaluated 

and determined in order to process 0.75 mL/s of greywater with a surfactant 

concentration of 93.04 ppm. It was found that when leaves and stems are used in 

bed columns packed, the variable with the greatest influence on the adsorption 

process is the bed height, reaching removal rates of 86.27 and 85.53 %, 

respectively, when it is located in the center of it. Also, when using a packed bed 

of beach sand for the filtration process, a removal percentage of surfactant was 

56.46 %. However, when the filter was mixed (beach sand, stems and leaves), a 

removal percentage of 91.27 % was reached. Finally, when evaluating two models 

of breaking curve, it was found that the Clark model is the one that best fits the 

data, which indicates that the surface of the material is heterogeneous, there is the 

formation of multilayers on it and the process is controlled by mass transfer 

between the water contaminated with surfactants and the active sites of the 

adsorbent.  

 

Acknowledgements. Authors thank the University of Cartagena for the supply of 

software and equipment necessary to successfully conclude this research. 

 

 

References 
 

[1] S. Blanco-Carvajal, A. Gonzalez-Delgado, B. Garcia-Martinez, E. Sanchez-

Galvis, A. Barajas-Solano, Bioremediation of Aquaculture Wastewater 

Using Microalgae Chlorella vulgaris, Contemporary Engineering Science,  

10 (2017), 1701–1708. https://doi.org/10.12988/ces.2017.712198  

 

[2] S. Blanco-Carvajal, E. Sanchez-Galvis, A. Gonzalez-Delgado, J. Garcia- 

https://doi.org/10.12988/ces.2017.712198


304                                                                            Candelaria Tejada-Tovar et al. 

 

 

         Martinez, A. Barajas-Solano, Cultivation of Chlorella vulgaris in 

Aquaculture Wastewater for Protein Production, Contemporary Engineering 

Science, 11 (2018),  93–100. https://doi.org/10.12988/ces.2018.712203  

 

[3] Y. Luo, W. Guo, H. Ngo, L. Duc, F. Ibney, J. Zhang, S. Liang, X.Wang, A 

review on the occurrence of micropollutants in the aquatic environment and 

their fate and removal during wastewater treatment, Science of the Total 

Environment,  473 (2014), 619–641. 

          https://doi.org/10.1016/j.scitotenv.2013.12.065  

 

[4] M. Ortiz-Alvarez, J. Suarez-Gelves, M. Perez-Roa, A. Gonzalez-Delgado, 

A. Barajas-Solano, N. Urbina-Suarez, Removal of Organic Pollutants from 

San Pablo Farm Wastewater Using a Pilot-Scale Biological Treatment, 

Contemporary Engineering Science, 10 (2017), 1685–1691. 

         https://doi.org/10.12988/ces.2017.711191  

 

[5] C. Severiche-Sierra, M. Valest-Bustillo, J. Jaimes-Morales, E. Bedoya-

Marrugo, R. Mancera-De la Cruz, Environmental Impact Assessment at a 

Colombian Caribbean Wastewater Treatment Plant, Contemporary 

Engineering Science, 10 (2017), 1343–1350. 

         https://doi.org/10.12988/ces.2017.710134  

 

[6] L. Torres-Carvajal, A. Gonzalez-Delgado, A. Barajas-Solano, N. Urbina-

Suarez, The Effects of Wavelength and Salinity on Biomass Production 

from Haematococcus pluvialis, Contemporary Engineering Science, 10 

(2017), 1693–1700. https://doi.org/10.12988/ces.2017.711192  

 

[7] O. Cobos, J. Londoño and L.  Garcia, Diseño De Un Biofiltro Para Reducir 

El Índice De Contaminación Por Cromo Generado En Las Industrias Del 

Curtido De Cueros, Dyna, 76 (2009), 107–119. 

 

[8] C. Tejada, A. Herrera and E. Ruiz, Kinetic and isotherms of biosorption of 

Hg (II) using citric acid treated residual materials, Ingeniería y 

Competitividad, 18 (2016), 117–127.  

         https://doi.org/10.25100/iyc.v18i1.2182  

 

[9] N. Pember, G. J. Millar, S. J. Couperthwaite, M. de Bruyn and K. Nuttall, 

BDST modelling of sodium ion exchange column behaviour with strong 

acid cation resin in relation to coal seam water treatment, Journal of 

Environmental Chemical Engineering, 4 (2016), 2216–2224. 

         https://doi.org/10.1016/j.jece.2016.04.002  

 

[10] M. Paredes Salán, Diseño de la Planta de Tratamiento Para Aguas 

Residuales de la Lavandería y Tintorería Jav-Tex del Cantón Pelileo, PhD 

Thesis, Repositorio Institucional de la Escuela Superior Politécnica de  

https://doi.org/10.12988/ces.2018.712203
https://doi.org/10.1016/j.scitotenv.2013.12.065
https://doi.org/10.12988/ces.2017.711191
https://doi.org/10.12988/ces.2017.710134
https://doi.org/10.12988/ces.2017.711192
https://doi.org/10.25100/iyc.v18i1.2182
https://doi.org/10.1016/j.jece.2016.04.002


Effect of bed height and biomass array ...                                                            305 

 

 

         Chiboraza, 2013. 

 

[11] M.N. Sepehr, A. Amrane, K.A. Karimaian, M. Zarrabi and H. R. Ghaffari, 

Potential of waste pumice and surface modified pumice for hexavalent 

chromium removal: Characterization, equilibrium, thermodynamic and 

kinetic study, Journal of the Taiwan Institute of Chemical Engineers, 45 

(2014), 635–647. https://doi.org/10.1016/j.jtice.2013.07.005  

 

 

Received: February 18, 2018; Published: March 7, 2018 

https://doi.org/10.1016/j.jtice.2013.07.005

