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Abstract.  Nutrient removal in wastewater before disposal into water bodies. One of the 

common adsorption materials is biochar, which can be made from coconut shells. Coconut 

shells also grow in the highlands, which are also utilized as agricultural areas. This study 

was performed to test the ability of biochar to remove ammonium, nitrate, and phosphate 

in a batch adsorption experiment. The results show a maximum ammonium, nitrate, and 

phosphate adsorption capacity using highland coconut shell biochar of 5.45, 4.85 and 6.57 

mg/g, respectively. The best-fit isotherm that describes the ammonium, nitrate and 

phosphate adsorption process is the Langmuir isotherm. The best-fit adsorption kinetics 

are Pseudo 1st order. The results of this study indicate the potential of coconut shells from 

the highlands to remove nutrients from wastewater. 
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1 Introduction 

Ammonium, nitrate and phosphate as nutrients present in agricultural waste due to 

excessive use of fertilizers [1]. The accumulation of nutrients in water bodies can cause 

eutrophication. To remove them, wastewater treatment is required before it enters the water 

body. Adsorption is one method that is known to be economical and can remove nutrients from 

wastewater. One of the adsorption materials that can be used is biochar. 

Biochar can be made with a variety of raw materials such as agricultural waste. Coconut 

shell is one of the wastes found in tropical countries, which is difficult to decompose. Coconut 

shells have the potential to be processed into biochar and are traditionally produced by the 

community using barrels. Nutrient removal using biochar has previously been studied by  Zou 

et al. [2] and Konneh et al. [3]. However, the biochar is in powder form. The use of biochar in 

powder form will make it difficult for its application to treat agricultural waste water with a 

heavy flow, because it can be potentially clogged. 

The highland region is an area of agricultural intensification in West Sumatra, Indonesia. 

In this area, there is also a generation of coconut shell waste that is processed into biochar by 

the local community. However, coconut shells that grow in the highlands have slightly different 
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components than those of coconuts that grow in the lowlands. The use of local materials for 

wastewater treatment will be very beneficial. 

For this reason, this study was conducted to analyze the ability of coconut shell biochar 

from one of the intensive agricultural areas in the West Sumatra-Indonesia region, in the coarse 

form to remove nitrates from agricultural wastewater. It is expected that the results of this study 

will be useful as an alternative to agricultural wastewater treatment. 

2 Methodology 

The study was performed using coconut shell biochar originated from highland are, in 

coarse form of 1 cm in size. Nitrate removal was tested by batch adsorption method with initial 

nitrate concentrations of 10, 20, 40 and 80 mg/L and observed every hour for 6 hours, with three 

replications. Each experiment was conducted in triplicate with 5g biochar in each 100 mL  

sample [4]. Nitrate artificial solution used potassium nitrate, ammonium used ammonium 

chloride, and phosphate used potassium dihydrogen phosphate. The ability of coconut shell 

biochar to remove nitrate was also tested using real agricultural wastewater.  

The adsorption capacity was calculated using Equation 1. In this study, Feundlich isotherm 

(Equation 2) and Langmuir isotherm (Equation 3) along with adsorption kinetics consisting of 

a Pseudo 1st order model (Equation 4), and Pseudo 2nd order (Equation 5) were also calculated 

[5]. 

𝑞 =
(𝐶0−𝐶𝑡)𝑉

𝑚
                                                           (1) 

Where q is adsorption capacity, Co is the initial nitrogen or phosphate concentration, Ct is 

the nitrogen or phosphate concentration at time t (mg/L), V is the solution volume (L), and m is 

the dry weight of the biochar (g). 

𝑥/𝑚 = 𝐾𝑓(𝐶𝑒)
1/𝑛                                                        (2) 

Where Kf as Freundlich constant (l/g) and n as adsorption capacity and adsorption intensity, 

x/m as the amount of phosphate adsorbed onto 1 g adsorbent under equilibrium conditions 

(mg/g), Ce as the contaminant concentration at equilibrium (mg/L). 

𝑞 =
𝑞𝑚𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
     (3) 

Where q as the adsorption capacity of nutrients(mg/g), 𝐾𝐿 as Langmuir constants, qm is 

maximum adsorption capacity of nutrients (mg/g),  and Ce as the concentration of contaminant 

at equilibrium (mg/L), a,b. 

𝑞𝑡 = 𝑞𝑒[1 − exp⁡(−𝑘1𝑝𝑡]    (4) 

Where qt is the adsorption capacity at time t (mg/g), qe is the adsorption capacity at 

equilibrium (mg/g), k1p is the pseudo first-order rate constant (h-1), and t is the contact time (h). 

𝑞𝑡 =
𝐾2𝑝𝑞𝑒

2𝑡

1+𝐾2𝑝𝑞𝑒
2𝑡

     (5) 



 

 

 

 

Where qt is the adsorption capacity at time t (mg/g), qe is the adsorption capacity at 

equilibrium (mg/g), K2p stands for the second-order rate pseudo-constant (g/mg/h), and t is the 

contact time (h). 

3 Results 

During the experiment, dissolved oxygen (DO) and pH were observed which are presented 

in Figure 1 and Figure 2. The pH ranges during the ammonium, nitrate and phosphate removal 

experiments were 5.98-6.57; 6.86-7.06 and 5.56-6.34, respectively. While DO during the 

ammonium, nitrate, and phosphate removal experiments were 4.4-6.1 mg/L; 4.5-5.4 mg/L and 

4.7-6.6 mg/L, respectively. pH values are getting lower as the initial concentration increases in 

the ammonium and phosphate removal experiments. this is due to the parent solution in the 

experiment is acidic. 

The adsorption capacity of biochar based on the initial concentration of ammonium, nitrate 

and phosphate is shown in Figure 3. The adsorption capacity of ammonium, nitrate and 

phosphate tends to be the same, but the highest among them is the adsorption capacity of 

phosphate. 
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Fig. 1. pH level of the experiments in the removal of (a) ammonium, (b) nitrate and (c) phosphate. 
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Fig. 2. Dissolved oxygen level of the experiments in the removal of (a) ammonium, (b) nitrate and (c) 

phosphate. 

 
 

Fig. 3. Adsorption capacity in different nutrient’s initial concentration 

 

The maximum adsorption capacity of biochar on ammonium, nitrate and phosphate 

removal, as well as the Langmuir and Freundlich isotherm constants from the experiment, is 

presented in Table 1. The maximum adsorption capacity of biochar is higher for phosphate than 
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the other nutrients in this study at 6.67 mg/g. Followed by the maximum capacity of ammonium 

is 5.85 mg/g and nitrate is 4.85 mg/g. Research by Zou et al. [2] showed the maximum 

adsorption capacity of ammonium using coconut shell biochar in powder form in the range of 

12.80-15.50 mg/g and nitrate of 78.1 mg/g. Research by Konneh et al. [3] showed the maximum 

adsorption capacity of nitrate with powdered coconut shell biochar of 12.97 mg/l. The results 

of other studies show a maximum adsorption capacity that is more satisfactory than this study. 

However, the form of biochar used in this study is coarse, which causes the biochar surface area 

to be smaller than the powder form, thus reducing the sites for adsorption on the biochar surface. 

However, powdered biochar is not always applicable, sometimes the use of a coarse form will 

be beneficial to overcome clogging in the filter.  

Regarding the adsorption isotherms, from the R2 values that are almost close to 1, the 

Langmuir isotherm model appears to be the most suitable to describe the adsorption of 

ammonium, nitrate, and phosphate using coconut shell biochar from this plateau. 

The Langmuir model describes monolayer adsorption, assuming that adsorption occurs on 

a certain number of adsorption sites, each site is occupied by one adsorbate molecule, all sites 

are equal, and there is no interaction between adsorbed molecules [6]. Whereas the Freundlich 

Model represents non-ideal adsorption, with multiple adsorption sites and heterogeneous 

surfaces. It is based on the assumption that active binding sites are occupied first, and the 

binding ability decreases as the site occupation increases [7]. 

In the Langmuir isotherm, where qm (mg/g) is the maximum mass of contaminant 

adsorbed per unit weight of adsorbent when the surface is completely covered by a monolayer 

of contaminant ions. KL (l/mg) is the Langmuir constant associated with the affinity of the 

binding sites on the surface adsorbent to the contaminant ions, Whereas, the Freundlich 

isotherm, Kf and n are Freundlich constants, indicating adsorption capacity and adsorption 

intensity, respectively. A value of n>1 indicates a favourable adsorption process [8]. 

Table 1: Adsorption isotherm of the study. 

Removal of Langmuir Freundlich 

qm(mg/g) KL R2 n KF R2 

Ammonium 5.45 2.21 0.84 2.71 2.60 0.87 

Nitrate 4.85 8.70 0.78 3.46 3.36 0.52 

Phsophate 6.67 1.96 0.87 2.03 3.46 0.79 

 

Table 2: Adsorption kinetic for the removal of ammonium, nitrate, and phosphate. 

Removal of Pseudo 1st order Pseudo 2nd order 

K (/jam) qe (mg/g) R2 K (/jam) qe (mg/g) R2 

Ammonium 1.70 0.36 0.85 0.02 5.20 76.34 

Nitrate 1.13 0.39 0.73 0.00014 49.61 69.11 

Phsophate 0.31 1.71 0.96 0.001 19.54 77.39 



 

 

 

 

The results of adsorption kinetics are shown in Table 2. From the R2 values, it appears that 

all materials for adsorption for the removal of ammonium, nitrate and phosphate using biochar 

obtained from the highlands are more suitable to be described by the Pseudo 1st order model.  

This indicates that the adsorption rate is proportional to the concentration remaining in the 

solution. Comparison of the picture of adsorption capacity vs time obtained with the models for 

nitrate, ammonium and phosphate adsorption [9], [10]. 

4 Conclusions 

Coconut shell biochar from the highlands has the potential to remove ammonium, nitrate 

and phosphate from wastewater. The maximum adsorption capacity of biochar from the highest 

is against phosphate > ammonium > nitrate. Langmuir isotherm is more appropriate to describe 

the adsorption process that occurs. While the adsorption kinetics that matches the nutrient 

removal in this study is the Pseudo 1st order model. 

 

Acknowledgments. The authors would acknowledge Doctoral Dissertation Research Funding 

by DRTPM-DIKTI with Contract No.113/UN16.19/PT.01.03/2023, and LPPM of University 

of Andalas for the financial supports.  

References 

[1] Konneh, M., Wandera, S. M., Murunga, S. I., & Raude, J. M.: Adsorption and desorption of nutrients 

from abattoir wastewater: modelling and comparison of rice, coconut and coffee husk biochar. 

Heliyon. Vol 7(11) (2021) 

[2] Kumar, P., Sudha, S., Chand, S., & Srivastava, V. C.: Phosphate removal from aqueous solution using 

coir-pith activated carbon. Separation Science and Technology. Vol. 45(10), pp.1463–1470 (2010) 

[3] Mateo-Sagasta, J., Zadeh, S. M., & Turral, H.: Water pollution from agriculture: A global review. 

Executive Summary. (Vol. 35 (2017) 

[4] Patel, H.: Batch and continuous fixed bed adsorption of heavy metals removal using activated charcoal 

from neem (Azadirachta indica) leaf powder. Scientific Reports. Vol. 10(1), pp. 1–12 (2020) 

[5] Revellame, E. D., Fortela, D. L., Sharp, W., Hernandez, R., & Zappi, M. E.: Adsorption kinetic 

modeling using pseudo-first order and pseudo-second order rate laws: A review. Cleaner Engineering 

and Technology, Vol. 1(December), pp. 100032 (2020) 

[6] Stensel, G. T. F. L. B. H. D.: Wastewater Engineering: Treatment Disposal Reuse-3rd edition (B. J. C. 

and J. M. Morries (ed.); 4th ed.). McGraw-Hill, Inc. (2003) 

[7] Thao, V. T. M., Canh, N. T., Hang, N. L. N., Khanh, N. M., Phi, N. N., Niem, P. T. A., Anh, T. T., 

Nguyen, N. T. H., & Duc, N. T.: Adsorption of ammonium, nitrite, and nitrate onto rice husk biochar 

for nitrogen removal. Engineering and Technology. Vol. 11(1), pp. 30–44 (2021) 

[8] Wang, J., & Guo, X.: Adsorption kinetic models: Physical meanings, applications, and solving 

methods. Journal of Hazardous Materials. Vol. 390(January), pp. 122156. (2020) 

[9] Zhou, L., Xu, D., Li, Y., Pan, Q., Wang, J., Xue, L., & Howard, A:. Phosphorus and nitrogen adsorption 

capacities of biochars derived from feedstocks at different pyrolysis temperatures. Water 

(Switzerland). Vol. 11(8), 1–16. (2019) 

[10] Zou, G., Shan, Y., Dai, M., Xin, X., Nawaz, M., & Zhao, F. Comparative effectiveness of biochar 

derived from tropical feedstocks on the adsorption for ammonium, nitrate and phosphate. Archives of 



 

 

 

 

Environmental Protection. Vol. 48(4), 25–34. (2022) 

 


