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Abstract—the diminishing phosphate rock reserves and the 

increasing cost of fertilizer production is a major driver for seeking 

alternative sustainable sources of phosphate fertilizers to meet the 

growing food demand. Extracting nutrients from human urine to 

obtain fertilizers for crop production can contribute in achieving 

phosphorous fertilizer demand in addition to protection of fresh water 

bodies from pollution. This study aimed at evaluating the potential of 

pineapple peel derived biochar (PPB) and lateritic soil (LS) in 

adsorbing phosphorous (P) from human urine. The effect of contact 

time and initial concentration of P on adsorption was evaluated. 

Langmuir and Freundlich isotherm models were employed to 

correlate the experimental equilibrium adsorption data. The results 

indicate that PPB adsorbs P from human urine but releases into the 

solution thus not attaining equilibrium. There was an increase in the 

amount of adsorbed P on LS upto equilibrium. Langmuir model (R2= 

0.984) best described P adsorption on LS with a maximum 

monolayer adsorption capacity of 45.25 mg/g calculated from the 

model. These results indicate that LS can hold P for crop use if 

enriched with human urine whereas the adsorbed P by PPB can be 

easily leached.  

 

 

Keywords—Equilibrium, Freundlich, Isotherms, Langmuir, 

Phosphorous  

I. INTRODUCTION 

Phosphorous (P) is an essential macronutrient required for 

healthy crop growth [1]. Seeking alternative P sources to 

augment the already declining the non-renewable phosphate 

rock reserves [2] is therefore necessary. Human urine has a 

potential of meeting global P demand by approximately 22% 

[3]. According to Randall et al. [4],  the P concentration in 

undiluted human urine ranges from 260 to 740 mg/L. Already 

 
A. O. Otieno, Department of Soil, Water and Environmental Engineering, 

JKUAT (phone: +254717967308; e-mail: Austine.otieno@tukenya.ac.ke).  
Patrick G. Home, James M. Raude, Soil, Water and Environmental 

Engineering Department, Jomo Kenyatta University of Agriculture and 

Technology,  P.O. Box 62000-00200, Nairobi, Kenya. Corresponding Author: 
austine.otieno@tukenya.ac.ke 

Sylvia N. Murunga, Agricultural and Biosystems Engineering Department, 

Jomo Kenyatta University of Agriculture and Technology, P.O. Box 62000-
00200, Nairobi, Kenya 

Gerryshom Munala, Centre for Urban Studies, Jomo Kenyatta University of 

Agriculture and Technology, P.O. Box 62000-00200, Nairobi, Kenya Kenya 
Tuula Tuhkanen, Department of Biological and Environmental Science, 

University of Jyvaskyla, P.O. Box 35, FI-40014, Finland  

field scale application of fresh urine for crop fertilization has 

demonstrated that it produces higher yields than chemical 

fertilizers with no potential threat to humans [5], [6]. Although 

WHO recommends  storage of urine for duration of 6 months 

at 20 °C to achieve complete elimination of pathogenic micro-

organisms [7], the prolonged storage of human urine may not 

be convenient in urban and peri-urban areas due to huge space 

requirements for storage and odour problems.  

Nutrient extraction or capture from urine could therefore 

enable ease of application and handling.  Various approaches 

have been explored in phosphorous extraction and capture 

from urine such as forward osmosis [8], anion exchange [9], 

struvite précipitation [3] and adsorption[10].  Adsorption 

process is considered an efficient, simple and low-cost method 

for phosphates removal even at low P concentrations [11].  

Biochar has recently attracted attention of researcher for 

adsorption of nutrients from aqueous solutions [12]. Biochar is 

a carbon material formed by pyrolysis of biomass under no or 

minimal oxygen conditions. Although biochars are effective in 

adsorption of cationic species, they are not efficient in 

removal of anionic species from aqueous solutions since their 

surfaces are commonly negatively charged [13], [14]. 

Modification of biochar surfaces using metal oxides preferably  

magnesium oxides has been demonstrated to recover 

significant amount of P from aqueous solutions [15]. 

Adsorption of phosphate ions to the MgO sites could therefore 

be considered to be the main reason for phosphate removal 

from aqueous solutions. Although many studies have reported 

on the inability of non-modified biochars to attract phosphates, 

investigations on effect of initial P concentrations in urine and 

contact time on their adsorption characteristics has not been 

widely reported. This is important because the positively 

charged surface of modified biochar using metal oxides might 

inhibit simultaneous adsorption of cations such as ammonium 

from urine.  

The use of geological materials such as zeolite[16] and 

natural loess[17] has been reported to be  effective in 

phosphates recovery from urine. Lateritic soil is a widely 

abundant geological material within the tropical climates. 

However, it is normally nutrient deficient since it is formed 

under rapid weathering and high rates of leaching and thus 

majorly used for construction purposes [18]. Although its use 
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for adsorption has majorly focused on fluorides and heavy 

metal removal, its application for nutrients recovery is 

minimal.  

Herein, we have investigated the use of non-modified 

biochar derived from pineapple peels (PPB), and lateritic soil 

(LS) in adsorption of P from source separated human urine. 

The effect of initial P concentration in urine and contact time 

on the adsorption behaviour of PPB, and LS were determined. 

We further investigated the adsorption capacity of P on LS 

using the Langmuir, and Freundlich isotherm models.  

 

II. MATERIALS AND METHODS 

A.  Materials  

Fresh undiluted urine was collected from volunteers. Fresh 

pineapple peels were collected from vendors, dried in a 

greenhouse to constant moisture content and then carbonized 

at 400 °C for 4 hours. The resulting char was then crushed and 

particles < 300µm sieved. The powders were then kept in air 

tight plastic containers for use in the experiment. Lateritic soil 

was excavated at 20 cm from the ground surface and 

impurities removed. It was then dried in an oven at 104±1°C 

for 24 hours, crushed, sieved to < 300µm and kept in air tight 

plastic containers for use in the experiment.  

B.  Materials Characterization  

Human urine was characterized for pH and temperature 

using a Mettler Toledo SevenEasy S20 pH meter. Procedures 

for P determination in the human urine samples was carried 

out according to Finnish standard (SFS, 3026) for 

determination of total phosphorous in water [19] with UV-

Spectrophotometer (880 nm wavelength) used to obtain the  

readings. The elemental composition of lateritic soil was 

determined using a Bruker S1 Titan 500 X-ray fluorescence 

(XRF) spectrometer. 

C.   Batch adsorption experiments 

D. Effect of initial concentration of P in urine and contact 

time on the adsorption behaviour of PPB and LS 

Six different concentrations of P in urine (164.12, 283.55, 

309.82, 439.95, 555.04, and 680.21 mg/L) were obtained by 

diluting the original urine sample with deionized water. 25 mL 

of urine was placed in each 250 mL conical flask and dosed 

with 0.2g of adsorbent with each dosing having three 

replicates. The samples were agitated continuously at 100 

revolutions per minute (rpm) for 30, 60, 90 and 120 minutes 

with a laboratory shaker and then filtered using whatman filter 

paper no. 42 to separate the adsorbent from the filtrate. The 

batch experiment was conducted at a room temperature of 21 

°C and urine pH = ~7.50 ± 0.30. The amount of P adsorbed 

was calculated using Eq.1 
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where, Co and Ct are the concentrations of P in the urine at 

the initial time and at certain time t (mgL-1), respectively, V is 

the volume of urine (mL), W is the mass of adsorbent (g)  and 

qt is the amount of P (mg) adsorbed per unit mass (g) of the 

adsorbent (mg/g). 

E. Langmuir and Freundlich modelling of adsorption of P 

on LS 

Langmuir model assumes a monolayer adsorption occurring 

on a homogenous surface, while Freundlich model assumes a 

multi molecular layer adsorption on a heterogeneous surface. 

The linearized form of Langmuir [20] and Freundlich [21] 

adsorption isotherms models shown in Eq. 2 and 4, 

respectively, were used to evaluate the adsorption;  
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where qe (mg/g) is the amount of P adsorbed per unit mass 

of adsorbent (mg/g), Ce (mg/L) is the equilibrium 

concentration of P, qm (mg/g) is a constant representing 

maximum monolayer saturation capacity, KL (L/mg) is the 

constant representing affinity between molecules in the 

adsorbate and the adsorbent. The plot of 1/qe against 1/Ce 

gives a linear plot from which the Langmuir constants 

qm(mg/g) and KL(L/mg)  are obtained.  

The Langmuir model constant (KL) which represents the 

affinity between molecules in the adsorbate and the adsorbent 

can further be used to compute the dimensionless separation 

factor (RL) as shown in Eq.3  
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where, Co (mg/L) is the initial concentration of P,  KL 

(L/mg) is the Langmuir constant, RL is dimensionless 

separation factor. If RL is found to be in the range (0 < RL < 

1), then sorption of molecules onto the absorbent is considered 

favourable [22]. 
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where, qe (mg/g) is the amount of P adsorbed per unit mass 

of adsorbent, Ce (mg/L) is the equilibrium concentration. The 

plot of log qe versus log Ce gives a linear plot, from which the 

Freundlich constants Kf and n are determined.  

 

III. RESULTS AND DISCUSSION 

A. Chemical Composition of Lateritic Soil (LS) and 

Pineapple Peel Biochar (PPB) 

The main components of lateritic soil as revealed by XRF 

data are SiO2 = 55.83 wt.%, Al2O3 = 20.02 wt.%, and Fe2O3 

= 9.50 wt.% while pineapple peel biochar was dominated by 

CaO = 36.27 wt.%, K2O = 7.12 wt.%, Fe2O3 = 6.88 wt.% 

(Table 1). 
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TABLE 1 

CHEMICAL COMPOSITION OF LS AND PPB 

(wt.%) 

Element  Lateritic 

Soil (wt.%) 

Pineapple Peel 

Biochar (wt.%) 

SiO2 55.83 ND 

Al2O3 20.02 1.18 

CaO 1.01 36.27 

MgO ND ND 

Na2O 1.00 5.20 

K2O 1.80 7.12 

TiO2 1.20 2.54 

MnO 0.14 1.86 

Fe2O3 9.50 6.88 

P2O5 0.79 2.80 

S 0.18 2.00 

LOI 7.69 33.32 
 

ND: Not detected; LOI: weight loss on ignition 

It can be deduced from the results of elemental analysis that 

LS was infertile medium for crop growth compared to PPB 

based on its lower amount of soluble alkaline oxides (CaO, 

K2O, and P2O5) and organic matter as depicted  by lower 

weight loss on ignition (LOI) of 7.69 wt.%. However, LS is a 

potential adsorbent for removal of anionic phosphates from 

human urine since it has significant amount of  Al and Fe 

which have been widely reported to form complexes with 

phosphate molecules thereby removing P from aqueous phases 

[19]–[21]. On the other hand, magnesium oxides (MgO) is 

considered to be the major compound in biochars responsible 

for removal of P from human urine through electrostatic 

attraction to form magnesium ammonium phosphates on 

biochar surfaces [15]. MgO was however not detected in the 

PPB. Although calcium oxides can remove the phosphate 

species from human urine through formation of amorphous 

calcium phosphates,  CaO are highly soluble in urine resulting 

to the dissolution of the complexes [4]. Hence the PPB could 

potentially adsorb P from human urine but release it back into 

the solution through dissolution of the complexes formed by 

CaO.  

 

B. Phosphorous (P) adsorption behaviours and capacities 

of PPB and LS in human urine 

C. Effect of contact time and the initial concentration of P 

in urine on the amount of P adsorbed on LS and PPB 

The effect of contact time and the initial concentration of P 

in urine on the amount of P adsorbed on LS and PPB are 

presented in Fig.1.  

 

 
Fig.1 Effect of contact time and the initial concentration of P 

in urine on the amount of P adsorbed on (a) lateritic soil and 

(b) pineapple peel biochar 

 

As illustrated in Fig.1a, it is evident that an increase in 

initial P concentration in urine resulted to an increases in the 

amount of P adsorbed on LS at equilibrium. At higher initial P 

concentrations, the ionic gradient between the adsorption 

surface and the solutes was higher resulting to higher mass 

transfer of phosphate ions to the adsorption sites. With regards 

to effect of contact time on P adsorption, there was rapid 

adsorption between 0-30 min, followed by a gradual decline in 

sorption rate between 30-90 min, beyond which negligible 

amount of P was adsorbed. The initial rapid uptake was due to 

availability of more unoccupied sorption sites. However, these 

sites gradually got occupied towards equilibrium thereby 

reducing the sorption rate. At equilibrium, all the active 

sorption sites were occupied hence negligible uptake could 

occur. Similar findings have been reported by previous studies 

[22], [23]. 

D. Adsorption isotherms for the adsorption of P from 

human urine on the LS 

The adsorption isotherms of the Langmuir and Freundlich 

models describing the behaviour of P adsorption on LS are 

presented in Fig. 2, while the isotherm parameters are 

summarized in Table 2. Lateritic soil was chosen for 

equilibrium studies due to its potential to hold phosphorous 

unlike PPB that shows a tendency to release P in urine 

solution.   

 

 

Fig. 2 (a) Langmuir,  and (b) Freundlich isotherm model fits 

of  lateritic soil 

 

On the basis of the R2 values presented in Table 2, both 
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Langmuir and Freundlich isotherm models yielded satisfactory 

fit to the experimental data but Langmuir model gave the best 

fit. Therefore, it can be interpreted that the available 

adsorption sites for P on LS have the same adsorption energy 

and that the process is reversible. Studies by  Bhattacharjee et 

al. [23], and  Fulazzaky et al. [24] have also reported the 

Langmuir model to best describe P adsorption on LS with Al 

and Fe cations considered to be responsible for the removal of 

P from aqueous phase through electrostatic attraction to form 

complexes. The RL value of 0.6 indicates favourable 

conditions for adsorption of P on LS. 

 
TABLE 2 

LANGMUIR, AND FREUNDLICH ISOTHERM 

PARAMETERS FOR THE ADSORPTION OF P ON LS 

Isotherm 

parameters 

 

Langmuir  

qmax (mg/g) 45.25 

KL 0.001 

RL 0.6 

R2 0.984 

Freundlich  

Kf 0.119 

1/n 0.778 

R2 0.966 
 

IV. CONCLUSION 

The maximum adsorption capacity of 45.25 mg/g exhibited 

by LS indicates that it can be used to effectively recovery P 

from human urine. Langmuir model best described P 

adsorption on LS, an indication that monolayer adsorption on 

homogenous active sites was the dominant mechanism of 

adsorption. PPB exhibited a tendency to adsorb and release P 

in human urine simultaneously thereby not attaining 

equilibrium, an indication of dissolution of amorphous 

calcium phosphates formed on the PPB surface in human urine 

solution.   
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