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Abstract

Keywords:

Phosphorus is one of the key nutrients that contribute to eutrophication and excess algal growth in
rivers and lakes and other surface water bodies. Such algal blooms affect the life of aquatic organisms,
especially fishes, and block sunlight from reaching bottom dwelling plants thus inhibiting
photosynthesis and stunting growth. In this study, sawdust and peanut shell powder were explored as
adsorbents for the removal of phosphorus from aqueous solutions. A series of batch experiments were
conducted to determine the effects of adsorbent dosage, initial phosphorus concentration and contact
time on the rate of phosphorus removal. The results showed that 78% and 39% of phosphorus was
removed by sawdust and peanut shell powder respectively at adsorbate concentrations of 10 mg/l
(total P) for a period of 180 min at an adsorbent dosage of 0.4 g. It was also found that the highest
phosphorus removal occurred at adsorbent mass of 0.4 g of sawdust and 0.6 for peanut shell powder.
Adsorption data were fitted to the linearised forms of the Freundlich and Langmuir isotherm models
to determine the water - adsorbent partitioning coefficient. Sawdust proved to be a better adsorbent
than peanut shell powder.
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1- Introduction
According to Kumar and Puri (2012), phosphorus is essential in the metabolism and growth of plants and animals.
Though essential, phosphorus in elemental form is toxic and is subject to bioaccumulation. Phosphorus in water exists
in two main forms: dissolved (soluble) and particulate (attached to or a component of particulate matter). Orthophosphate
is the primary dissolved form of phosphorus and is readily available to algae and other aquatic plants [1].
According to a study conducted by Minnesota Pollution Control Agency MPCA, (2007), most of the phosphorus
discharged by wastewater treatment facilities is in the form of orthophosphate which is soluble and reactive. The World
Health organization, WHO (2002) has revealed that some of the phosphorus found in soil mineral particles are capable
of being converted to soluble phosphorus or settle at the bottom sediment as a result of chemical and physical changes.
The study by MPCA (2007) has also indicated that it is only the most tightly bound forms of particulate phosphorus
such as aluminum-bound phosphorus that are generally not available for algal growth. Due to the propensity of
phosphorus to change its form in the environment, most studies usually measure total phosphorus rather than the organic
or inorganic form.
Some of the phosphorus found in soil mineral particles are capable of being converted to soluble phosphorus or settle
at the bottom sediment of water bodies as a result of chemical and physical changes [2]. A study (WHO, 2002) on the
monitoring of bathing waters showed that under natural conditions phosphorus is generally scarce in surface water.
However, human activities such as increasing nutrient application, release of effluent such as human waste, industrial
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waste, household waste, cleaners and detergents, have resulted in excessive loading of phosphorus in rivers and lakes.
Water quality can be further impaired when bacteria consume dead algae and use up dissolved oxygen, suffocating fish
and other aquatic life (IJC 2014).
According to Shock and Pratt (2003), algae blooms also limit recreational use by reducing water clarity and aesthetic
qualities [3]. Since phosphorus concentration is crucial and affects the life of aquatic organisms, there is the need to
monitor and remove phosphorus from wastewater before its discharge into the environment. Existing techniques such
as chemical precipitation, crystallization and magnetic separation that are employed for the removal of phosphorus from
water can impact on properties such as pH in addition to their being costly [4].
Adsorption technique has been given a lot of attention by scientists nowadays as a method for the treatment of
contaminated water and considered one of the most popular treatment methods applicable in landfill liners to reduce the
mobility of contaminants to groundwater [5, 6].
In a study conducted by Tu et al, 2016, La-modified Clinoptilolite material was successfully used to remove 95% of
phosphorus in solution. Laterite has also been employed in the removal of phosphorus from sewage with 89% maximum
removal [7]. The efficiency of an adsorption process depends upon the nature of adsorbent materials, which should be
less costly, readily availability and high uptake capacity [8].
Materials such as activated alumina, iron based compounds, hydroxides, and carbonates, have been used for the
treatment of both waste and drinking water [9]. In order to establish the capacity of an adsorbent, adsorption isotherms
are plotted. The most common forms of adsorption isotherms used in chemical-environmental studies are the Langmuir,
Freundlich and in addition to Brunauer, Emmett and Teller (BET) [10, 11].
The findings of a study conducted on the use of magnetite for phosphorus removal indicated that both Langmuir and
Freundlich equations reasonably describe the adsorption of phosphorus, however the maximum adsorption capacity
fitted the Langmuir equation [12].
Natural products from agricultural waste, which are generally perceived as low cost, have also been used [13]. In
this research, adsorption is employed for the removal of phosphorus from water using sawdust and peanut shell powder
as adsorbents. The choice of these materials was based on their availability and low-cost.

2- Materials and Methods
2-1- Sampling and Sample Preparation
Sawdust and peanut shell powder were used as adsorbents in this experiment. The sawdust was obtained from the
KNUST sawmill and the peanut shells (Arachis hypogaea) from the Ayigya market, Kumasi. Each sample was dried in
an oven (Model: 05015-50, 115 volts, 800 watts Cole-Parmer Instrument Company, USA) at a temperature of 105 oC for
4h and ground into a powder using porcelain mortar and pestle. The samples were then sieved using a sieve pore size of
250 pm and stored in sealed containers and labeled prior to analysis.
Prior to sampling, all glassware used were soaked in 10% v/v aqua regia for 24 hr and then rinsed three times with
distilled water. It was finally dried in an oven and allowed to cool down before use.
2-2- Preparation of phosphorus Solutions
All reagents used were of analytical grade. A stock solution of phosphorus was prepared by dissolving 0.044 g of
potassium dihydrogen phosphate (KH2PO4) in the distilled water and transferred into a 200 ml volumetric flask and
filled to the mark.
Five standards were prepared from the stock solution by diluting it with distilled water to the desired concentration
(2 mg/l to 10 mg/l). Phosphorus levels were determined using a spectrophotometric method.
2-3- Preparation of Reagents for Colour Development by the Vanadomolybdophosphoric Acid Method

• Solution (A) was prepared by dissolving 25 g of ammonium molybdate in 300 ml distilled water and heated to
complete dissolution.
• Solution (B) was prepared by dissolving 1.25 g of ammonium metavanadate by heating to boiling in 300 ml
distilled water. A volume of 330 ml concentrated HCl was added after cooling.
The resultant solution was transferred into a 1000 ml volumetric flask.

• Solution (A) was carefully poured into solution (B) and mixed well and topped to 1000 ml mark forming
Vanadomolydophosphoric acid (combined reagent solution).
An aliquot of 10 ml of the combined reagent solution was measured into the phosphorus solution to be tested and
allowed to stay for 15 min for colour to develop. Phosphorus concentrations were determined by UV-visible
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spectrophotometer (Shimadzu, UV mini-1240) [14].
2-3-1- Adsorption Studies
In this study, batch adsorption experiments were perfumed at different conditions of concentration, time of
interaction and mass of adsorbent. In all cases, 100 ml of solution was used. During each batch of adsorption study, the
concentration of phosphorus in solution and on adsorbate was determined before and after the interactions.
2-3-2- Effect of Adsorbent Dosage
Batch experiments were performed using different masses (0.1- 0.8 g) of adsorbent (sawdust and peanut shell
powder). Adsorbents were added to 100 ml of 0.5 mg/l solution of phosphorous at each instance and shaken with an
orbital shaker (model; IKA-VIBRAX-VXR, Sigma-Aldrich) for 180 min.
2-3-3- Effect of Contact Time on Rate of Adsorption
The effect of contact time on the rate of adsorption from solution was studied by varying the time from 30, 60, 120,
180, 240 and 300 min. The pH of the solution (pH 7), the adsorbent dosage (0.4 g) and the adsorbate concentration (5
mg/l in 100 ml volumetric flask) were all kept constant. An adsorbate concentration of 5 mg/l was chosen since it gave
the optimum absorption during preliminary trials.
2-3-4- Effect of Adsorbate Concentration and Adsorption Isotherms
The effect of initial adsorbate concentration on the adsorption was investigated by varying the initial concentration
of phosphorus between 2, 4, 6, 8 and 10 mg/l. Adsorbent dosage used for the interaction was 0.4 g, and shaking was
done for 180 min.
In order to determine the adsorption capacity of sawdust and peanut shell powder for the removal of phosphorus
spiked solutions of concentrations 2, 4, 8 and 10 mg/l were shaken with 0.4 g of adsorbent in batch procedures at 180
min (equilibrium time) per batch. The data obtained was fitted to the linearized form of the Langmuir and Freundlich
models.

3- Results and Discussion
The effectiveness of powder from sawdust and peanut shell powder as adsorbents for phosphorus removal from water
has been studied. Batch experiments were performed in all the interactions using 100 ml of the specified phosphorus
solutions and shaking was done at 220 rpm.
3-1- Effect of Adsorbent Dosage on Phosphorus Removal
The effect of the mass of sawdust and peanut shell powder on phosphorus removal was studied by varying the dose
at 0.1, 0.2, 0.4, 0.6 and 0.8-g/100 ml at a fixed adsorbate concentration of 5 mg/l (P). It was observe that the best
adsorbent mass for phosphorus removal occurred at 0.4 g for sawdust and 0.6 g for peanut shells (Figure 1).
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Figure 1. Effect of mass of adsorbent on phosphorus removal
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A plot of percent phosphorus removed versus mass of sawdust used indicated a rise from 41.96 to 69.32% for 0.10.4 g respectively. This was followed by a decline with the increase in adsorbent dose. The best mass of sawdust for
optimum phosphorus removal was therefore set at 0.4 g. In the case of peanut shell powder, the optimum mass was 0.6
g giving the highest percent removal at 42.0 (Figure 1). The trend of percent removal increasing with mass of adsorbent
to a point and further declining could be due to release of adsorbate back into solution after all the available sites had
been covered. The optimum mass for sawdust for phosphorus removal was therefore set at 0.4 g while that of peanut
shell powder was set at 0.6 g. The percentage removal is low when compared to the use of the 85% removal obtained
for a batch experiment which used oven-dried alum sludge dose (50 g/L) for the removal of phosphorus [15].
At higher dosage, the equilibrium uptake of phosphorus ions did not increase significantly with increasing adsorbent
dosage. Such behavior is expected due to be due to the saturation level attained during an adsorption process [16].
3-2- Effect of Contact Time on Phosphorus Removal
The contact time was varied from 30 min to 300 min. A mass of 0.4 g of adsorbent was used in each batch experiment
for uniformity sake. The percentage removal of phosphorus increased gradually from 30 min up to 300 min at a fixed
adsorbate concentration of 5 mg/l (P). At each time interval of batch experiment, the sawdust adsorbed more of the
phosphorus than the peanut shell powder. This indicates that sawdust serves as a better adsorbent than the peanut shell
powder. Figure 2 gives the detail description of the interaction. The amount of phosphorus removed after 300 min of
interaction was approximately 78% and 39% for sawdust and peanut shells respectively (Figure 2). This result could be
compared with the results of Baraka et al. 2012 in Cairo (Egypt), where they were able to achieve equilibrium at 60 min
by removing 95% of phosphorus at an adsorbate concentration of 3 mg/l (p) using activated Red mud (0.1g). It was also
realized that at each time interval, the percent phosphorus removed by sawdust was higher than was removed by peanut
shell powder. This implies that nature of adsorbent and the available adsorption sites affect the rate of adsorption of
phosphorus. The mechanism of solute transfer to the solid includes diffusion through the fluid film around the adsorbent
particle and diffusion through the pores to the internal adsorption sites [17]. In the initial stages of adsorption of
phosphate, the concentration gradient between the film and the available pore sites is large, and hence the rate of
adsorption is faster.
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Figure 2. Effect of contact time on phosphorus removal

3-3- Adsorption Isotherms
In a solid-liquid system interaction, the uptake of solute molecules (phosphorus in this case) consists of the following
steps (i) diffusion transport of molecules from the solution to the exterior surface of sorbent through a boundary layer,
(ii) intra-particle diffusion of molecules through the interior pores of sorbent and (iii) sorption of molecules onto the
active sites on the interior surface [18, 19]. The graphs plotted in this study used the linear forms of the Freundlich and
Langmuir isotherms.
3-3-1- Langmuir Isotherms for Powder from Sawdust and Peanut Shell Powder
The linear equation for the Langmuir isotherm is given in Equation 1. Where 𝐶𝑒 is concentration of phosphorus
solution at equilibrium (mg/l), qe is the amount of phosphorus at equilibrium in unit mass of adsorbent (mg/g), 𝑞𝑚𝑎𝑥
and 𝑏 are the Langmuir coefficient related to adsorption capacity (mg/g) and adsorption energy respectively [11].
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(1)

𝐶𝑒 /𝑞𝑒 = 1/𝑏. 𝑞𝑚𝑎𝑥 + (1/𝑞𝑚𝑎𝑥 ) 𝐶𝑒

A plot of 𝐶𝑒 /𝑞𝑒 versus 𝐶𝑒 s gives a straight line. 𝑞𝑚𝑎𝑥 and b values are obtained from the slope and intercept of the
straight line.
The Langmuir isotherms for sawdust and peanut shell powder are presented in Figures 3 and 4 respectively.
The Langmuir isotherm is used to obtain a maximum adsorption capacity produced by complete monolayer coverage
of the adsorbent surface. The Langmuir adsorption isotherms were determined for phosphorus at concentrations ranging
from 2 to 10 mg/l.
The Langmuir constant 𝑞𝑚𝑎𝑥 , which is a measure of the monolayer adsorption capacity was - 0.198 mg/g for sawdust
and that of peanut shell powder was -0.256 mg/g. The Langmuir constant, 𝑏 which denotes adsorption energy for sawdust
and peanut shell powder were found to be -0.429 L/mg and -0.201 L/mg respectively. The negative values for the
Langmuir isotherm constants indicate the inadequacy of the isotherm model to explain the adsorption process. This is
confirmed in a study by Al-Anber (2011) [20].
A reverse situation was observed for a study of activated alumina in the removal of phosphorus in which confirmed
the Langmuir model [21].
7
6
5
4
3
y = -5.2174x + 12.136
R² = 0.5288

2
1
0
0

0.5

1

1.5

2

2.5

𝑪𝒆

Figure 3. Langmuir isotherm for sawdust
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Figure 4. Langmuir isotherm for peanut shell powder
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3-3-1- Freundlich Isotherm for Powder from Sawdust and Peanut Shell Powder
The linear form of the Freundlich isotherm is given in Equation 2. Where q is mass of adsorbed pollutant per unit of
sorbent (mg/g), Cw (mg/L) is the dissolved phosphorus in water, n is the measure of linearity and Kf is Freundlich
constant. The values of Kf and 1/n are obtained from the intercept and slope of the plot of log q versus log Cw. Kf is
related to the sorption capacity while n is related to the sorption intensity [10].
The Freundlich constants, Kf and n were obtained by plotting the graph of log qe versus log Ce as shown in Figures
5 and 6. Freundlich parameters (Kf and n) indicate whether the nature of sorption is either favourable or unfavourable
ie. Whether the adsorption mechanism is heterogeneous or monolayer.
The intercept Kf is an indicator of sorption capacity and the slope 1/n is an indicator of sorption strength and a
measure of the deviation from linearity of the adsorption. The steeper the isotherm, the more effective is the adsorbent.
Smaller values of n < 1 mean that, sorption intensity is good or (favourable) at high concentrations but much less at
lower concentrations [17]. The constants n and Kf for sawdust were 0.30 and 0.12 respectively and those for peanut
shell powder were 0.4058 and 0.034 respectively. All the Freundlich constants obtained for sawdust and peanut shell
powder in this study are positive.
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Figure 5. Freundlich isotherm for sawdust
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Adsorbents with n values near 1.0 are valid for many organic contaminants while lower values (0.3-0.6) are valid for
heavy metals and phosphorus [22]. The constants obtained here is an indication that these materials (sawdust and peanut
shell powder) could be good sorbents for phosphorus. The better fitness of the Freundlich model compared to
Langmuir’s model confirms the heterogeneous nature of adsorbent surfaces.
𝑙𝑜𝑔 𝑞 = 𝑙𝑜𝑔 𝐾𝑓 + 1/𝑛 𝑙𝑜𝑔 𝐶𝑤

(2)

4- Conclusions
From the analysis carried out, the following conclusions result:

• Sawdust has a much higher adsorption capacity than peanut shell powder for phosphorus removal from water.
• The amount of phosphorus removed after 300 min of interaction was approximately 78% and 39% for 0.4 g
sawdust and 0.4 g of peanut shell powder respectively

• The equilibrium time for phosphorus ions was not obtained for either adsorbent during the analysis, but
adsorbent dosage for sawdust and peanut shell powder were achieved at 0.4 g and 0.6 g respectively

• The adsorption process is strongly affected by parameters such as adsorbent dosage, contact time, adsorbate
concentration etc.

• The adsorption isotherms following the Freundlich model predict the heterogeneous nature of the adsorption.
It is recommended that the adsorbents be tried on polluted waters in the real environment to check their applicability
and that method be developed further to ascertain the equilibrium time and the possibility of regeneration of adsorbents.
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