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ABSTRACT 

 Adsorption of pollutants is regarded as quite efficient methods of aqueous waste treatment. Therefore, the paper reports 
elemental composition and preliminary investigation of native Gmelina arborea sawdust as phosphate sorbent from aqueous 
phase. The native Gmelina sawdust was sourced, thoroughly cleaned, and pulverized. Thereafter, the elemental composition 
(using AAS and SEM) and adsorption (batch wise adsorption process) characteristics of the native sawdust towards PO4

3- were 
determined. Assessment of the contact time and mass of the adsorbent effects during the sorption of PO4

3- are also carried out. 
The results of elemental composition showed that the Gmelina sawdust was principally; Cu, C, and K. The kinetics studies for 
the removal of the adsorbate implied that the process attained equilibrium in about 100 min, with % removal of PO4

3- as 56.80. 
From the effect of dosage of adsorbent on the sorption studies, it was found that the more suitable ratio of adsorbate to 
biosorbent is; 1 M: 12.8 g. The biosorption of the phosphate by the sawdust was also confirmed by SEM micrographs. The SEM 
images after the adsorption process produced rough and irregular surface against the more regular and smooth morphology of 
the sawdust before the sorption. Having seen that native Gmelina sawdust is viable for removal of phosphate, we wish to 
recommend that more studies of removal of phosphate from aqueous solution be carried out using a modified form of the 
sawdust. 
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Introduction  
Phosphorus has no substitute, but can be 

continually reused, and is thus a prime example 
of a critical resource that could be utilized more 
efficiently in a circular economy to support 
sustainable growth with less pollution (Withers et 
al., 2015). In addition, it is an essential nutrient in 
aquatic environments (Benyoucefa and Amrani, 
2012). On the other hand, agricultural activities 
have brought about injection of phosphate-rich 
manures and fertilizers to the soil. Also, 
phosphates are present in synthetic detergents; 
and some foods such as; sausages, hams, and 
cheese contain phosphate. However, emissions of 
large amounts of phosphate into the biota 
through farming, mining, and use of synthetic 
detergents can results into high phosphate 
concentrations in the soil and surface water 
bodies (Isiuku et al., 2021 and Adelagun et al., 
2021). 
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Excess phosphate concentrations in turn gives 
eutrophication (a process whereby the 
concentrations of plant nutrients increase), 
resulting in superfluous growth of phytoplankton 
and macrophytes in shallow surface waters. In such 
case, death of algal bloom leading to consumption 
of dissolved oxygen, creating hypoxic and near 
anoxic condition. Such condition further causes 
death of aquatic life, odor, and increase in 
pathogenic organisms. Thus, in many countries, 
stringent regulations limit phosphorous level to 
0.05 mg/L to prevent increased algae growth 
(Benyoucefa and Amrani, 2012). 

More so, electrochemical treatment, 
evaporation, ion exchange, precipitation, reverse 
osmosis, solvent extraction, and adsorption are the 
common techniques of waste water treatment. 
Among these means, adsorption with activated 
carbon has been found to be best because of 
simplicity in operation and design, its sorption 
prowess towards plethora pollutants in short pace 
of time. Very important advantage is that the 
adsorbent; used in adsorption process; can be 
recovered and reused (Isiuku et al., 2021). Know 
that adsorption involves removal of solute 
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(adsorbate) from solution with solid adsorbent 
which has affinity for the adsorbate. Nowadays, 
biomass and agricultural wastes have now been 
fronted as effective alternative of commercial 
activated carbon (i.e. has good adsorption 
capacity). The high cost of the activated carbon has 
necessitated the use of biomass as new carbon 
source. Agrowaste are now being used as 
adsorbents because of their abundant availability, 
presence of porous structure, and 

environmentally-benign (Khan et al., 2013). 

Biosorbent has capacity to remove pollutants 
(heavy metals, hydrocarbons) and nutrients 
(nitrates, phosphates) from water. Similarly, 
diverse adsorbents such as red mud, activated 
alumina, polymeric ligand exchangers, 
iron/aluminum-coated sand, calcium-based 

adsorbents, sugarcane bagasse, rice husk (Ahile et 

al., 2019), sawdust, etc have been studied as 
adsorbents for phosphate removal. In addition, the 
judicious use of biomass (sawdust inclusive) as 
previously advocated will benefit us in efficient 
resource utilization and environmental 
management   (Asemave, 2021 and Asemave and 
Ujah, 2021). 

Large quantities of sawdust can be found in 
Nigeria around sawmills and wood-based 
industries.  The sawdust is largely seen as waste 
and so is underutilized (Akande, 2001). The 
underutilization of the sawdust creates disposal 
problems, which are burdensome (Ogunsanwo, 
2001). However, they can become a valuable 
commodity either as an adsorbent, a raw material 
in manufacturing industries for wood boards, 
light construction materials such as shelves, notice 
boards etc. Moreover, the use of biomass for 
various industrial applications is in line with the 
current trend in Green Chemistry (Philip et al., 
2020).  Lignocellulosic biomas sexhibits effective 
abilities as pollutant adsorbents in their modified 
or unmodified state. Kinetics adsorption of 
phosphate from aqueous system by CaCr LDH 
has been previously reported to be very fast; and 
initial concentration dependent. The kinetic 
modeling for the studies implied that the 
mechanism for the process was chemisorption. 
Furthermore, the solution chemistry played major 
role in the sorption kinetics. Additionally, 
investigation for the removal of phosphate ions 
from synthetic waste water with chemically 
modified sawdust of Pinus halepensis had been 
efficiently demonstrated. The results also 

indicated the phosphate ions binding were rapid; 
and high temperature positively influences the 
sorption of phosphate ions on sawdust. Again, 
from their results it was seen that the biosorption 
equilibrium data obeyed Freundlich models; the 
kinetics of sorption follows the pseudo-second-
order model (meaning the adsorption was 
controlled by chemisorption process) ((Benyoucefa 
and Amrani, 2012). Therefore, the aim of this work 
was to study elemental composition and 
preliminary investigation of native Gmelina arborea 
sawdust as phosphate sorbent. 

Materials and Methods 
Materials / Apparatus/Equipment  
Volumetric flask (100 mL), beakers, crucibles, filter 
paper, muffle furnace, hot plate, desiccator 
(activated with Silica gel), measuring cylinder, 
spatula, mortar and pestle, oven, magnetic stirrer, 
Scanning Electron Microscope (SEM), Soxhlet 
apparatus with flask, condenser and heater, weight 
balance, thermometer, anti-bumping granules. In 
addition, potassium dihydrogen, phosphate, 
hexane/ethanol, hydrochloric acid, sodium 
hydroxide, and sulphuric acid were used. 
Methods 
Sample collection  
The sawdust of “Gmelina arborea” was used as a 
sorbent for the removal of phosphate from aqueous 
solutions. The specie was gotten from the Industrial 
layout in Makurdi, Benue State, Nigeria. The 
“Gmelina arborea” sawdust was washed several 
times with distilled water to remove surface 
adhered particles and soluble materials and then 
oven dried. The oven dried sawdust was pounded 
to reduce particle sizes and sieved.  
Preparation of calibration curve of phosphate  
About 1.3609g of potassium dihydrogen phosphate 
(KH2PO4) was accurately weighed and dissolved in 
distilled water and the volume was made up to 
1000 mL in a volumetric flask. The working 
phosphate solutions (standard) of different 
concentration (0.029 M – 0.088 M) were prepared by 
its serial dilution of the stock solution. The 
absorbances of the solution were obtained using 
UV -Visible spectrophotometer after addition of 
phosphate tablets to each standard solution. 
Thereafter, the calibration curve was constructed. 
From the calibration curve, the equation (y = 
16.299x) was derived with R2 = 0.981).  
Determination of heavy metals: The homogenized 
sample of 1.24 g was weighed in a 250 mL beaker, 
10 mL 50% of HNO3 was cautiously added and the 
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beaker was covered with watch glass (to prevent 
evaporation and contamination of the sample) 
then it was heated to 950C, and the solution was 
allowed to reflux for 10-15 min. The solution was 
cooled and 5 mL concentration of HNO3 was 
added and refluxed for another 30 min at 950C, 
again the solution was cooled and 5 mL 
concentration of HNO3 was added and covered 
with watch glass, and was allowed to reflux for 
another 30 min at 950C. then the solution was 
allowed to evaporate to about 5 mL, again it was 
cooled and 2 mL of deionized water and 30% of 
H2O2 was added and was covered with watch 
glass and heated slowly to initiate peroxide 
reaction, the beaker continued to be heated until 
effervescence subsided, then 7 mL of 30% H2O2 (1 
mL at a time) was added while heating so that the 
sample will receive 10 mL 30% H2O2, it was cooled 
and 5 mL concentrated HCl and 10 mLdeionized 
water was added and covered with watch glass to 
let the solution reflux for an additional 15 min 
without boiling. The solution was cooled and 
transferred into a 100 mL volumetric flask while 
filtering with whatman filter paper and was 
finally diluted to the mark with deionized water. 
The acid-digested solution can be used by both 
macro and trace mineral measurement in AAS.In 
addition, SEM was also used to evaluate the 
elemental composition of the sawdust; FOV: 877 
µm, Mode: 15kV - Map, Detector: BSD Full; as 
previously performed by Isiuku et al., (2021). 
Adsorption of the phosphate at different time: The 
adsorption of phosphate by the adsorbents was 
studied at various adsorption durations (20, 40, 60, 
80 and 100 min.) This was done by weighing 1 g of 
each of the adsorbents into the conical flasks 
containing 100 mL 0.0588 Mof Potassium 
dihydrogen phosphate solutions and the flasks 
were stirred using a magnetic stirrer for various 
periods of time. At the end, the mixtures were 
filtered and the filtrate was analysed for residual 
PO4

3-.The % removal of PO4
3- was determined as: 

�����

��
 x 100%; where, Ci and Cf are the initial and 

residual concentration of the PO4
3- respectively. 

Effect of Adsorbent Dose: The adsorption of 
phosphate by adsorbents of Gmelina sawdust was 
investigated using the following adsorbent doses: 
0.25g, 0.50g, 0.75g, and 1.0g in 100 mL of 
0.0588Mpotassium dihydrogen phosphate by 
keeping other variables constant (contact time = 20 
min and temperature = 25 °C). After adsorption 
time was completed the adsorbents were removed 

from the solution and the concentration of residual 
metal ion in each solution was determined using 
UV-visible spectrophotometer. Then the % 
removals were also determined accordingly. 

Results and discussion 
Metalsanalysis: Before the phosphate sorption 
studies by the sawdust was performed, the 
elemental (C, Ca, Ag, K, Cl, S, Sr, P, Al, Si, O, Mg, 
Ti, N, Fe, and Zn) composition of the sawdust was 
determined using SEM. The levels (% wt 
concentration) of some of the elements as 
determined with SEM (Fig. 1). The most abundant 
of the elements is C (17.21 wt%); whereas, nitrogen 
with wt% concentration of 0.47 was observed as the 
element with lowest amount. More so, zinc and 
iron were not detected in the sawdust by the SEM 
method. Across these elements the order of their 
abundance is: C > Ca >Ag > K > Cl > S > Sr > P > 
Al > Si > O >Mg > Ti > N > (Fe = Zn). With the very 
high C amount this sawdust can serve as a good 
source of carbonaceous material for plethora uses. 
There are a lot of emergent applications of sawdust. 
Thus, it is appropriate to fathom their elemental 
make-up so as to be able to predict and direct its 
utilization. Unfortunately, there was little literature 
about the elemental compositions of many 
sawdust; in spite of the fact that they are quite 
abundant. 

Furthermore, the sawdust was evaluated for 
the presence of some metals (Cu, K, Mg, Ni, Mn, 
Zn, Na, Cd, and Pb) using AAS (Fig. 2). The metal 
analysis using the AAS revealed that the highest 
concentration of 63 mg/kg was obtained for Cu. 
This was followed by K (15.541 mg/kg), Mg (8.4 
mg/kg), Ni (6 mg/Kg) and Mn (2.3 mg/kg), Zn (0.2 
mg/kg), Na(0.2 mg/kg), and Cd (0.1 mg/kg). 
However, Pb was not detected in the Gmelina 
sawdust. The order of the occurrence of these 
metals determined is given as follows; Pb< Cd <Na 
<Zn <Mn <Ni< Mg <K< Cu. The elements K, Mg, 
and Zn were compared in terms of their 
concentrations from the two methods, AAS and 
SEM. The levels of the metals follow the same trend 
(K > Mg > Zn) for both methods (Fig. 3). This is a 
good indication of precision for these methods in 
terms of the analysis for elemental composition of 
the sawdust. 

The elemental composition results were in 
agreement with previously reported values by 
Sihem et al., (2012) that the cereal waste has the 
following composition; Cu(143%), C (41.24%), 
O(24.25%), K(5.21%),N(2.85%), Mg (2.40%), H  
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Fig. 1: Levels of the elements from sawdust using SEM

Fig. 2: Amount of the elements from sawdust using AAS

Fig. 3: The levels of the K, Mg, and Zn as determined from SEM and AAS

Fig. 4: Effect of contact time on adsorption of Phosphate using 
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Fig. 5: Effect of Mass of sawdust on adsorption of Phosphate using gmelina sawdust 

(1.14%),Ca(0.97%), S(0.30%), Na(0.25%),and 
Cl(0.20%). Copper had highest levels as compared 
to any of these elements, followed by C. And Na 
was lowest in amount. When related to results of 
the present study, similar trends can be observed. 
Their results trend (Cu> C> O > K > N > Mg > H > 
Ca > S >Na > Cl) turned out to be comparable to 
what is found in the present studies. This implied 
that cereal waste and Gmelina sawdust are rich 
sources of Cu, C, and K. In addition, the sawdust 
also has high levels of Ca and Ag. Furthermore, 
Isiuku et al. (2021) also found similar these 
elements present in rubber pod husk with similar 
% concentrations as the ones obtained in the 
Gmelina sawdust above. However, the % 
compositions of these elements as presented by 
Isiuku et al., (2021) were from the pyrolyzed 
rubber pod husk; unlike the Gmelina sawdust 
which was from its native state. By and large, 
these biomasses all gave high amount of C, 
representing that they are good carbonaceous 
materials for relevant applications.  
Adsorption of phosphate at different time 
From the above characteristics, then PO4

3- 

adsorption studies were consequently carried out 
by testing the % removal of the phosphate using 
the sawdust at different times of 20, 40, 60, 80, and 
100 min, respectively. The initial amount of the 
phosphate used for the studies was 0.0588Mwith 1 
g of the sawdust (Fig. 4). 

From the results, it can be seen that the 
adsorption increased linearly from 30.44% for 20 
min to 56.80% in 100 min. The % removal of PO4

3- 
increased more rapidly between 20 to 80 min, but 
became slower or somewhat steady between 80 
and 100 min. Oftentimes,  % adsorption do 
increase with time as previously reported in 
similar studies Khan et al., (2013). In addition, this 
was so because at the earlier times the biosorbent 

has more available site for sorption hence higher 
rate of reaction was found. On the other hand, since 
the rate of reaction is becoming steady between 80 – 
100 min, it implies the adsorption has approached / 
attained equilibrium, as similarly described in the 
past. 

More to this, an experiment was also 
performed with initial amount of PO4

3- as 0.0588 M 
and contact time of 20 min for varying mass of the 
sawdust; 0.25 g, 0.5 g, 0.75 g, and 1 g, respectively. 
The % removal of the phosphate was as 
represented (Fig. 5). It can be observed that when 
the adsorbent dosage increased from 0.25 g to 1.00 
g, the adsorption of phosphate also increased from 
20 – 30%. After the adsorbent dosage exceeded 0.50 
g, the adsorption of phosphate increased slowly 
with the increase in adsorbent dosage. Thus, the 
most appropriate initial amount of the phosphate to 
the sawdust is 0.0588 M: 0.75 g(1 M :12.8 g). The 
increase in phosphate amount adsorbed with 
increase in adsorbent dosage is similar to other 
authors from literature on the adsorption 
phosphate using different adsorbent (Harmayani 
and Anwar, 2012). Furthermore, Adsorption of 
nutrients from stormwater using sawdust was 
reported by Harmayani and Anwar (2012) which 
found removal of NO3-N and NO2-N as 100%, 
while NH3-N removal was 55%. 
SEM images 

SEM micrographs were also obtained before and 
after the sorption of the phosphate onto the 
sawdust. The images of the SEM were described. 
The micrographs from SEM revealed the surface 
morphology of adsorbent derived from Gmelina 
sawdust before and after adsorption. It was showed 
a shinier and less rough surface (Fig. 6) and rough 
and irregular surface was showed ((Fig. 7). 

The rough surface could be attributed to 
the impregnation of the phosphate ions on the 
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surface of the Gmelina in the course of the 
adsorption process. Similarly, Ilyas et al. (2013) 
found that the SEM micrograph of peanut shells 
were initially regular and became completely 
irregular in surface appearance after sorption of Cr 
(IV). The findings totally support the SEM 
micrographs evidence in our hands about the 
removal of the PO4

3- using the sawdust. 

 
 Fig. 6: SEM image of the sawdust before sorption of phosphate 

 
Fig. 7: SEM image of the sawdust after sorption of phosphate 

Conclusion  
Adsorption of pollutants is regarded as quite 
efficient methods aqueous waste treatment. 
Therefore, the paper reports elemental 
composition and preliminary investigation of 
native Gmelina arborea sawdust as phosphate 
sorbent. The native Gmelina sawdust was sourced 
and thoroughly cleaned. Thereafter, the elemental 
composition (using AAS and SEM) and adsorption 
(batch wise adsorption process) characteristics of 
the native sawdust towards PO4

3- were 
determined. Assessment of the contact time and 
mass of the adsorbent effects during the sorption 
of PO4

3- are also carried out. The results of 
elemental composition showed that the Gmelina 
sawdust was principally; Cu, C, and K. The 
kinetics studies for the removal of the adsorbate 
implied that the process attained equilibrium in 

about 100 min, with % removal of PO4
3- as 56.80. 

From the effect of dosage of adsorbent on the 
sorption studies, it was found that the more 
suitable ratio of adsorbate to biosorbent is; 1 M: 12.8 
g. The biosorption of the phosphate by the sawdust 
was also confirmed by SEM micrographs. The SEM 
images after the adsorption process produced 
rough and irregular surface against the more 
regular and smooth morphology of the sawdust 
before the sorption. Having seen that native 
Gmelina sawdust is viable for removal of 
phosphate, we wish to recommend that more 
studies of removal of phosphate from aqueous 
solution be carried out using a modified form of the 
sawdust. 
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