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Abstract

The presence of large amounts of phosphorus in
wastewater is one of the primary causes of eutrophication,
which has a detrimental impact on many natural water
bodies. Prior to discharge to the stream, wastewater
treatment plants should remove phosphorus from the
effluent. In this study, (POC) is used as submerged
attached growth systems to be introduced into the aeration
tank of activated sludge systems which was evaluated for
the removal phosphorus PO, from synthetic wastewater.
The experiments were conducted into different influent
flow rates ranging from 5, 10, 15, 20, 25, and 30 L/d.
Sampling was conducted every two days from the influent
and effluent points. Parameters such as Phosphorus were
monitored. Generally, PO, was highly removed. The
average removal of PO, reached 88% for reactor A while
77% for reactor B with flowrate 5L/d. While for the first
order kinetic model the substrate removal rate (K;) was
found as 5 and 3.9 per day with a correlation coefficient
(R*) of 0.9721 and 0.9718 for reactor A and B,
respectively.
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1 Introduction

Phosphorus is a vital mineral for plant and animal devel-
opment. However, phosphorus enrichment in water bodies
such as rivers, and, lakes could cause abnormal development
of hydrophytes, resulting in degradation of water quality
and, eventually, eutrophication (Weihrauch and Weber
2020). Thus, phosphorus should be removed from domestic
and industrial wastewater before being discharged into the
stream (Bawiec 2019; Ayaz et al. 2012).

These nutrients are clearly in charge of the eutrophication
(abnormal development of algae caused by an excess of
nutrients in water bodies) of rivers, lakes, and oceans across
the world. As a result, wastewater disposal creates a con-
tinual danger to the world's fresh water supply (Stewart et al.
2008; Noor et al. 2021).

Before discharge wastewater into bodies of water, phos-
phorus removal is typically required; but, in many situations,
this is not done, resulting in widespread pollution on a global
scale (De-Bashan and Bashan 2004). To remove phosphorus
from wastewater, many techniques are currently used. While
some of them are utilized in large-scale treatment facilities,
others are just experimental initiatives, and as a result, are
still being utilized on a short scale basis (De-Bashan and
Bashan 2004). Phosphorus is eliminated in all situations by
transforming the phosphorus ions in wastewater into a solid
fraction. This percentage may consist of an insoluble salt
precipitate, a microbiological mass in activated sludge, or
plant biomass in built wetlands. Because phosphorus is
extracted alongside other waste products, some of which are
hazardous, these methods do not recycle phosphorus as a
really sustainable product (Robles et al. 2020).
Non-solubilized phosphates are either buried in landfills
following organic waste incineration or utilized as sludge
fertilizer if the treatment plant removes human pathogens
and hazardous chemicals (Jagaba et al. 2021). In this
research, the Palm Oil Clinker by-product, the residue from
the steam boiler of the palm oil mill (Al-dhawi et al. 2020),
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is to be used as an attached growth system. The POC will be
processed before being applied as an attached growth sys-
tem. The effectiveness and efficiencies of using Palm Oil
Clinker as attached growth media in the combined attached
growth/conventional system in the removal of Phosphorus
will be evaluated.

each reactor. All the reactors were run in suspended mode.
Reactor A was act as Palm Oil Clinker submerged media in
aeration tank and received the feeding from an influent
source. Reactor B was act as control and received the
feeding from influent sources. Operating parameters moni-
tored during the study include (POy).

2 Methods and Materials

Two parallel continuous flow activated sludge systems
treating synthetic domestic wastewater. In Reactor A, POC
was used as the submerged attached growth media while
Reactor B was used as a control reactor. Aeration and
clarifier zones are present in both reactors A and B as shown
in Fig. 1.

Continuous activated sludge reactor (CASR), reactors
were fed synthetic wastewater until they reached a steady
state. The working sludge age was maintained between 15
and 25 days. To realize the required sludge, about 10 mL of
(MLSS) was taken every two days from the aeration tank for

Fig. 1 Process flow schematic
(CASR)

Effluent B

Fig. 2 Influent and effluent

3 Results and Discussion
3.1 Experimental Results for Removal
of Phosphorus PO,

Phosphorus removal in the experimental operation was
shown in the Fig. 2. The experimental approach evaluated
the impact of flow rate on phosphorus removal. The flowrate
was varied in the range of 5, 10, 15, 20, 25, and 30 L/d,
respectively. The average influent PO, was at 9 and 11 mg/L
at various. The average effluent PO, was at 1.1, 1.7, 2.3, 2.7,
3, and 3.4 mg/L and 2, 2.5, 3, 3.5, 4, and 4.5 mg/L for
reactor A and B, respectively.
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Fig. 3 First order substrate removal plot for phosphorus

The results at steady-state conditions show that POy
removal was high at longer HRT. The PO, removal was at
88, 81, 74.4, 73.3, 70, and 66% and 77.7, 72.2, 66.6, 65, 60
and 55% for reactor A and B, respectively, with decreasing
HRT for reactor A and B, respectively, in the range of 5, 10,
15, 20, 25 and 30 L/d, the results indicated the acclimation
of phosphorus was successful in the reactor. Phosphorus
taking up by microbes and used up by microbes for their
nutrient’s wastewater (Yuan et al. 2012).

It was found out that the PO, removal efficiency slightly
reduce with changing in flow rate. It is well known that short
HRT alters the dynamic balance, composition, and spatial
distribution of the ecological structure of microbial systems
and could decrease substrate removal efficiency due to
incomplete biodegradation (Ma et al. 2009). The increase of
flowrate coincides with an increase in substrate concentra-
tion and metabolic activities. The consumption of substrate
results in cell synthesis and growth. Thus, at higher HLR,
more substrate is supplied to the microorganisms which
increases their metabolic activities.

3.2 First-Order Kinetic Model for PO,

The steady-state data were fitted into the plot of So-Se/HRT
Versus Se in Fig. 3. The substrate removal rate (K;) for
reactors A and B was determined to be 5 and 3.9 per day,
with correlation coefficients (R*) of 0.9721 and 0.9718,
respectively. The magnitude of the first-order removal rate
obtained in this research was greater than the report of Isik
and Sponza (Isik and Sponza 2005), who obtained a K, of
0.615 per day in a UASB reactor treating wastewater, and
lower than the report of Amin et al. who obtained a K; of
49.81 per day in a non-adapted treating wastewater (Amin
et al. 2014).
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4 Conclusions

The performance of palm oil clinker showed high efficiency
in removing phosphorus more than control in all experi-
mental conditions. The average removal of PO, reached
88% for reactor A while 77% for reactor B with flowrate 5
L/d. While for the correlation coefficient (Rz) of 0.9721 and
0.9718 for reactor A and B, respectively. The submerged
media provided a large surface area for biomass. The sub-
merged media served as a filtration medium for nutrient
removal throughout the study.
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