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Abstract: Phosphorus is the element that promotes growth in plant. However, over loading of phosphorus into
surfaces water leads to severe environmental problems known as eutrophication. Improper treatments of
phosphorus removal prior discharges from industrial effluent are one of the contributions to eutrophication. Textile
effluent is one of the sources of phosphorus loading in surface water with concentration of 1-9 mg/L P. Since
attentions are given in removing the color from the effluent, phosphorus is commonly ignored in wastewater
treatment system. Thus, the study of phosphorus removal in textile wastewater is conducted using steel slag system
filter under aerated (ASSF) and unaerated (USSF) condition. The system was set up for influent pH range of 5.30-
7.00 at primary treated wastewater for textile wastewater under aerated and unaerated condition. Sampling was
done twice a week for 12 weeks and analyzed for Total phosphorus concentration. The Activated Carbon (ACF)
filter in the existing treatment system is also sampled to compare the removal efficiency The USSF filter shows
better removal than ASSF filter with 46% to 70% of efficiency removal. Meanwhile, the removal efficiency of
ASSF is 37% to 66%. The adsorbate formed in ASSF is analyzed using SEM-EDX and the precipitation formed in
USSF is analyzed using XRD. This shows that steel slag filter provides promising result in phosphorus removal.
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1. Introduction

Phosphorus (P) is a non-metallic chemical element that is commonly found in nature and a part of natural nutrient
present in aquatic systems. The growth of aquatic plant and algae are supported by phosphorus however; excessive
phosphorus concentrations lead to severe impact on water system which is eutrophication. Eutrophication is a global
enemy when numerous reports on the occurrence all around the world such as United Kingdom, China, and Australia
[1]-[3]. Recently, research conducted by National Hydraulic Research Institute of Malaysia (NAHRIM) stated that 60%
of 90 major lakes in Malaysia reported are nutrient rich which reflects that eutrophication have become one of the
major environmental concerns in Malaysia [4].

Industrial activities are one of the main contributors to P loading in surface water. Malaysia has become as one of
the countries in Southeast Asia with increasing growth rate in population and economy resulting in rapid
industrialization is inevitable. Massive production of industrial activities such as food manufacturing, poultry and
textile industry consumes huge amount of wastewater and produced contaminated water two times greater [5].
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Furthermore, it is the common industries in Malaysia that contribute to phosphorus loading [6]-[8]. Incomplete
treatments of wastewater from these industries prior discharged due to the lack of proper wastewater treatment
management are one of the problems faced by the industries. However, phosphorus loading from textile industry is
commonly neglected as attentions are given more in colour and dye removal. Previous multiple studies have reported
the presence of phosphorus in textile water was too high to be ignored. Studies found that phosphorus presence in
textile wastewater streams are from the range of 1-9.7 mg/L P [9]. Another recent study also mentioned quite similar
range which is from 5.30- 10.33 mg/L. This indicates that textile wastewater, aside from its aesthetically unpleasant due
the color, it also degrading the ecosystem as the contributors of eutrophication.

One of the possible abatement measures in catering eutrophication are at source by preventing phosphorus loading
in surface water. Even 0.1 mg/L of phosphorus can accelerate the algae growth in water bodies thus strengthen the
reasoning need of law enforcement on the allowable discharge limit of phosphorus from industrial effluent in Malaysia
[10]. Realizing the effect of eutrophication toward Malaysia’s water system, phosphorus discharges limit are introduced
in EQA 1974, Environmental Quality (Sewage Discharge) Regulations 2009 in the second schedule. The regulation
requires the wastewater treatment plants to meet the effluent P limit of 5.0 mg/l in Standard A and 10.0 mg/l in
Standard B. However, this limit is not applicable for industrial effluent and the limit value is relatively high compared
to other country. In China, India, and USA, only 1 mg/L of phosphorus are allowed to be discharged from industrial
effluent while for Europe and Hong Kong have 2 mg/L of phosphorus discharge limit [11], [12]. Other well-developed
country such as Europe have stricter discharge limit which are 0.1 mg/L of P [13].

In the last decade, researchers are focusing more on treating wastewater from municipal and domestic effluent that
industrial effluent are often being neglected. Industrial wastewater differs than domestic wastewater which it has
stronger and concentrated phosphorus content depending on the manufacturing processes involve. Therefore, the
treatments are often complicated and high-end technologies are needed for a complete phosphorus removal since
conventional treatments are no longer sufficient. Natural treatment such as waste stabilization pond (WSP), constructed
wetland and rock filter emerged as alternative solutions for phosphorus removal as the treatments shows a promising
result in phosphorus removal [14]-[17]. Among these 3 methods, rock filter is preferable to be used with combination
of natural material as filter substrate to promote high phosphorus removal efficiency. The past research has
demonstrated that material such as fly ash [18], coconut coir pith [19], limestone [20], iron oxide tailing [21] and
electric arc furnace slag [22] have high affinities in phosphorus binding.

Among all of the material available, steel slag showed an outstanding result in phosphorus removal. The presence
of calcium, iron, magnesium and aluminum in the steel slag promotes the removal of phosphorus by adsorption or
precipitation mechanism, or both [23]. The removals of phosphorus are likely to occur from the formation of calcium
phosphate (Ca-P) owing to the high calcium content in steel slag. Other than that, the precipitation of hydroxyapatite
(Cas(PO4)30H; HAP) and octacalcium phosphate (CagH2(PO4)6-5H,0; OCP) also contributed to phosphorus removal
in steel slag filter system by the formation of white crystalline at the bottom of the filter [24]. Besides that, the removal
of phosphorus by adsorption also plays and important role. The adsorption of phosphorus occurs due to the presence of
amorphous oxides or oxyhydroxides which dominate the porous matrix and surface coating of the slag. The ion
exchanges between the hydroxyl group in the wastewater and the oxyhydroxides on the surfaces of the slag are formed
through the formation of monodentate and bidentate complexes as visualized in Fig. 1. However, pH values have an
absolute effect on which mechanism takes place as the presence of hydroxyl group determine whether ion exchange
would occur.
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Fig 1 - Formation of bidentate and monodentate for adsorption mechanisms [25]

Aside from that, the study using steel slag for rock filter methods in textile wastewater are still insufficient and
require in depth understanding. Other than a piece of information that the pH of solution plays an important role in
determining the mechanism involved, the effect of pH towards the mechanism of removal to improves the ability of the
steel slag in removing phosphorus remains unclear. Therefore, this study is conducted to understand the removal
mechanism of phosphorus in textile wastewater, high alkaline wastewater, and its efficiency. Then, to compares the
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mechanism and efficiency of studied treatment with common tertiary treatment system in a treatment plant. Lastly, to
determine the effects of pH towards the mechanism of removal involved. The study of material conditions and behavior
in actual industrial wastewater is important for the full-scale application level so that it will be readily applied or act as
a benchmark for modification. Lack of available solutions leave the industry out of choice other than to implement
high-cost tertiary treatment in removing phosphorus from their wastewater.

2. Methodology

Two units of vertical lab-scale column filters were developed to function as secondary treatment and with the aim
of studying the removal mechanism of phosphorus that occurs in slightly acidic to neutral pH range of actual
wastewater (5.30-7.00) under aerated and unaerated conditions. The filter was installed in an existing wastewater
treatment plant of the chosen textile manufacturing factory located in Parit Sulong, Batu Pahat. The existing treatment
plant consists of pH adjustment in the equalizing tank, the flocculation tank and the primary clarifier as the primary
treatment system. The wastewater enters the secondary treatment stage of the aeration pond and secondary clarifier and
moves to the tertiary treatment of the activated carbon filter (ACF). Both aerated and unaerated filters were installed
simultaneously and fed with wastewater after the primary clarifier to function as secondary treatment system at the
existing treatment plant to measure its ability to remove phosphorus. The point of filter installed is shown in the Fig. 2.
The column filter with inner diameter of 150 mm, 6 mm thickness and total height of 400 mm were made from Perspex
materials and installed at the textile wastewater treatment plant as shown in Fig. 3. The high concentration of Ca steel
slag with the optimum sizes of 9.5 to 20 mm was used as filter media [26]. The influent of the filter is the primary
treated wastewater that already undergo the pH equalization and flocculation stages of the existing treatment plant with
slightly acidic to neutral pH ranges from 4.89 -7.00. In order to supply the filter with the best flow, the filter was
constructed with hydraulic loading rates (HRT) of 1.04 m3/m3d [26]. For the effluent and sampling point, the influent
was supplied upward from the bottom of the filter to the top of the filter. Figure 4 provides an illustration of the filter
system layout. For the aerated system, a 0.25 L/min air flow was created by connecting the air pump to the tube that
was inserted at the base of the filter. For 16 weeks, both systems were continuously used. The influent and effluent
sampling was performed weekly for each filter for total phosphorus concentration analysis (PO,%) using the WESTCO
Discrete Analyzer, Smartchem 200, France. The steel slag sample was analyzed using a variable pressure scanning
electron microscope (VP-SEM), model Jeol, South Korea, for the determination of the material bind onto the steel slag
surfaces. Then, the precipitation formed are also analysed using X-ray Diffractometer (XRD), Smartlab Rigaku, Japan
to determine the material formed. All analysis was following the Standard Method for the Examination of Water and
Wastewater. Besides that, the effluent from the existing treatment system as tertiary treatment which is Activated
Carbon Filter (ACF) in the water treatment plant are also collected just to compare the ability of removing phosphorus
with the column filter.
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Fig. 2 - Existing wastewater treatment system and point of ASSF and USSF installed
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Fig. 4 - Layout of experimental setup of Steel slag filters system

3. Results and Discussion

The removal of phosphate ion closely related to the pH condition and the alkalinity of the wastewater. High
alkalinity of wastewater provides more hydroxides ion for ion exchange for phosphorus removal through adsorption
while precipitation of Ca-P related materials such as Ca(POa.), are likely to occur at lower alkalinity and pH of
wastewater [27]. The influents have pH value ranging from slightly acidic to neutral which is 5.30 to 7.00. On the
other hand, the effluent pH value of ASSF, USSF and ACF are alkaline which are 7.91 t0 9.12, 7.17 to 9.60 and 6.2 to
7.78 respectively. Since the influent pH lies in the slightly acidic to neutral range, this indicates that the steel slag in
ASSF and USSF does increase the pH of the solution since steel slag was a high alkaline material. The ASSF and
USSF have higher effluent pH range compared to the ACF since ACF effluent have undergo complete treatment from
the existing treatment plant while the ASSF and USSF are only undergo primary treatment. Based on the efficiency
graph illustrated on Fig. 5, both USSF and ASSF showed fluctuation in removal efficiency mainly due to the used of
actual wastewater as influent. Actual wastewater used are closely related to the production of the materials in the textile
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manufacturing factory which change once a week depending on the factory’s production schedule which researchers
have no control in this study. However, the range of phosphorus presence in the wastewater (influent) never exceeding
11mg/L which ranging from 5.2 mg/L to 10.4 mg/L. Since both filters were run simultaneously, this confirms that
every wastewater fed is similar in both filters. USSF shows fluctuation on the removal efficiency from week 1 to 8 and
increasing until week 10. Starting from here, the efficiency decreases until week 16. On the other hand, filter ASSF
shows better removal trend as the removal efficiency increases from week 2 until week 10 which the highest removal
efficiency. Starting from here the efficiency decreases until week 16. Excellent removals of phosphorus shown in ASSF
however USSF performs slightly better as the removal efficiency is higher than ASSF. The removal efficiency of ASSF
was in the range of 37% to 66% while USSF is in the range of 46% to 70%. The USSF was able to remove phosphorus
better than ASSF due to undisturbed condition from aeration. The aeration bubble provide disturbance to the adsorption
where the vibration making the matter released from its attached surface [28]. Aside from that, the efficiency removal
for both ASSF and USSF filters are compared with ACF that installed in the existing treatment as illustrated in Fig. 6.
The comparisons made are only to obtain initial information on upscaling the column filter system for future studies
and also to show that even tertiary treatment is unable to completely remove phosphorus from wastewater. The ACF
removes phosphorus only at efficiency of 36% to 54% which shows that the USSF removes phosphorus better than
ASSF and ACF. Meanwhile, ASSF and ACF have similar fluctuation trend, however ACF performs slightly better than
ASSF.
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Fig. 5 - Phosphorus removal efficiency in (a) USSF, and; (b) ASSF
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Fig. 6 - Comparison of removal efficiency in USSF, ASSF and ACF

The mechanism of removal is likely to be through precipitation mechanism at alkaline pH for USSF.
According to Barca et al. [29], precipitation mechanism occurs when the liberated Ca?* from the exchange site or from
the dissolution of CaCO3, CaO and Ca(OH), were precipitated by phosphate in a neutral to alkaline solution producing
white precipitated in the filter. Furthermore, findings from Hamdan et al. [30] also similar to Barca et al. [29] when
using synthetic wastewater as feed [16]. This result was also similar with both studies where the precipitation was
dominant at alkaline pH for USSF due to the formation precipitated at the bottom of the filter. However, the
precipitates were brown which contradicting with Hamdan et al. [30] and Barca et al. [29] since both of the research
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have white crystalline precipitate. The brown precipitate were probably due to the reaction between Feric oxide present
in the slag which indicates the reaction between the liberated Fe?* or the dissolution of Fe;O,and Fe(OH), from the
steel slag and phosphorus in the wastewater [30]. On the other hand, brown layer of adsorbate was also found on the
surface of the slag formed in ASSF most likely due to the binding of Fe?* presence in the steel slag surfaces with PO,
in the wastewater. Nonetheless, both filters showed promising result in removing phosphorus even though at higher
pH. The adsorbate and precipitation formed are shown in Fig. 7 in ASSF and USSF. In effluent pH range of 7.91 to
9.12, the adsorption likely to occur under aerated condition while precipitations occur in unaerated conditioned with pH
of 7.17 to 9.60. Besides that, the precipitations are brown in colour which shows that the formation of calcium
phosphate did not occur for precipitation mechanism. Furthermore, the layer of adsorbate formed on the steel slag
surface was also in brown colour. The removals of phosphorus are further identified by SEM-EDX analysis done on the
steel slag collected at ASSF. The SEM-EDX detected the phosphorus embedded on the steel slag surface which
confirmed the removal through adsorption on aerated filter system as shown in Fig. 8. On the other hand, the removal
of phosphorus in USSF is determined by XRD analysis on the brown precipitate collected at the bottom of the filter as
shown in Fig. 9. As mentioned above, removal through the formation of Ca-P compound on the steel slag are unlikely
to occur due to the brown color of the precipitate formed on filter. The removal of phosphorus occurs through the
formation of Iron Oxide phosphate, Fe2(PO4) O as visualized in Fig. 9.

() (b) ()
Fig. 7 - Filter condition at (a) initial and after 10 weeks for; (b) ASSF and; (c) USSF

Fig. 8 - SEM-EDX imaging of adsorbate on the steel slag in ASSF
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Fig. 9 - XRD analysis on precipitation formed in USSF

4. Conclusion

The overall performance of all filters is efficient in removing phosphorus however USSF performs a lot better than
ASSF. USSF also able to increases the pH to provide better phosphorus removal condition. The USSF have higher
removal efficiency compared to ASSF with range of 46% to 70%. The removal mechanism takes place for both filter
ASSF and USSF is adsorption and precipitation mechanism respectively. However, USSF performed better than ASSF
and ACF. The SEM-EDX analysis strengthens the finding that removal occurs through adsorption in ASSF with P
found to be bound on steel slag surfaces. The XRD analysis shows that the removal occurs in USSF through the
formation of iron oxide phosphate. Thus, the use of steel slag in removing phosphorus from textile wastewater is
possible. This provides new insight on the application of steel slag filter system in industrial sector as well as new
effort in waste utilizations.
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