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Abstract 

This paper describes the monitoring works of Integrated Fixed Activated System (IFAS) which are 

customized to suit its application in river water treatment plant (RWTP) under River of Life (ROL) project 

that have been monitored by Departments of Irrigation and Drainage (DID) at Klang river and its tributaries.  

There are seven RWTP selected for monitoring and testing since these RWTP are monitored by the 

Malaysian Department of Irrigation and Drainage for River of Life Project. Several types of biological 

carrier in six (6) different RWTPs will be tested for this study. Sampling schedule differ from each RWTP 

depend on its design and numbers of available chamber and its operation as well as weather condition. 

Water quality samples from Inlet and Outlet, MLVSS and TVS in the oxidation tank of the RWTP were 

collected as grab samples for once per month. This IFAS-RWTP can reduce turbidity to acceptable levels, 

and the effluent water can be achieved to NWQS Class II standard as initial target by the JPS. Further 

monitoring and analysis are needed to observe the long-term performance in low strength RWTP process 

in terms of biofilm formation and water quality for better understanding of the IFAS and MBBR processes 
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1. Introduction 

Since 1978, the Malaysian Department of Environment has been monitoring rivers to establish the 

criterion and to measure water quality changes in river water quality which includes identifying the type of 

pollution sources (DOE, 2016). However, many pollutants have emerged rapid changes and these 

compounds are currently not covered by existing water-quality regulations, have not been studied before, 

and are thought to be potential threats to environment ecosystems, human health and safety (Ødegaard, 

2016). Many problems have occurred which have resulted in the degradation of water quality in every urban 

river. Nonpoint source pollutants enter the receiving waters during storm events. Typical pollutants found 

in urban storm runoff include suspended solids, faecal matters, nutrients, chloride, and heavy metals such 

as aluminium, lead, copper, and zinc (Wang et al., 2011). In addition to increased sediment loads, storm 

flows flush nutrients likes Nitrogen (N) and Phosphorus (P), sullage, oils, and metals out of the atmosphere 

and off the pavement (ASCE and Restoration, 2003). 

 

1.1. Biological Process for River Quality Improvement Works. 

Among the different approaches that have been proposed in these last decades, the technology 

known as Moving Bed Biofilm Reactor (MBBR) and Integrated Fixed Activated System (IFAS) as shown 

in Figure 01 is successfully applied in the clean-up of wastewaters from urban, industrial and agricultural 

uses. Currently in Malaysia MBBR and IFAS are customized to suit its application in river water treatment 

plant (RWTP) under River of Life (ROL) project (Mohiyaden et al., 2016). Currently RWTPs have been 

monitored by Departments of Irrigation and Drainage (DID) at Klang river and its tributaries. Each 

treatment work employs unique treatment process with the purpose to improve water quality from existing 

condition to acceptable quality for body contact recreational purpose (DID, 2012). 

Several studies have produced estimates of biofilm growth and IFAS capabilities of removal toward 

certain contaminants in municipal and industrial wastewater (Æsøy et al., 1998; Regmi et al., 2011; Hoang 

et al., 2014), but there is still insufficient data for biofilm’s ability to reduce certain amount of pollutant 

removal for RWTP including turbidity levels. 

 

 

 MBBR System (left) and IFAS System (right) 

   

2. Problem Statement 

Despite of data scarcity, the implementation, operation and performance of IFAS systems in removal 

of pollutants is less reported neither in sewage influent nor river water. Other alternative river treatment 

such as constructed wetlands and tidal flow wetlands have proven to offer a feasible and sustainable solution 
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to the treatment of polluted river (Clifford et al., 2013; Maria et al., 2013). Although these processes may 

require significant land areas, they can be energy efficient, minimal maintenance, and effective treatment. 

Investigation vigorous dynamics of the IFAS system that promotes enhanced biofilm diffusion and 

performance rates of the RWTP systems at the same time, provide a much higher capacity in the same 

volume are the main strategies of this study. This raises the question of how to quantify the amount of 

biofilm formation in RWTP attached growth process and how it will affect the physical performance and 

capacity of river water treatment system. In the other hand, turbidity removal also been analyzed since high 

turbid influent river water may disturb the wastewater treatment plant (WWTP) operation and performance 

(Lu et al., 2011).  

Many urban rivers suffer from organic load pollutant. According to Yang (2003), the pollution load 

of non-point sources in the four major rivers in Korea, non-point sources constitute 22-37% of pollution in 

terms of BOD level only excluding T-N and T-P. the proportion of nonpoint sources is estimated to be 

greater if T-N and T-P included. Polluted river can be treated biologically, provided with proper analysis 

and environmental control. Therefore, Mixed Liquor Suspended Solid (MLVSS) in mg/L/g biomedia will 

be analyzed 

   

3. Research Questions 

1. What is the pollutant removal efficiency in low loading IFAS in tropical river? 

2. What is the biofilm performance rate in the RWTP and how it affects to RWTP performance? 

3. How MLVSS in the RWTP influence the performance of each RWTP? 

4. How RWTP design factor contribute to RWTP performance? 

5. How to predict the kinetic of microbial population in RWTP by using Monod Equation?   

 

4. Purpose of the Study 

This paper describes the application of IFAS and implementation of RWTP as part of ROL project. 

This will become as a new application in upgrading a polluted river water quality. In future, this research 

expects to identify the potential of RWTP system in relation to water quality improvement and biofilm 

technology application for the application in Malaysian river condition. These issues are addressed through 

a twelve-month monitoring program on seven different location of RWTP. The outcome of this study will 

be very useful and fundamental data for the design of better biofilm growth, and optimum maintenance of 

river water treatment projects. 

According to Wu (2017), low loading influent strength into biofilm-based biological process system 

may slower growth of biofilm formation. In doing so, the RWTPs biological performance will be evaluated 

based on the followings criteria; 

 

 Mixed Liquor Volatile Suspended Solid (MLVSS) in the RWTP aerator chamber. 

 Total Volatile Solids (TVS) on the biological carriers 

 Scanning Electron Microscope (SEM) for biofilm development 

 Turbidity Removal Efficiency 
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5. Research Methods 

There are several main activities to collect data at ROL site for this study. 

 

5.1. Site Description  

A research site was constructed starting in the year 2013 for ROL Projects around Wilayah 

Persekutuan Kuala Lumpur and Selangor State. As shown in Fig. 2, there are total seven (7) RWTPs with 

MBBR and IFAS based concept. There are seven RWTP selected for monitoring and testing since these 

RWTP are monitored by the Malaysian Department of Irrigation and Drainage for River of Life Project. 

Several types of biological carrier in six (6) different RWTPs will be tested for this study. 

  

 

 RWTPs in ROL Projects 

 

For this study, several types of biomedia were applied in River Water Treatment Plant (RWTP) as 

a biological process at ROL Project. This study focuses on the evaluation of the biological performance in 

RWTP. These various removal rates will be evaluated in this study with different biomedia characteristic 

such as Surface Roughness, Porosity, Pore Size and Specific Surface Area as tabulated in Table 1. Biofilm 

detachment at the biomedia will be tested in certified laboratory. 

 

RWTP Location Oxidation 

tank 

Oxidation 

tank with 

biomedia 

Biological 

carriers Material Shape 
Surface 

area 

RWTP Sg. Klang 

 

3°11'00.1"N 
101°45'37.0"

E 

8 4 

 

PVC 
Corrugated 

layer 

surface 

243 

m²/m³ 

RWTP Sg. Sering 

 

 
 

 

3°11'41.6"N 

101°45'49.9"

E 

12 6 

 

PVC Corrugated PVC 

RWTP Sg. Kemensah 

 
3°12'22.5"N 
101°45'20.9"

E 

4 

 

 
 

2 

 
layer 

surface 
243 m²/m³ 

layer 

surface 
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RWTP Sg. Gisir 

 3°12'04.0"N 

101°45'31.5"
E 

8 4 

 

PVC Corrugated PVC 

RWTP Belongkong 
 

3°12'25.7"N 
101°42'02.2"

E 

3 3 

 

PP Brush 
49.4 

m²/m³ 

RWTP Sg Kemunsing 

 
 

 

3°11'58.9"N 
101°41'54.3"

E 

3 

 

3 

 

 

PP Brush 
49.4 

m²/m³ 

 RWTP Location and Photo of Monitored RWTP under ROL Projects 

 

5.2. Sampling Procedure 

Sampling schedule differ from each RWTP depend on its design and numbers of available chamber 

and its operation as well as weather condition. MLVSS sampling are referred based on the Figure 3.0 below. 

MLVSS will be tested in Fill Media and Bottle media as illustrated in Figure 1. The location of the 6 

selected RWTP is shown in Figure 2. 3 samples will be taken in every month for duration 1 year for each 

RWTP. Overall, there are 180 MLVSS and 84 TVS and 58 turbidity testing samples will be tested for 1-

year duration. Sample of selected sampling schedule are summarized based on Figure 4. 

 

 

 

 (A) Sampling work for MLVSS Sample (B) MLVSS Sampling Bottle (C) Safety Outfit for 

TVS Sampling (D) TVS Sampling work in RWTP oxidation chamber 

 

Water quality samples from Inlet and Outlet, MLVSS and TVS in the oxidation tank of the RWTP 

were collected as grab samples for once per month as shown in Fig 4. They were sampled into a plastic 

bottle with capacity of 2 litre and sent to certified laboratory for chemical testing as represented in Fig 3. 

A 
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Besides that, an in-situ water quality probe also installed at the bottom of oxidation tank for measuring the 

physical properties of the temperature, dissolved oxygen and sludge height to monitor the performance of 

each plant. Once a month influent wastewater, mixed liquor of the different compartments and effluent 

 

 

 Sampling Schedule for RWTP Sg. Sering 

 

5.3. Analytical Method 

MLVSS, TVS and Turbidity test have been conducted from grab water sample. The key compounds 

required to characterize samples were measured according to the Standard Methods (APHA, 2005). 

 

5.4. Solid Test for Suspended and Attached growth system 

Two parameters recorded to evaluate the biofilm formation in biomedia. The aim of this test is to 

determine the types of solids either total solids, total fixed solids or total volatile solids in the water samples. 

According to Bertino (2010) method, biofilm layer formation is measured using total volatile solid (TVS) 

parameter. To determine TVS, attached biomass fixed in biomass carriers, all seven sample of biomedia 

carriers were taken out of the reactor and kept in porcelain dishes or beakers with water.  

All seven sample of biomedia without biofilm are initially identified and weighted. The biomedia 

was moved manually using knife and needle until the attached biomass on the carriers were slugged off 

from the carriers using recorded distilled water. The GFC Whatman’s 1.2 μm filter paper and porcelain 

dishes were weighted before filtration. Then the solution of biomass and mL water was filtered through a 

filter paper. The filter paper and porcelain dishes were then kept in the oven at 105 ºC at least for 1 hour 

followed by desiccation for 20 min and measured weight as “A”. The filter paper was again kept in a furnace 

at 550 ºC for 20 min followed by desiccation for 20 min and measured weight as “B”. The average biomass 

was calculated as the average TVS value of the acclimatized carriers. Total volatile solid is mostly organic 

matter. TVS were calculated as mention in Equation 1. 

 

TVS =
[A ]−[B]

water sample volume ×biomedia sample weight
         Equation 1 

Where, 

A = Weight of filter and porcelain dish + residue after oven 105°C  
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B = Weight of filter and porcelain dish + residue after ignition  

 

5.5. Turbidity  

Turbidity level is a standard parameter measured in the river. This paper will analyse the capability 

of RWTP to remove turbidity in the river water. Plus turbidity is often tested in many previous research for 

nutrient removal in many biological process (Boye, Falconer, & Akande, 2015; Deng et al., 2016; Zheng 

et al., 2011). 

  

6. Findings 

TVS is defined as dry weight concentration on the biomedia carriers. Measurement of the TVS on 

the carriers was carried out to assess whether there was any biofilm growth or not. The measurement of 

TVS is a roughly approximation of the amount of organic matter present in the solid fraction. The biofilm 

concentration was calculated between the eights of carriers before and after biomass removal, based on the 

number of carriers before and their volume in the reactor. TVS were recorded every month starting 

November 2016. The next stage, for easier prediction of biofilm development, TVS results were calculated 

in cumulative weight based on experiment duration. 

MLVSS test is to determine the operational behaviour and biological inventory of the system. Many 

researchers applied MLVSS for activated sludge assessment beside COD, TOC, biomass growth, sludge 

yield and microbial respiration. The measurement of MLVSS is a rough approximation of the amount of 

organic matter present in the solid fraction. In presence of activated sludge system, it can be an estimation 

of the biomass concentration (Bertino, 2010). For the month November 2016, there are total 18 MLVSS 

samples and 14 TVS samples were recorded.  

 

6.1. MLVSS Result 

A set of data of MLVSS for nine (9) month monitoring as shown in Table 2 below. 

 

Table 01. [MLVSS value for six (6) RWTP from Nov-16 to Jul-17] 

RWTP/Month Nov-16 Dec-16 Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 

Klang 12.30 4.67 3.00 6.33 4.75 6.33 5.00 4.67 8.667 

Kemensah 31.00 5.00 9.33 5.50 6.33 7.33 8.00 5.00 15.333 

Sering 16.33 6.33 6.67 5.00 5.67 2.33 10.67 3.33 4.000 

Belongkong 2.15 1.33 5.00 3.67 2.83 5.67 1.97 3.67 3.000 

Kemunsing 1.00 1.33 2.33 2.00 2.33 1.93 4.67 2.00 2.000 

Gisir 3.50 3.33 4.00 - - 3.67 23.67 34.33 3.000 
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 Average MLVSS for all RWTP from November 2016 to July 2017 

 

Figure 5 shows average MLVSS from November 2017 to July 2017. The highest value of MLVSS 

ever recorded is RWTP Sg Gisir with value 34.33 mg./L on Jun 2017. Second highest is RWTP Sg 

Kemensah with 31.00 mg/L on November 2016. Contrary to expectation, average MLVSS results are 

relatively very low compare to MLVSS content in any activated sludge system (Mannina, Capodici, 

Cosenza, Di Trapani, & Ekama, 2017). This may due to hybrid IFAS system technology that has been 

applied in RWTP and this might be biofilm attached growth would be more dominant.  

Although these unsatisfactory MLVSS value outcomes differ from some published IFAS studies, 

there are several possible explanations for this result. Most previous experimental study did monitor 

suspended solid value despite of measuring attached biofilm on biological carrier surface to evaluate 

biomass in the reactor. Pure MBBR had MLVSS concentration in the bioreactor was similar to the influent 

value (Ahl, Leiknes, & Odegaard, 2006; Di Trapani, Mannina, Torregrossa, & Viviani, 2008; Leyva-Díaz 

et al., 2014). Suspended biomass concentration was relatively low and constant in total three sampling 

location for each RWTP, which indicate that biomass growth was homogenous throughout the IFAS 

biological tanks. 

 

6.2. Turbidity Removal 

The turbidity removal is shown as in figure 6 for 5 months monitoring respectively for all seven 

types of RWTP monitored. 
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 Variation of influent and effluent turbidity and turbidity removal efficiencies of monitored 

RWTPs 

 

In the present study, the influent and effluent samples are collected from the RWTP location may 

exhibit large variations in the concentration of organic and inorganic matter leading to unstable results, as 

detected in the measurement during the initial observation period and the time required to reach steady state 

condition. 

As indicated in the influent level of all RWTPs show a positive relationship between with TSS, 

meaning that a decrease in TSS concentration correlates with a decrease in turbidity levels. Thus, turbidity 

could provide a simple estimate of the TSS concentration in the river water despite not directly measuring 

of TSS in the water (Muhamad, Salim, Lau, Yusop, & Hadibarata, 2016). The efficiency of the RWTPs in 

reduction of turbidity is impressive. A percentage reduction in turbidity of over 90% could be achieved 

with an influent turbidity of 8.9 nephelometric turbidity unit (NTU). RWTP Sg Kemunsing shows the 

highest turbidity removal rate during June 2017 sampling and the lowest removal rate is at RWTP Sg Sering 

during Jun 2017 which as low as 9.8%. The removal efficiency ranking can be produced by calculating of 

mean pollutant removal. The average pollutant removal values were RWTP Kemunsing (56.15%) > RWTP 

Sg Belongkong (54.78%) > RWTP Sg Kemensah (48.92%) > RWTP Sg Gisir (38.68%) > RWTP Sg Klang 

(38.61%) > RWTP Sg Sering (29.80). This IFAS-RWTP can reduce turbidity to acceptable levels, and the 

effluent water can be achieved to NWQS Class II standard as initial target by the DID. However, this 

attached growth biological process suffers from such limitations as the excessive cost of equipment and 

biomedia and high aeration rate capacity.(Wilson et al., 2012).   

 

7. Conclusion 

Findings show the performances of RWTP are promising under local tropical climate and local 

pollutant loading. The water quality of the RWTP effluent good and had satisfactorily achieved WQI Class 

II as targeted. However, the present of attached growth and suspended is consider low and become 

peculiarity for IFAS system. Dilution by frequent rainfall events in the river catchment during rainy could 

be the essential factor in affecting the low loading strength of RWTP system of the outflow. The application 

of IFAS and MBBR in RWTP for ROL project has the potential to improve river pollution as it was proven 

as a good indicator of a viable strategy of integrated river water management that can be implemented in 
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Malaysia. Further monitoring and analysis are needed to observe the long-term performance in low strength 

RWTP process in terms of biomass on behalf of both suspended and attached growth and water quality for 

better understanding of the IFAS processes involved in tropical climate river.   
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