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Pollutants from sewage wastewater are major concerns due to their environmental 
effects. Thus, an effective sewage wastewater treatment plant is important to ensure 
discharged effluent is well treated before it can be released to rivers or water streams. 
This study aims to evaluate the performance of the Activated Sludge Hi-Kleen 
Treatment Plant (ASHTP) located at H Block (ASHTP at H Block) and L Block 
(ASHTP at L Block) in UiTM Sarawak Branch, Samarahan Campus, Sarawak, 
Malaysia. The evaluation was based on physicochemical and removal efficiency namely 
pH, temperature, turbidity, chemical oxygen demand (COD), and total suspended solids 
(TSS) from raw influent and treated effluent. The findings indicated that the overall 
performance of both ASHTP at H Block and L Block were satisfactory where treated 
effluent meets the standard discharge limits of Environmental Quality (Sewage) 
Regulations 2009 (Standard B). For ASHTP at H Block, the removal efficiencies of 
turbidity, COD, and TSS were found to be 86.00, 13.76, and 88.02% respectively, in 
which the pH, temperature, turbidity, COD, and TSS of the treated effluent were 7.30, 
28.10°C, 10.40 NTU, 14.10 mg/L and 8.90 mg/L respectively. Meanwhile, for ASHTP 
at L Block, the removal efficiencies of turbidity, COD, and TSS were found to be 43.20, 
41.90, and 51.61% respectively, in which the pH, temperature, turbidity, COD, and TSS 
in the treated effluent were 7.30, 27.90°C, 21.10 NTU, 58.10 mg/L and 18.00 mg/L 
respectively. Proper maintenance of sewage treatment plant is important to ensure its 
effectiveness as well as to prolong its lifespan. 
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Contribution/ Originality: This study contributes to the existing literature about the evaluation and 

performance of the Activated Sludge Hi-Kleen Treatment Plant (ASHTP). The findings of this study are beneficial 

for the plant operator to achieve optimum operation of the system to ensure full compliance with the standards and 

preserving the environment. 

 

1. INTRODUCTION 

As the human population and urbanization increase, demand for clean water is crucial, especially in urban areas. 

Discharge of wastewater particularly from domestic sewage wastewater is one of the challenges in providing a clean 

water supply. Pollutant from domestic sewage wastewater has high impurities including organic and inorganic 

materials, suspended and dissolved solids and microorganisms [1]. Untreated sewage wastewater discharged to 

water resources is harmful to the water ecosystem as it causes detrimental effects on human health that could be 

carried by water-borne diseases.  Therefore, a proper sewage treatment process to treat the wastewater must be 

made available to reduce the negative impacts on human health and the environment caused by the discharge of 

untreated wastewater.  

Sewage treatment plant is designed to treat sewage wastewater so that the physicochemical properties of the 

treated sewage wastewater meet the water quality standards set by the legislative board before it can be discharged 

to the environment [2]. During the treatment process, the sewage wastewater system produces a solid residue 

known as sewage sludge; a complex solid by-product which accounts for half of the capital cost in establishing the 

sewage wastewater treatment plant [3]. Solid waste management in the wastewater treatment process is carried 

out by processing the sludge before it can be directly disposed of or undergo a thermochemical process to be 

converted into valuable products for environmental application [4, 5]. 

One of the available sewage wastewater treatment plants to remove contaminants from sewage wastewater is 

the Activated Sludge Hi-Kleen Treatment Plant (ASHTP). One of the existing ASHTP is currently used by 

Universiti Teknologi MARA Sarawak Branch, Samarahan Campus, Sarawak, Malaysia, which has 31 – 5000 

populations equivalent (PE). It has been operating for more than 20 years. There are two (2) units of ASHTP 

established on the campus; one is located at H Block area named ASHTP at H Block, while the other one is located 

at L Block area named ASHTP at L Block. ASHTP was established as a sewage wastewater treatment plant on the 

campus due to its simple design, fast installation, low operation and maintenance cost with small land area 

requirement. The sewage wastewater treatment process by ASHTP consists of four main stages namely, (1) 

screening, (2) equalization, (3) aeration, and (4) sedimentation. In the first stage, screening involves the removal of 

large objects which cause blockage and damage to the equipment during the wastewater treatment process.  

Removal of grit which travels along the flow of the sewage wastewater is also carried out during this stage. [6]. In 

the second stage, which is the equalization stage, the flow rate or hydraulic velocity of the influent is controlled by 

an equalizer [7]. In the third stage, aeration involves the application of air or oxygen to reduce solid organic matter 

content by treating the wastewater in oxygen-rich conditions [8]. The reduction of solid organic matter content is 

aided by bacteria which plays a vital role in consuming the contaminants in the wastewater [3, 9]. In the final 

stage, sedimentation involves the settlement of the remaining solid organic matter in the wastewater, whereby the 

organic matter is pulled down by gravitational force and is settled down on the bottom surface of the tank as 

sediments [10]. These sediments are now known as sludge, which is mainly processed under aerobic or anaerobic 

digestion [11].  

The performance of ASHTP as a sewage treatment plant is measured by evaluating the effluent quality which 

must comply with the Environmental Quality (Sewage) Regulations 2009 under Environmental Quality Act (EQA) 

1974 [12]. In the evaluation of the effluent quality, sewage wastewater parameters including pH, temperature, 

turbidity, chemical oxygen demands (COD), and total suspended solids (TSS) are measured [13]. pH value or 
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potential hydrogen ions of the wastewater is used to measure the concentration of hydrogen ions (H+) in the 

influent wastewater which gives a significant impact on microbial growth rate in a biological treatment process 

[13]. In a biological treatment process, the irregular pH value of raw wastewater will significantly decrease the 

rate of organic compounds removal from the environment, which causes the biological oxygen demand (BOD) 

measurements to become seriously affected [1]. Temperature is a vital factor that affects the reaction rate during 

sewage wastewater treatment [13]. Turbidity is an optical property that determines the clarity of water [14]. The 

water turbidity is influenced by the concentration of total suspended solids and total dissolved solids which come 

from the soil, sediment, organic matters, and inorganic matters [15]. TSS refers to the total amount of solids that 

are larger than 2 microns that can be found in the body of the water [16]. COD is a parameter to measure the 

required amount of oxygen for chemical oxidation during the water treatment process so that carbonaceous organic 

matter can be decomposed and stabilized [17, 18]. 

Performance evaluation is a piece of fundamental knowledge on functional performance to identify future 

enhancement of the process [19]. Due to the long period of more than 20 years of the ASHTP operation,  it is 

predicted that failure in the sewage wastewater treatment system, such as failure of mechanical equipment and 

structures, wastewater overflow, or failure in biological treatment system can take place. [20] Such failure can 

decrease the performance of the sewage wastewater treatment plant.  Therefore, it is important to evaluate the 

performance of the sewage treatment plant to ensure the treated wastewater meet the standard discharge limits set 

by the authorities. Furthermore, well-maintenance based on proper evaluation can prolong the lifespan of the plants 

and avoid any discrepancy between the plants. Thus, this study was carried out to evaluate the performance of both 

ASHTP used in the UiTM Sarawak Branch. This is to ensure that the performance of the treated effluent 

discharged is well accepted as well as to maintain the performance condition of the treatment plant.  

 

2. MATERIAL AND METHODS 

2.1. Activated Sludge Hi Kleen Treatment Plant (ASHTP) Process Flow 

Figure 1 shows the locations of ASHTP at H Block area and at L Block area in the Universiti Teknologi 

MARA (UiTM) Sarawak Branch, Samarahan Campus, Sarawak, Malaysia. A ground observation was conducted to 

evaluate the performance requirement of both ASHTP to ensure its functionality. 

 

 
Figure-1. Location of the ASHTP in UiTM Sarawak Branch, Samarahan Campus. 
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Figure 2 shows the schematic diagram of the ASHTP process flow which consists of (1) screen chamber, (2) 

pump sump, (3) equalization tank, (4) aeration tank, (5) clarifier, and (6) sludge concentration tank. For ASHTP at 

H Block, sewage wastewater was discharged from the academic units in the H Block area as indicated in Figure 1. 

As for ASHTP at L Block, sewage wastewater was discharged from the laboratory units in L Block.  

 

 
Figure-2. Activated Sludge Hi-Kleen Treatment Plant (ASHTP) process flow. 

 

Primarily, the raw sewage wastewater flowed into the screening chamber, whereby large objects were blocked 

by the mechanical screen and the water which flowed through it was channeled to the equalization tank by using a 

mechanical pump sump. The sewage wastewater then flowed into an aeration tank which was connected with two 

air blowers that supplied oxygen and created an aerobic condition in the aeration tank. As the aeration tank was in 

aerobic condition, tiny bubbles of oxygen were formed and the organic compound in the wastewater was 

metabolized. These two air blowers operated alternately and were controlled by using a timer. The aerated sewage 

wastewater was then siphoned into a clarifier tank in which the treated sewage water was discharged as effluent, 

whereas heavy pollutants settled at the bottom of the clarifier. From the clarifier, the sludge was collected inside the 

sludge concentration tank and then was manually disposed. 

 

2.2. Sewage Wastewater Sampling 

The raw sewage wastewater samples were taken at the screen chamber. The samples were taken in the range of 

15 – 30 cm below the wastewater surface for analysis. The treated sewage wastewater samples were taken at the 

effluent discharge which flows from the clarifier. Sampling was done three times in weekly intervals. The samples 

were collected using a 500 mL wide-mouth plastic bottle and transferred into 1500 mL transparent plastic bottles. 

The samples were then stored at 10 – 15°C before further analysis was carried out. To measure the performance of 

the ASHTP, the samples were analyzed for pH, TSS, COD, turbidity, and temperature. 

 

2.3. In-Situ Measurement 

The physical parameters namely; turbidity, temperature, and pH of the water sample were determined 

immediately as they can change significantly over time. Baird, et al. [21] before analysis, the instruments used to 

measure the physical parameters were calibrated and all samples were agitated gently in ensuring a representative 

measurement. Turbidity was measured using a portable turbidity meter (Hanna Instruments, Malaysia) while pH 

value was measured using a pH meter (Mettler Toledo, USA). On the other hand, the temperature was measured 

using a digital thermometer (Alla, France).  
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2.4. Laboratory Analysis 

The laboratory analyses to measure COD, TSS, and turbidity were conducted based on the Standard Methods 

for the Examination of Water and Wastewater [21]. 

 

2.4.1. Chemical Oxygen Demand (COD) 

The test was carried out based on the US EPA reactor digestion method which applies HACH 

spectrophotometer. 100 mL of water sample was homogenized, and the spectrophotometer was preheated at 150°C.  

2 mL of water sample was added to the COD digestion reagent vials.  A blank sample was prepared using the same 

method. Both the water sample and blank sample were then heated for 2 hours. Samples inside the vials were cooled 

for 20 minutes and the vials were inverted several times before measuring the COD of the water.  

 

2.4.2. Total Suspended Solid 

 A filtered paper (Whatman GF/F glass fiber filter, nominal pore size, 0.7 µm) was dried in the oven at 100°C 

for 1 h to remove the moisture content. After 1 h, the mass of the dried filtered paper was recorded. Then, 10 mL of 

the water sample was filtered. The residue was desiccated until the changes in the mass of the residue and the 

filtered paper became constant. The mass obtained was then recorded. TSS in influent and effluent wastewater were 

determined using Equation 1. 

V

BA
LmgTSS

1000)(
)/(

−
=

         (1) 

where TSS = total suspended solids (mg), A = mass of filter paper + mass of desiccated residue (mg), B = mass 

weight of initial filter paper (mg), and V = volume of sample (10 mL = 0.01 L). 

 

2.4.3 Turbidity  

The turbidity of the water samples was analyzed using a turbidity meter (Model: HACH DR900).  15 mL of 

water sample was poured into a vial.  The vial was then inserted into the turbidity meter and where measurement 

was taken. The measurement was conducted in triplicates for three different water samples. 

 

2.5. Removal Efficiency of a Pollutant 

The removal efficiency of COD, TSS and turbidity by the ASHTP was calculated by using Equation 2 [1]: 

%100(%) 
−

=
o

eo

C

CC
E

         (2) 

where E = removal efficiency (%), Co = concentration of a specific pollutant in influent (mg/L or NTU), and Ce = 

concentration of a specific pollutant in effluent (mg/L or NTU). 

 

3. RESULTS AND DISCUSSION 

3.1. Raw Sewage Wastewater Characteristics  

Table 1 shows the characteristics of the influent samples taken from the screen chambers. All water parameters 

were compared to Standard B [12]. For ASHTP at H Block, the influent pH, temperature, turbidity, COD, and TSS 

were found to be 7.4, 22.1°C, 74.3 NTU, 16.35 mg/L, and 74.30 mg/L respectively. Meanwhile, for ASHTP at L 

Block, the influent pH, temperature, turbidity, COD, and TSS of raw wastewater were found to be 7.25, 28.25°C, 

37.15 NTU, 100 mg/L, and 37.20 mg/L respectively. All parameters except turbidity at H Block and COD at L 

Block were within the Standard Discharge Limits given by the Department of Environment (DOE) Malaysia. 
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Table-1. Characteristics of influent sewage wastewater samples. 

Parameter Unit ASHTP @ H Block  ASHTP @ L Block Standard Discharge Limitsa 

pH  7.40 7.25 5.5 – 9.0 
Temperature °C 22.10 28.25 40 
Turbidity NTU 74.30 37.15 50 
COD mg/L 16.35 100 100 
TSS mg/L 74.30 37.20 100 

Note: aEffluent of Standard B (Environmental Act 1974) [12]. 
 

3.2. Performance of Activated Sludge Hi-Kleen Treatment Plant (ASHTP) 

Table 2 shows the overall performance of ASHTP generated at the areas of H Block and L Block. Both ASHTP 

exhibited their ability to remove pollutants from the sewage wastewater treatment plant, which lead to significant 

removals in turbidity, COD, and TSS. 

 

Table-2. Characteristics of influent and effluent sewage wastewater at ASHTP at H Block and L Block. 

Parameter Unit 

ASHTP Influent 
Average 

ASHTP Effluent Range 
(Average) 

Standard 
Limitsa 

H Block L Block H Block L Block 

pH  7.40 7.25 7.10 – 7.80 (7.30) 7.20 – 7.60 (7.30) 5.5 – 9.0 
Temperature °C 22.10 28.25 25.45 – 30.30 (28.10) 25.80 – 28.90 (27.90) 40 
Turbidity NTU 74.30 37.15 6.80 – 16.50 (10.40) 12.25 – 45.35 (21.10) 50 
COD mg/L 16.35 100 12.15 – 16.00 (14.10) 30.75 – 97.30 (58.10) 100 
TSS mg/L 74.30 37.20 2.15 – 16.50 (8.90) 14.85 – 22.80 (18.00) 100 

 

3.2.1. pH 

The pH values of the sewage wastewater were within the range of 7.1 – 7.8 which met the standard discharge 

limit set by the authority, Malaysia.  The changes in pH value of the treated sewage wastewater are attributed to 

the decomposition of organic matter. This causes the sewage wastewater to become either acidic or basic, which 

causes the microbe to have its structure modified and its growth subsequently inhibited. However, some microbes’ 

systems can tolerate changes of pH in the water and can thrive in the acidic or basic environments of the water[3]. 

In the ASHTP system, the nitrification process occurs naturally in the aeration tank. During the nitrification 

process, the HCO3
- level in the water decreases while the H2CO3 level increases. This led to a decrease in the pH 

value of the treated wastewater [1]. The findings indicated that both ASHTP at H Block and ASHTP at L Block 

have optimum pH values for the nitrification process that took place in the aeration tanks.  

 

3.2.2. Temperature 

The temperatures of the influent and effluent at both ASHTP were between 22.1 and 30.3°C, which were below 

the maximum permissible limit of 40°C as stipulated by the regulation. Malaysia is a tropical country with a stable 

ambient temperature throughout the year that influences the temperature of both influent and effluent temperature 

results. In addition, the collection of all water samples took place during sunny days. For a biological process, 

wastewater temperature is important as microbial growth can be affected by temperature [13]. The biological 

process by microbes inside the treatment plant can operate at optimum temperatures of 25 – 35°C. The rate of the 

biological activity accelerates as the wastewater temperature becomes warmer, but the activity declines when the 

wastewater becomes extremely hot or cold [1]. Thus, the temperature of water in ASHTP at H Block and ASHTP 

at L Block was ideal for wastewater treatment.  

 

3.2.3. Turbidity 

Substantial removal of turbidity can be seen after the treatment process as shown in Table 2. The average 

turbidity of sewage wastewater reduced from 74.30 to 10.40 NTU at ASHTP at H Block, while reduction for 
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ASHTP at L Block was from 37.15 to 21.10 NTU.  This result shows that the turbidity of both effluents was 

satisfactory as they were below the permissible limit of 50 NTU. In Malaysia, alum is commonly applied in the 

water treatment plant due to its cost-efficiency [22]. Application of bio-coagulants derived from various types of 

natural resources is also being used to reduce turbidity and total suspended solids due to their efficiency, abundant 

source, cheap price, and biodegradability [13]. However, in the ASHTP only aeration was applied which provided 

the microbes with oxygen for the biological process to take place to reduce pollutants naturally.  

 

3.2.4. Chemical Oxygen Demand (COD) 

The average COD reduced from 16.35 to 14.10 mg/L at ASHTP at H Block while for ASHTP at L Block, the 

reduction was from 100 to 58.10 mg/L. The COD for effluent wastewater at both ASHTP units was below the 

maximum permissible limit of 100 mg/L. COD measurement is important as it evaluates the effectiveness of the 

biological treatment process in the sewage treatment system [23]. In the biological treatment, various species of 

microorganisms such as bacteria, protozoa, and fungi participate in removing the COD and BOD [3, 13]. High 

effective contact between the microorganisms and the organic matters which reside in the sewage treatment system 

helps to establish a proper environment and maintain suitable conditions for the microbial life such as temperature, 

pH, and contact time [1]. 

 

3.2.5. Total Suspended Solids (TSS) 

The average TSS concentration in the influent sewage wastewater entering ASHTP at H Block and ASHTP at 

L Block was 74.30 mg/L and 37.20 mg/L respectively, which were below 100 mg/L of the maximum permissible 

limit. These values were then reduced to 8.90 mg/L and 18.00 mg/L at ASHTP at H Block and ASHTP at L Block 

respectively after the treatment process. These results indicated that ASHTP was functioning properly because the 

TSS effluent readings were below the standard limit. 

 

3.3. Removal Efficiency of Physicochemical Parameters 

Sewage treatment plant is required to remove any undesired pollutants from water so the wastewater effluent 

complies with the required quality or discharge standard, indicating treatment efficiency [1]. Table 3 is the 

summary of the treatment efficiencies of ASHTP at H Block and ASHTP at L Block in removing turbidity, COD, 

and TSS. For ASHTP at H Block, turbidity, COD and TSS removal efficiencies were 86.00, 13.76, and 88.02% 

whereas for ASHTP at L Block, the removal efficiencies were 43.20, 41.90, and 51.61% respectively. 

 In terms of turbidity, the removal efficiency of ASHTP at H Block (86%) was higher than ASHTP at L Block 

(43.20%). For COD concentration, the ASHTP at H Block (13.76%) has lower COD removal efficiency compared to 

ASHTP at L Block (41.90%).  

Meanwhile, for TSS removal, the ASHTP at H Block (88.02%) has higher TSS removal efficiency compared to 

the ASHTP at L Block (51.61%). The higher percentage of removal efficiency was due to the higher influent values 

of the wastewater. Nonetheless, all the effluent values showed compliance with the standard limits. To further 

improve the turbidity, COD, and TSS removal efficiency, it is suggested that proper maintenance for individual 

units of ASHTP should be carried out due to prolonged periods of operation that may cause a decline in the 

performance of ASHTP as an existing sewage treatment plant [13].  

Table 4 shows a comparison of the treatment efficiency between the ASHTP used in this study, Extended 

Aeration Activated Sludge Treatment Plant (EAASTP) and Kashan Wastewater Treatment Plant (KWTP) [2, 

24]. EAASTP is also located in Universiti Teknologi MARA Sarawak Branch, Samarahan Campus, Sarawak, 

Malaysia, whereas Kashan Wastewater Treatment Plant is in Kashan City, Isfahan, Iran.  
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Table-3. Performance of ASHTP at H Block and L Block. 

Parameter Unit 
Removal Efficiency (%) 

ASHTP @ H Block ASHTP @ L Block 

pH  N/A N/A 

Temperature °C N/A N/A 
Turbidity NTU 86.00 43.20 
COD mg/L 13.76 41.90 
TSS mg/L 88.02 51.61 

 

Table-4. A comparison study on different sewage treatment plants. 

Treatment Planta 
Removal Efficiency (%) 

Reference 
Turbidity COD TSS 

EAASTP 83.00 65.00 55.00 [2] 
KWTP 69.75 70.34 84.71 [24] 
ASHTP @ H Block 86.00 13.76 88.02 This study 
ASHTP @ L Block 43.20 41.90 51.61 This study 

Note: aKWTP, Kashan Wastewater Treatment Plant; EAASTP, Extended Aeration Activated Sludge 
Treatment Plant; AHTP, Activated Sludge Hi-Kleen Treatment Plant. 

 

The pollutant in this study was generally removed during the sedimentation process (physical treatment) and 

aeration process (biological treatment). Climate is one of the major influences in the performance of the biological 

wastewater treatment process.  Whereas Malaysia is a tropical country, ASHTP is a suitable sewage treatment 

system.  The results indicate that the discharged sewage wastewater effluent had optimum pH and temperature.  In 

addition, the biological treatment in the ASHTP was effective in removing up to 41.90% of COD, which was lower 

than the COD removal efficiency for EAASTP and KWTP. COD was removed during the screening and 

sedimentation process and was further reduced during the aeration process. The highest removal efficiency by 

ASHTP was reported for turbidity at 86%, which was higher than the turbidity removal efficiency by EAASTP and 

KWTP. Sedimentation and aeration play major roles in the high removal of turbidity by removing coarse and 

settleable solids found in the sewage wastewater efficiently. Furthermore, ASHTP removed TSS concentration up 

to 88.02%, which was higher than both EAASTP and KWTP. In the physical and biological treatment process, 60 

to 70% and 65 to 95% of total suspended solids will be removed [1]. Findings from this study found that the 

removal efficiency of TSS was adequate. 

There are a few processes that could be recommended to improve the performance of the ASHTP. The removal 

efficiency could be improved by adding a coagulation process into the sewage treatment system as any type of 

coagulant can remove COD, TSS, and turbidity at a higher degree [25]. In addition, proper maintenance for each 

unit must be done to prolong the lifespan of the sewage treatment plant.  The purpose of these recommendations is 

to enhance pollutants removal efficiency and to maintain the good operation of ASHTP in meeting the stipulated 

standards, which can reduce the negative impacts on human health and the environment. 

 

4. CONCLUSION 

This evaluation and performance of Activated Sludge Hi-Kleen Treatment Plant (ASHTP) which has operated 

for more than 20 years and is located at H Block and L Block in UiTM Sarawak (Samarahan Campus) in terms of 

physicochemical characterization was successfully carried out. The overall performance of ASHTP was found 

satisfactory and the operation for an individual unit of the sewage treatment process plant functioned well. All 

selected physicochemical parameters of the treated effluent met Standard B as stipulated in the Environmental 

Quality (Sewage) Regulations 2009. The removal efficiency of turbidity, COD, and TSS for ASHTP was found to be 

43.20 – 86.00%, 13.76 – 41.90%, and 51.61 – 88.02% respectively. Nevertheless, an improvement could be required 

to enhance the removal efficiency, prolong the lifespan, and maintain the performance of the sewage treatment 

system, which in turn enables the sewage treatment system to produce wastewater effluent within the acceptable 



Journal of Asian Scientific Research, 2021, 11(2): 15-24 

 

 
23 

© 2021 AESS Publications. All Rights Reserved. 

range of parameters. For future research, it is recommended to adopt more parameters including biological 

indicators and green index as new quantitative environmental performance indicators to ensure better assessments 

of the performance of ASHTP as a sewage treatment plant. 
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