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ABSTRACT - Inadequate treatment of oily wastewater discharge can contribute to an
increase in the levels of both biological oxygen demand (BOD) and chemical oxygen demand
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coagulants in particular chitosan as an alternative to the chemical coagulants available in the
market. However, minute studies have been reported in discussing the correlation between KEYWORDS
the aging effect of the bio-coagulant and its performance. Thus, this paper presents research Oily wastewater
on the aging effect of bio-coagulants for treating oily wastewater. In this study, G-Treat was Bio-coagulant
used as the bio-coagulant, which was produced from chitosan powder, acetic acid, and Chitosan
deionized water. The experimental procedure started by filling 500 mL of oily wastewater into G-Treat
Wastewater treatment

a beaker. Next, 10 wt. % of G-Treat was added into the beaker for the jar test, which was
mixed for 30 min at 150 rpm, followed by 2 hours settling time. Then, the mixture was
separated using filter paper. The analysis of oily wastewater characteristics was conducted
using five types of analyses, which are pH, chemical oxygen demand (COD), biological
oxygen demand (BOD), total suspended solids (TSS), and oil and grease (O&G) under the
parameters of days (0-7 days), weeks (0-6 weeks), and months (0-3 months). From the
result, the best performance of G-Treat was achieved at the optimum parameters during week
2, with 33.16%, 65.75%, 35.73%, 28.58%, and 0% removal of pH, COD, BOD, TSS, and O&G,
respectively. In conclusion, the studied bio-coagulant demonstrated higher removal of pH,
COD, BOD, TSS, and O&G at optimum parameters, and eventually, the level of effectiveness
will drop.

1.0 INTRODUCTION

Oily wastewater is one of the main pollutants emitted into the water by industries and domestic sewage [1]. Emulsions
are widely used as emulsified coolants in metal processing, and also as lubricating oil in power plants, coolants, or
lubricants. Usually, this type of oily wastewater will be drained or treated until it has lost its efficiency. Under the waste
category of Malaysia Environmental Quality (Scheduled Waste) Regulation 2005, this waste can be categorized as oil
and hydrocarbon. The scheduled waste code for this type of oily wastewater is SW314, which can be described as oil or
sludge from an oil refinery plant maintenance operation [2]. Oil and hydrocarbon type of scheduled waste is in the top
four waste categories produced yearly [3]. Therefore, it is important to treat the waste to avoid it from getting to the top
of the list of inappropriate disposals.

Throughout the year, advancements in wastewater treatment technologies have been developed. One of them is using
coagulation-flocculation to treat wastewater. Chemical treatment is typically conducted through coagulation-flocculation
[4]-[6]. Most of the chemicals used as coagulants in these processes can cause health problems. The toxicity of the treated
oily wastewater increases due to the reaction between colloidal particles in the oily wastewater and the chemical coagulant
[71, [8]. Therefore, this study examines the aging effect of bio-coagulants for treating oily wastewater. Oily wastewater
has been proven to be dangerous for the environment. Adsorption can be considered the most advanced and efficient
method for residual treatment by selectively removing organic compounds. It is practical to create a coagulant or
technology that is both efficient and environmentally beneficial for treating oily wastewater before it is discharged [9].
Oily wastewater contains a significant amount of emulsified oil, which is very difficult to separate from aqueous media.

In Malaysia, most of the industrial waste is transferred to Kualiti Alam Sdn. Bhd. for treatment. Being a developing
country is no exception to the global trend of sewage sludge volume that increases annually. Industrial sludge disposal
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will necessitate additional post-processing. According to statistics, Malaysia produced roughly 3 Mt of sewage sludge
each year, with the amount increasing each year [10]. Hence, almost RM 7 billion is spent every year to treat wastewater
[11]. As a company spends a lot of money on wastewater treatment, it is likely to have a considerably less expensive
treatment facility with high-performance treatment. Coagulation-flocculation offers various advantages for treating
industrial wastewater. However, it has been proven in various studies that chemicals (e.g., aluminium salts, acrylamides)
that are used in the process can cause health problems. During the treatment procedure, artificial polymers and other
unwanted substances could react with other components [12]. Conventional chemicals used for coagulation include
aluminium or iron-based salts. The most widely used are metal-based coagulants because of their low cost, wide
availability, and high removal efficiencies. However, metal-based water purification coagulants can have drawbacks.
They can change the pH of the water because they deplete alkalinity, resulting in the addition of lime or soda ash to
maintain the pH levels. They also cause the production of large quantities of sludge and the presence of residue metals in
the sludge [13]-[16]. Research on a biological approach that acts as a coagulant has been proven to be efficient in treating
oily wastewater. The performance of a coagulant is influenced by the characteristics of oily wastewater, which is
dependent on the method utilized, as each approach has its advantages and disadvantages [17]. Therefore, this research
was conducted to determine the optimum efficiency of bio-coagulants to treat oily wastewater after storage.

The objective of this research is to study the aging effect of bio-coagulants for treating wastewater treatment. In
meeting this objective, several scopes of work have been identified, which are characterizing and analysing wastewater
samples before and after treatment in reducing pH, chemical oxygen demand (COD), biological oxygen demand (BOD),
total suspended solids (TSS), and oil and grease (O&G); characterizing the aging effect of bio-coagulant in terms of pH,
viscosity, Fourier transform infrared (FTIR) absorbance, and ultraviolet-visible (UV-Vis) absorbance; and comparing the
storage time efficiency and aging factor of bio-coagulant in reducing pH, COD, BOD, TSS, and O&G.

In this research, G-Treat was used as a bio-coagulant to treat oily wastewater. G-Treat was produced using three
materials: chitosan, acetic acid, and distilled water. Chitosan is derived from the exoskeletons of a marine invertebrate
(i.e., prawn). It is a white amorphous solid suggested as a coagulant due to its biodegradable properties. As this polymer
is only soluble in dilute acidic solutions, many of its applications are limited [18]—[20]. Chitosan are hydrophilic chemicals
that are not harmful to humans and are easily obtainable. Numerous polymers that are found in nature naturally have
cationic qualities that may be altered to create cationic polyelectrolytes that are flocculants in solid-liquid separations
[21], [22]. Chitosan is widely regarded as safe for health since it is non-toxic like most natural polymers. Chitosan is a
cost-effective, highly biodegradable method of treating water at the point of use. They also are unlikely to create treated
water with an excessive pH (beyond the WHO recommended range of 6.5 to 8.5) [23], [24].

The aging of chitosan plays a critical role in determining the effect of oily wastewater treatment. Chemical aging is
an important and complex process, which involves the loss of volatiles and oxidation. When chitosan is subjected to high
temperatures, such as during manufacturing, transportation, and laying of the mixture, the oxidation and volatilization
processes, which are slow at ambient temperature, are accelerated. These processes are irreversible. Following the
compaction of the mixture, oxygen diffuses rapidly through linked air gaps, which is known as the oxidation process [25].

20 METHODS AND MATERIAL
2.1  Experimental Materials

Approximately 30 L of oily wastewater was collected from the waste of a cafeteria at Universiti Malaysia Pahang Al-
Sultan Abdullah (UMPSA). The sample was collected from the cafeteria, as oily wastewater is released into the oil trap.
The oily wastewater emits a strong odour and dark colour. So, this sample has been taken as an effort to treat the oily
wastewater by using G-Treat. The samples were kept in a jerry can, sealed tightly, and labeled before being transferred
to the laboratory. The samples collected were refrigerated at around 4 °C to avoid the occurrence of bioactivities. Analysis
was conducted within 24 hours of the collection of the sample. About 9.5 L of G-Treat was produced in the laboratory,
and analysis was performed within 24 hours of the production of the bio-coagulant.

2.2 Experimental Procedures

Characterization of Oily Wastewater ’

[ Preparation of G-Treat ]

[ Characterization of G-Treat ]

[ Jar Test Procedure

[ Laboratory Analysis ]

Figure 1. Flow Chart of the Experimental Procedure
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2.3 Characterisation of Oily Wastewater

The characterisation of oily wastewater was carried out in the MNR Lab, UMP Holdings and Central Lab, UMP. pH,
FTIR spectroscopy, viscosity, and UV-Vis spectroscopy were carried out to characterize the oily wastewater. The methods
are based on the Examination Manual of Water and Wastewater [30]. Table 1 summarizes the analysis methods.

Table 1. Analysis methods for oil

Analysis Test Method Equipment

pH ASTM D1293-18 [26] Seven Easy pH, Mettler-Toledo

FTIR ASTM D7889-13 [27] Nicolet Summit FTIR
Spectrometer

Viscosity ASTM D445-21 [28] HK-265 Kinematic Viscosity
Apparatus

UV-Vis ASTM D2800-12 [29] Hach Model DR/2400 and

HACH Reactor

The pH meter and electrodes are calibrated using at least two buffer solutions that have pH values close to the expected
sample pH. The sample is measured under strictly controlled procedures and techniques [26].

The FTIR has established the characteristic infrared spectroscopic signals associated with key in-service monitoring
characteristics. This technique provides property values based on examining each characteristic's infrared spectroscopic
signature. The essence of this method is to capture the fundamental chemical patterns linked to each characteristic for in-
service fluid analysis using a self-contained field device and coupled wipe-clean transmission cell [27].

The viscosity test measures the time taken for a set volume of liquid to flow by gravity through the capillary of a
calibrated viscometer under a reproducible driving head and at a closely regulated known temperature. The kinematic
viscosity (measured value) is the product of the measured flow time and the viscometer's calibration constant. Two such
measurements are required to calculate a kinematic viscosity result that is the average of two acceptable measured values
[28].

The UV-VIS analytical method is based on rapidly saponifying the oil with methanolic sodium hydroxide followed
by boiling the soaps with BF3-methanol in the same vessel to quantitatively convert the fatty acids to methyl esters. The
methyl esters are separated from the mixture by adding a saturated salt solution [29].

2.4 Preparation of G-Treat

Chitosan powder was used as a starting material in preparing G-Treat. Chitosan powder was activated by diluting
acetic acid to produce a gel-like substance. A ratio of 7:2:91 for chitosan: acetic acid: deionized water was used to produce
a certain chitosan concentration. 35 mL of acetic acid was added into 455 mL of deionized water. Then, 10 g of chitosan
powder was added slowly into the stirring solution and stirred for 15 minutes. Finally, 500 mL of prepared G-Treat was
stored in a glass jar for further use. This ratio is based on the data from previous research [18]-[20].

2.5 Characterisation of G-Treat

The characterisation of G-Treat was carried out in the MNR Lab, UMP Holdings and Central Lab, UMP. pH, FTIR
spectroscopy, viscosity, and UV-Vis spectroscopy were carried out to characterize G-Treat. The methods are based on
the Examination Manual of Water and Wastewater [30].

Table 2. Analysis methods for G-Treat characterisation

Analysis Test Method Equipment

pH ASTM D1293-18 Seven Easy pH, Mettler-Toledo

FTIR ASTM D7889-13 Nicolet Summit FTIR
Spectrophotometer

Viscosity ASTM D445-21 HK-265 Kinematic Viscosity
Apparatus

UV-Vis ASTM D2800-12 Hach Model DR/2400 and

HACH Reactor
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2.6 Jar Test Procedure

A jar test apparatus was used in this experiment to treat oily wastewater. A batch test was conducted with a series of
three beakers, each having a stirring device. Each jar contains 500 mL of oily wastewater and 10 wt. % of G-Treat. The
experiment was conducted at 150 rpm for 30 minutes and then settled for 2 hours. The experiment was repeated 18 times
based on the parameters (0—7 days, 0—6 weeks, and 0—3 months) [31].

2.7  Laboratory Analysis

The analysis of the treated sample was carried out in the MNR Lab, UMP Holdings. The analysis of pH, COD, BOD,
TSS, and O&G was conducted. These methods are based on the Examination Manual of Water and Wastewater [30].
Table 3 summarizes the analysis methods.

Table 3. Analysis methods for laboratory analysis

Analysis Test Method Equipment

pH ASTM D1293-18 Seven Easy pH, Mettler-Toledo

COoD ASTM D1252-06 (2012) Hach Model DR/2400 and
HACH Reactor

BOD ASTM D1252-60 Yellow Springs Model 5010
and BOD Incubator

TSS ASTM D5907-18 Laboratory apparatus

0&G ASTM D3921 Laboratory apparatus

3.0 RESULTS AND DISCUSSION
3.1  Characterisation of Wastewater Samples Before and After Treatment

Characterization and analysis of wastewater samples before and after treatment were done to study the effectiveness
of the bio-coagulant in reducing pH, COD, BOD, TSS, and O&G. Each analysis was conducted for three different
parameters: days, weeks, and months. The characterization of oily wastewater samples was conducted first before a further
investigation was done to understand the nature and behaviour of oily wastewater samples. The sample was compared
with Standard A and Standard B of the water quality standard limits set by the Department of Environmental Malaysia
(DOE) [32]. The comparison will provide a guideline for choosing the most optimum efficiency to treat oily wastewater
after being stored.

Table 4. Characterisation of wastewater samples

Analysis Unit Water Quality Standards Oily Wastewater
Standard A Standard B Sample

pH Value - 6.0-9.9 5.5-9.0 4.59

COD mg/L 50 100 5,105.5

BOD5 mg/L 20 40 196.5

TSS mg/L 50 100 466.7

0&G mg/L 1.0 10 10

Table 4 lists the values for the analyzed oily wastewater samples before the treatment. Based on Table 4, Standard A
under the water quality standard is more rigid compared to Standard B. This is because Standard A is applicable as a
regulation at water catchment areas, which includes the area upstream of the surface or above the sub-surface of
waterways, mainly directed to the community and for human use.

Figure 2 shows the pH values before and after treatment of wastewater samples under three parameters (days, weeks,
and months). The pH values before treatment are higher than after treatment with day 0 (D-0), week 2 (W-2), and month
0 (M-0) recorded the lowest values out of all days, weeks, and months, respectively. The pH of the sample became more
acidic due to the presence of acetic acid as one of the components in producing G-Treat. pH is the concentration of
hydrogen ions in a solution [33]. From the result, the lower the pH, the lower the hydrogen ion concentration. The initial
pH value was higher than after treatment. When chitosan is introduced into a strong acidic environment, it can produce
de-emulsification, which causes the droplet size to grow. Thus, the adsorption of oil may be effective [34], [35].
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Figure 2. pH Values Before and After Treatment. BT: Before Treatment, D: Day, W: Week, M: Month.

Figure 3 presents the COD values before and after treatment of wastewater samples under three parameters (days,
weeks, and months). The COD values before treatment are higher than after treatment with day 7 (D-7), week 1 (W-1),
and month 2 (M-2) recorded the lowest values out of all days, weeks, and months, respectively. The COD test is used to
determine the quantity of oxygen needed to oxidize organic matter in wastewater samples by chemical oxidation [36].
Based on Figure 3, it can be concluded that the higher the COD value, the higher the oxygen stripping capacity of the
waste when it is discharged into receiving water. The COD value decreased significantly from day 1 until day 7 and
became inconsistent throughout the weeks until month 3. The dosage of the coagulant may affect the COD value within
the specified time. The high percentage of COD removals in the oily wastewater was due to the high charge density of
chitosan and this property helped to occur rapid destabilization of the particles in less amount of chitosan [37].

Figure 4 shows the BOD5 values before and after treatment of wastewater samples under three parameters (days,
weeks, and months). The BOD5 values before treatment are lower than after treatment with day 3 (D-3) and month 0 (M-
0) recorded the highest values out of all days and months, respectively. Furthermore, the BODS5 value before treatment is
lower than after treatment, except for week 2 (W-2). The BOD test is done to measure the amount of dissolved oxygen
required by aerobic microorganisms to determine organic matter present in a sample of water at a certain temperature
[38]. The trend shown above is slightly different from the data from a previous study that highlighted the usage of chitosan
can help to reduce the BOD5 by up to 92% [39]. Based on this research it can be concluded that the dosage of chitosan
in the G-Treat must be further enhanced to improve the performance in terms of BOD reduction. Even though the BOD
values in all ranges of time are higher than Standard A and Standard B but are still within the optimum range.

Figure 5 presents the TSS values before and after the treatment of wastewater samples under three parameters (days,
weeks, and months). The TSS values before treatment are higher than after treatment with day 0 (D-0), day 5 (D-5), day
6 (D-6), week 0 (W-0), week 6 (W-6), and month 2 (M-2) recorded the lowest values for the respective parameter. The
TSS test measures the total concentration of suspended solids in waste [40]. Based on Figure 5, it can be concluded that
a lower TSS value indicates lower solid generation due to a decrease in BOD loading. Figure 6 shows the O&G values
before and after treatment of wastewater samples under three parameters (days, weeks, and months). The difference in
O&G values is smaller before and after treatment. Thus, it is considered insignificant.
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Figure 3. COD Values Before and After Treatment. BT: Before Treatment, D: Day, W: Week, M: Month
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3.2 Characterisation of Aging Effect on G-Treat

Characterisation of the aging effect on G-Treat is important to be conducted before adding the bio-coagulant to the
oily wastewater sample to determine the level of effectiveness of the bio-coagulant in reducing pH, COD, BOD, TSS,
and O&G. In this experiment, pH, FTIR spectroscopy, viscosity, and UV-Vis spectroscopy were used to understand the
nature and behavior of the bio-coagulant. The aging effect or period effect on G-Treat was investigated to evaluate the
outcome or performance of G-Treat in a certain period.

Figure 7 depicts the aging effect of bio-coagulant on pH values under three parameters (days, weeks, and months).
The figure shows an increment of pH values under days, an increment of pH values from week 0 (W-0) until week 2 (W-
2) and dropped subsequently. The figure also indicates an increment of pH values until month 2 (M-2) and dropped
subsequently. pH plays a major role in coagulant-particle interaction for optimal neutralization and agglomeration in
flocculation [41]. With an increase in pH, the species become charged, resulting in a change in the mechanism.
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Figure 8 illustrates the aging effect of bio-coagulant on FTIR absorbance under three parameters (days, weeks, and
months). The figure shows a decrement of FTIR absorbance except on day 2 (D-2), a decrement of FTIR absorbance on
week 1 (W-1), followed by an increment of FTIR absorbance on week 2 (W-2) and dropped subsequently, and a decrement
of FTIR absorbance until month 2 (M-2) and increased subsequently. The range of wavelengths in the infrared region
absorbed by a material is measured via FTIR analysis [42]. From the result, the absorbance of the bio-coagulant decreased
over time due to the aging effect.
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Figure 9. Aging Effect of Bio-coagulant on Viscosity. D: Day, W: Week, M: Month
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Figure 9 depicts the aging effect of bio-coagulant on viscosity under three parameters (days, weeks, and months). The
figure shows an increment of viscosity until day 4 (D-4) and dropped subsequently. Meanwhile, the viscosity reached its
peak on week 2 (W-2) and dropped subsequently, and an increment until month 1 (M-1) before the viscosity fluctuated.
Viscosity increases with molecule length; therefore, as charge density rises, polyelectrolyte chains are stretched further
due to increased electrostatic repulsion between charged units [43].

Figure 10 illustrates the aging effect of bio-coagulant on UV-Vis absorbance under three parameters (days, weeks,
and months). The figure shows an increment of UV-Vis absorbance under days, whereas the UV-Vis absorbance dropped
in week 1 (W-1), rose again, and then dropped subsequently. The figure also shows an increment until month 2 (M-2)
before the UV-Vis absorbance dropped subsequently. Spectral absorption is a measurement of the amount of ultraviolet
or visible light absorbed by a water sample of a given path length. Absorption is directly proportional to the concentration
of matter in the sample [44]. From the result, it can be concluded that the higher the value of UV-Vis absorbance, the
higher the light absorption of G-Treat.

3.3 Efficiency of Storage Time and Aging Effect in Treating Wastewater Samples

As the bio-coagulant tends to lose its efficiency over time, it is important to determine the efficiency of storage time
and the aging effect in treating wastewater samples in reducing pH, COD, BOD, TSS, and O&G.

Figure 11 shows the storage time efficiency and aging factor of bio-coagulant in reducing pH values under three
parameters (days, weeks, and months). The figure shows that day 0 (D-0) is the most efficient day at 20.53%, week 2 (W-
2) is the most efficient week at 33.16%, and month 0 (M-0) is the most efficient month at 17.70%. From the result, the
efficiency of pH removal decreased over time, resulting in the declining performance of bio-coagulants in treating pH. It
was observed that the trends for all parameters were almost identical but with different percentages of reduction for
particular pH. From the jar test experiment, the curves for the graphs were in a U-shape form for the COD level and
turbidity level versus pH.
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Figure 11. Storage Time Efficiency and Aging Factor of Bio-coagulant in Reducing pH. D: Day, W: Week, M: Month

Figure 12 presents the storage time efficiency and aging factor of bio-coagulant in reducing COD under three
parameters (days, weeks, and months). The figure shows that day 7 (D-7) is the most efficient day at 83.70%, week 1 (W-
1) is the most efficient week at 84.90%, and month 2 (M-2) is the most efficient month at 87.00%. From the result, it can
be concluded that the longer the storage period, the efficiency of the bio-coagulant in reducing COD increases. The
performance of bio-coagulant in reducing COD increased until a certain period (M-3) where it eventually dropped.
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Figure 13 shows the storage time efficiency and aging factor of bio-coagulant in reducing BOD5 under three
parameters (days, weeks, and months). The figure shows that day 5 (D-5) is the most efficient at -18.50%, week 2 (W-2)
is the most efficient week at 35.73%, and month 1 (M-1) is the most efficient month at -23.38%. From the result, it can
be concluded that all BOD5 values are considered at unfavorable conditions as the efficiency reached negative values,

except for week 2 (W-2) [45]. The efficiency of the bio-coagulant in reducing BOD dropped after it reached the optimum
time.
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Figure 14 presents the storage time efficiency and aging factor of bio-coagulant in reducing TSS under three
parameters (days, weeks, and months). The figure shows that day 0 (D- 0), day 5 (D-5), and day 6 (D-6) are the most
efficient days at 71.43%, week 0 (W-0) and week 6 (W-6) are the most efficient weeks at 71.43%, and month 1 (M-1) is
the most efficient month at 71.43%. From the result, it can be concluded that the bio-coagulant efficiency depends on the
absorption of the amount of sample during the heating and drying procedure. The more the bio-coagulant dried, the higher
the efficiency of storage time and aging factor of the bio-coagulant. The performance of bio-coagulant drops if TSS is not
removed properly, causing a high concentration of TSS in the sample [46]. Figure 15 shows the storage time efficiency
and aging factor of bio-coagulant in reducing O&G under three parameters (days, weeks, and months). The efficiency of
O&G is at 0% due to the small difference; hence, it is considered insignificant.
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4.0 CONCLUSION

The present study of the aging effect of bio-coagulants for oily wastewater treatment can determine the optimum
conditions of bio-coagulants in treating oily wastewater. Treating oily wastewater using bio-coagulants is a good approach
for protecting nature and also human health. Despite being a good solution for treating oily wastewater, it is unavoidable
that bio-coagulants have a time limit, unlike chemical-based coagulants. Based on the results, the treatment of wastewater
using G-Treat was the most effective on week 2 (W-2) and the level of effectiveness of G-Treat dropped subsequently.
This is because the aging factor of bio-coagulant causes the performance of G-Treat to drop in treating oily wastewater.
Hence, it is recommended to treat oily wastewater at the optimum time of bio-coagulant for optimum efficiency.
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