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ABSTRACT

In this study, batik effluent treatment is carried out using immobilized Chlorella sp. in batch culture mode. This two-
part study first determines the most suitable immobilized carrier matrix for the Chlorella sp. immobilization process. 
In this study, three immobilized carrier, namely starch, carboxylmethyl cellulose, and alginate were evaluated. 
Higher decolorization of batik effluent, at 77.9%, is obtained from the treatment using alginate as a immobilized 
matrix. Further optimization of the effects of pH, light intensity, and microalgae bead concentration on decolorization 
and total nitrogen (TN) removal by alginate- immobilized Chlorella sp. were determined using Box-Behnken design 
approach. The highest decolorization of batik effluent, at 80%, is achieved when the treatment is performed using 
150 microalgal bead concentration, at pH 12, and 1000 lux. The maximum TN removal (71%) with uptake rates 
of 4.9 mg/L/d is observed for the cultivation at pH 7 with 150 microalgae bead concentration, and 1000 lux. The 
increase of pH value and microalgal bead concentration has a strong effect on decolorization and TN removal of batik 
effluent. These results demonstrate that the alginate immobilized Chlorella sp. has great potential to be used as an 
alternative approach to treat batik effluent before its discharge.

1. INTRODUCTION

Batik industry is one of the rapidly growing industries in the East coast 
states of Malaysia, especially Kelantan and Terengganu. This industry 
is generating an enormous contribution to Malaysia’s economic growth 
due to the high demand both locally and abroad [1]. Batik products 
are mostly manufactured by small-scale industries or small medium 
enterprises and are mostly produced in the backyards of homes or 
near the river [2]. There is concern about the large volume of the 
effluent discharge from batik processing that includes a large amount 
of water that contribute to strong color, abundance of suspended solid, 
high chemical oxygen demand (COD), high biochemical oxygen 
demand (BOD), and chemicals during their wet processing. According 
to Yaacob et al. [3], this water pollution issue has gained attention 
by the community in Kelantan, over concerns of water quality. 
Through various processes and the use of products containing certain 
chemicals, the wastewater from batik manufacturing carries a number 
of pollutants such as grease, wax, softening agent, surfactants, dye, 
and many other additives. These recalcitrant chemical substances are 
difficult to remove and non-biodegradable, potentially remaining in 
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the environment for an extended period of time [4,5]. It is found that 
batik industry in Kelantan has the lowest compliance (5%) and does 
not meet the standard B permit limit based on the department’s law 
and regulations [2].

Currently, there are many technologies available to treat batik effluents 
such as physical, chemical, and biological methods [4-6]. However, 
chemical and physical treatment usually present drawbacks in terms 
of cost-effectiveness, complexity of operation, waste generation 
(sludge), and high energy consumption [5]. Biological treatment is 
found to have more advantages compared to physical and chemical 
treatment, which is cheaper and easier to operate [7]. In recent studies, 
there is an increased focus on dye degradation and decolorization of 
the wastewater generated from the textile industry. According to Siti-
Zuraida et al. [5], there is a biological method that uses microorganisms 
such as bacteria, fungi, and algae able to remove dyes with high 
efficiency at low costs from large volumes of wastewater.

Wastewater treatment using microalgae offers more benefits over 
conventional wastewater treatment. For instance, this approach is 
relatively cheap, requires low energy, reduce sludge formation and 
can reduce greenhouse gas emission through sequestering carbon 
dioxide [8]. These microorganisms have the ability to grow in 
autotrophic and heterotrophic conditions, and the biomass produced 
from the wastewater treatment process can be used as feedstock 
for biofuel such as biodiesel and bioethanol. Microalgae have been 
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showed to have the capability to remove color from various dyes 
through biosorption, bioconversion, and bioagulation mechanisms [9]. 
The biosorption capability of microalgae can be attributed to the 
high surface area and high binding affinity during the treatment. 
Furthermore, the microalgae cell surface has a wide range of functional 
groups such as hydroxyl carboxylate and amino phosphate that are 
responsible for the accumulation of ion or dye on the surface of the 
microalgae cell biopolymer.

Different types of microalgae have been tested for decolorization and 
nutrient removal such as Chlorella sp., Desmodesmus sp., Spirogyra 
sp., Chlamydomonas sp., Haematococcus sp, and Scenedesmus 
obliquus [1,9-11]. It is reported that microalgae can decolorize and 
remove nutrients from wastewater with up to 98% effectiveness within 
6 days of cultivation before discharge into the environment. However, 
one of the limitations for the development of microalgae wastewater 
treatment is harvesting and biomass recovery process. To overcome this 
problem, immobilization of microalgae process has been proposed as an 
alternative approach to bypass the harvesting and recovery limitation.

Wastewater treatment using immobilized microalgae has been reported 
to have many advantages over algae free cell. For instance, it requires 
less space, and solves problems during the cell harvesting process. 
Immobilized microalgae are also more stable and resistant to harsh 
environments that contain high salinity, metal toxicity, pH value and 
recovering the concentrated microalgal cells for subsequent process in 
a less destructive way can enhance the cost-effectiveness by reusing 
the regenerated process. Previous studies reported that utilization 
of immobilized microalgae is beneficial for nutrient removal as it is 
effective for removal of phosphate, nitrogen and various metals [12,13]. 
Immobilized Desmodesmus isolated from Jordan, placed in calcium 
alginate were found capable of decolorizing dye up to 98% within 6 days 
of cultivation [14]. In another study, immobilized Chlorella sp. has been 
reported to be useful to remove 48% color from textile wastewater [10].

Based on literature review, there are many information on wastewater 
treatment using algae, but inadequate information on batik effluent 
treatment using immobilized microalgae. The color removal and 
biodegradation of textile wastewater has been prominantly reported 
internationally. However, locally, there are limited reports on 
batik effluent and the decolorization and nutrient removal from its 
wastewater. Therefore, the purpose of this study is to determine the 
efficiency of immobilized microalgae for batik effluent treatment. 
The optimization of decolorization and total nitrogen (TN) removal is 
evaluated using a statistical approach, Box-Behnken Design (BBD). At 
the end of the study, the BOD, COD, decolorization, and TN removal 
are evaluated. The information generated from this study is important 
to identify an eco-friendly and low cost approach to remediate the 
batik effluent and protect the environment.

2. MATERIALS AND METHODS

The batik effluent was collected from batik processing factory at 
Rumah Gahara Galore, Penambang. Kelantan. The effluent is stored in 
the holding tank before discharged into the river stream. The chemical 
parameters such as pH, COD, BOD, and TN of each batch of the 
effluent collected were characterized using the method described by 
APHA (1998).

2.1 Microalgae and Cultivation Condition
A microalgal species, Chlorella sp. was used throughout in this 
study. Modified algae growth (MLA) medium that consists with 

0.49 g/L magnesium sulfate (MgSO4.7H2O), 1.7 g/L sodium nitrate 
(NaNO3), 0.14 g/L di-potassium phosphate (K2HPO4), and 0.03 g/L 
calcium chloride (CaCl2.2H2O) was used for the cultivation and seed 
preparation. The medium was sterilized using 0.22 µm millipore filter 
before cultivation process. For seed culture preparation, the culture 
was incubated under light with a photon intensity of 1000 lux. The 
cultivation temperature was 30.0°C ± 2.0°C. The microalgae cultures 
growth were monitored and harvested during the late logarithmic 
growth phase. Each harvested sample was centrifuged at 4500 rpm 
for 15 min. The pellet was then rinsed twice and was standardized 
to optical density of 680 (OD680) of 1.0 before be inoculated for 
subsequent experiments.

2.2. Preparation on Immobilized Chlorella sp.
Three types of immobilize carrier, namely alginate, starch, and 
carboxylmethyl cellulose (CMC) were study in this screening. 
Preparation for each polymer beads is describe below.

2.2.1. Preparation of alginate- immobilized microalgae
An active Chlorella sp. seed culture with optical density at 688 nm 
(OD688) of 1.0 was harvested by centrifugation at low speed (4500 
rpm) for 10 min. Pellet with rich algal biomass was then washed 
with deionized water and re-suspended in deionized water to form 
a concentrated algal suspension. The algal suspension was then 
mixed with 4% sodium alginate solution in 1:1 ratio that is 4 mL of 
concentrated algal with 4 mL sodium alginate solution. Mixture was 
stir gently until algae evenly distributed. The mixture was dropped 
into 6% calcium chloride using a syringe to form uniform algal beads. 
The beads were left in crosslink solution (CaCl2) about 12 h for 
hardening. After hardening step done, separated beads from solution 
using sterile strainer/filter, and beads were rinsed several times with 
deionized water to remove remaining calcium chloride. Blank alginate 
beads were prepared with the same way as the algal beads except used 
deionized water instead of cell suspension.

2.2.2. Preparation of starch-immobilized microalgae
Preparation of algae starch beads was almost same with algae alginate 
beads. The active Chlorella sp. culture was harvested by centrifugation 
at low speed (4500 rpm) for 10 min. Cell residue then was washed 
with deionized water and re-suspended in deionized water to form a 
concentrated algal suspension. The algal suspension was mixed with 
2% of starch solution. The mixture was then homogeneously mixed 
until algae evenly distributed. The mixture was dropped into 6% 
calcium chloride using a syringe to form uniform algal beads. The 
beads were left in crosslink solution (CaCl2) in 12 h for hardening. 
Strong beads then were separated from solution using sterile strainer/
filter, and beads were rinsed several times with deionized water 
to remove remaining calcium chloride. Blank alginate beads were 
prepared.

2.2.3. Preparation of CMC–immobilized microalgae
The active Chlorella sp. culture with optical density at 688nm 
(OD688) of 1.0 was harvested by centrifugation at low speed (4500 
rpm) for 10 min. Cell residue then was washed with deionized 
water and re-suspended in deionized water to form a concentrated 
algal suspension. CMC solution was prepared by dissolved 2mL of 
distilled water with 0.25 g of CMC. Same volume of concentrated 
algal solution was then homogeneously mixed with CMC mixture. 
Mixture was stir gently until algae evenly distributed. The mixture 
was dropped into 6% calcium chloride using a syringe to form 
uniform algal beads. The beads were left in crosslink solution 
(CaCl2) about 12 h for hardening. After hardening step done, 
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separated beads from solution using sterile strainer/filter, and 
beads were rinsed several times with deionized water to remove 
remaining calcium chloride. Blank alginate beads were prepared in 
the same way as the algal beads except deionized water instead of 
cell suspension were used.

2.3. Determination of Optimum Conditions
BBD was used to optimize and investigate the interactive effect of 
cultivation condition such as pH, light intensity, and algal bead 
concentration on the decolorization and TN removal from batik 
effluent. A multi-level with three parameters matrix was employed 
to determine the synergistic effect between the three parameters. A 
total of 17 experimental as proposed by the design were carried out 
and the responses for this study were decolorization and TN removal 
percentage. The optimal point value was analyzed by fitting second-
order polynomial model. The equation for the predicting the response 
was expressed as follow:

1
2

0
1 1 1 1

  
k k k k

i i ii i ij i j
i i i j

Y X x X X   
−

− − − −

= + + +∑ ∑ ∑∑  (1)

Where Y is response (decolorization and TN removal, percentage), 
β0 and βi are the model coefficients, and Xi and Xj are the coded for 
independent variables. The fit of the model was expressed by the 
coefficient of determination (R2). The statistical significance of each 
parameter was determined through P values, where smaller p-values 
indicate the effective parameters. The contour plots were used to 
show the individual and cumulative effect of the variables on the 
decolorization and TN removal. These graphical representations for 
models are plotted as a function of two variables, while keeping other 
variables at the central level.

2.4. Determination of Decolorization of Batik Effluent
The flasks containing samples were kept for 96 h in a controlled 
condition at temperature surrounding of 25°C with 12 h light and 12 h 
dark with presence of fluorescent light. The samples were withdrawn 
at regular intervals and analyzed for decolorization for every 24 h. 
The decolorization effectiveness was carried out through absorbance 
reading at maximum wavelength (ƛmax) of 290 nm using UV-vis 
spectrophotometer (Hitachi U-1990). The efficiency of color removal 
was expressed as percentage ratio of the decolorized dye absorbance to 
that of initial one based on the following Equation 2.

( ) ( ) ( )

( )

i f

i

Dye - Dye
Colour removal % = ×100

Dye
 (2)

Where Dye(i) = initial dye absorbance, Dye(f) = final dye absorbance.

2.5. Determine of Nitrogen and COD Removal
The percentage of color removal in the samples was measured by 
equation that described by (Siti-Zuraida et al., 2013). COD reduction 
was measure by high range kit purchased by Hach Company. BOD5 
analysis was determined using standard method for examination of 
water and wastewater that is 5210 B (5 day BOD test).

TN removal efficiency (%):

Initial TN concentration Final TN concentration ×100
Initial TN concentration

−
 (3)

2.6. Statistical Analysis
A statistical analysis of variance (ANOVA) was performed to see 
whether the process parameters for color removal and T-N reduction 
were statistically significant or not.

3. RESULTS AND DISCUSSIONS

3.1. Characteristic of Untreated Batik Effluent

The batik effluent generated from batik processing was characterized 
before testing with microalgae. For this characterization, the pH 
value, COD, BOD, and TN were characterized. The COD and BOD 
are among the important information that represent the presence of 
chemicals such as organic and inorganic carbons in the effluent that 
could pollute the ecosystem. Table 1 show that the COD and BOD for 
the batik effluent were 661.5 mg/L and 439.5 mg/L, respectively. The 
pH value and TN for the sample were 11.6 and 63 mg/L, respectively. 
Based on this analysis, it was found that all the parameters tested 
were higher compared to the value permitted by the Standard Limit 
Environment Quality Act. The high COD value and nitrogen content 
in the effluent indicated this sample could lead to environmental issues 
such as algae bloom when the water is discharged into a river.

3.2. Effect of Immobilized Carrier
To determine the potential of immobilized Chlorella sp. to be used for 
batik effluent, three microalgal immobilized matrix carriers, namely 
alginate, CMC, and starch have been evaluated. These are common 
carriers that are used to immobilize microorganisms for various 
applications [12]. Figure 1 shows the color removal profile by various 
types of immobilized matrixes. The present study finds that the presence 
of immobilized-Chlorella sp. could increase the color removal in the 

Table 1: Characteristic of the batik effluent used in the study

Parameters Batik effluent Standard limit 
environmental quality act

pH 11.56 5.5–9.0

BOD5 439.50 50

COD (mg/L) 661.50 200

Total nitrogen (mg/L) 63.00 50
BOD: Biochemical oxygen demand, COD: Chemical oxygen demand

Figure 1: Decolorization profile of batik effluent using different immobilized 
matrix carrier.
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batik effluent compared to that of free cells. The highest color removal 
was observed from the experiment using microalgae immobilized with 
alginate. The color removal in the batik effluent starts to increase after 
6 hours of cultivation and excellerate to the maximum reduction of 
77.9% after 3 days of cultivation. On the other hand, the present study 
indicates that there is no significant difference on the color removal 
of batik effluent when the treatment was carried out using CMC and 
starch as an immobilizing carrier. The lowest color removal is shown 
in the experiment that was conducted using free cells. Overall, it can 
be observed that the presence of immobilized cells could help remove 
color in batik effluent.

The immobilization technique provides better options to maintain high 
cell concentration and this method of wastewater treatment have gained 
great attention in the past few decades. Selecting the most suitable 
immobilized carrier matrix is important to ensure the success of the 
process. There are many types of immobilized carrier matrix that have 
been used for wastewater treatment such as porous polymeric materials 
such as alginate, agar, polyacrylamide, carrageenan, cellulose acetate, 
and polyvinyl alcohol to confine the migration of microorganisms [16]. 
The selection criteria for the most suitable immobilized carrier are based 
on their characteristics, in which the support materials need to meet 
the following criteria: Insoluble, not biodegradable, high mechanical 
stability, high diffusivity, simple immobilization procedure, high biomass 
retention, minimal attachment of other organisms, and preferably low 
cost [17]. The utilization of various immobilized microorganisms 
such as fungi Ganoderma lucidum, Clostridium sp., microalgae 
Chlorella sp., Desmodesmus sp., Spirogyra sp., Chlamydomonas 
sp., Haematococcus sp., and Scenedesmus obliquus Chlorella sp., 
Spirulina sp., and Desmodesmus sp has been tested for decolorization 
and nutrient removal [1,9,18,19]. In comparison with free cells, 
it is reported that the immobilized microorganisms exhibit higher 
decolorization rate [20]. Previous studies demonstrate that alginate 
immobilized Spirulina platensis, Chlamydomonas reinhardtii, and 
Chlorella sp. exhibit a promising capability to remove dye color from 
textile wastewater [10,11].

On the other hand, this present study found that alginate- immobilized 
Chlorella sp. exhibited the most excellent decolorization compared to 
the CMC and starch immobilized Chlorella sp. The high efficiency of 
decolorization by alginate immobilized Chlorella sp. can be attributed 
to few factors such as the functional group of the chemical used for the 
immobilization process [21]. The different natures of anionic groups 
associated with the carrier such as the sulfonate group are found in 
carrageenan, while the carboxyl group in alginate is important for 
absorption efficiency during the process [21,22]. Interaction of 
polysaccharide matrix and nutrient in the effluent could enhance 
nutrient removal efficiency during the treatment process. Apart 
from that, the present study also indicates that alginate- immobilized 
Chlorella sp. is more stable compared to CMC and starch as support 
materials. It is found that the microalgae cells are released from CMC 
and starch materials after 3 days of incubation. This serious leakage 
is observed from cultivation of microalgae using CMC and starch as 
support materials. Thus, the alginate is selected as an immobilized 
carrier for immobilization of Chlorella sp for batik effluent treatment.

3.3. Effect of Cultivation Condition on Decolorization and TN 
Removal
Decolorization and TN removal in wastewater by microalgae can be 
influenced by various factors such as pH, temperature, light intensity, 
and cell concentration. Hence, the effect of initial pH, light intensity, 

and microalgal bead concentration on the decolorization and TN 
removal from batik effluent was evaluated in this study. Figure 2 
shows the decolorization of batik effluent profile cultivated in different 
cultivation conditions.

Changes of pH value have indirectly influenced the nutrient removal 
and decolorization in the effluent [9,23]. Figure 2a indicates that a 
significant decolorization increased when the treatment was increased 
from pH 4 to 12. The maximum decolorization is obtained from 
treatment at neutral to alkaline condition. It is observed that the 
decolorization of batik effluent by immobilizing Chlorella sp. at pH 
7 and 12 increased rapidly in the first 12 h and starts to decrease 
after that period. The maximum decolorization reached 40.59% and 
39.72% for the treatment using pH 7 and 12, respectively. Similar 
observation has been reported on the removal of cationic dye from 
aqueous sample by Chlorella sp. and Chlamydomonas sp., which the 
maximum decolorization was achieved under alkaline condition pH 
range 9–11 [9,24]. High decolonization obtained at this condition is 
contributed by zero point of both immobilized carrier and microalgae 
cell surface. In general, for the zero point of charge for algae species 
and alginate, their surfaces are presumably positively charged in 
acidic solution and negatively charged in alkaline solution. Thus, the 
surface of alginate and microalgae need more negatively charged ions 
that lead to adsorption of dye on to the alginate and microalgae cell 
surface [24].

Light intensity plays a major role on microalgae photosynthesis. 
Over exposure of microalgae to light intensity could inhibit 
microalgal growth and decolorization activity. Figure 2b shows the 
decolorization of batik effluent from immobilized Chlorella sp. It was 
found that the increase of light intensity could increase decolorization 
and TN removal from batik effluent. The maximum decolorization 
of 49.87% was attained when the treatment was carried out at 1000 
lux. The treatment of batik effluent using immobilized Chlorella sp. 
at 300 lux showed the least decolorization and nitrogen removal at 
only 33%. These results were similar to previous studies, that report 
that C. sorokiniana XJK show the least decolorization at low light 
intensity [23].

High decolorization at high light intensity could be due to the fact 
that this condition provides a good growth for Chlorella sp. generally; 
suitable light intensity provides better growth condition that leads to 
high microalgae cell growth, resulting in an increase in metabolic 
activity and indirectly improves color removal from the medium [23]. 
An appropriately increased light intensity can boost the metabolism 
of Chlorella sp. to enhance the color removal efficiency. Moreover, 
a light–dark regime for efficient photosynthesis can encourage good 
color removal efficiency [25].

Figure 2c shows the effects of microalgal beads concentration on 
decolorization profile percentage from batik effluent. The results show 
that the decolorization increases with the increase of microalgal bead 
concentration. In this study, the maximum decolorization of 83.34% is 
obtained from the treatment using 150 bead concentration, followed by 
100 bead concentration with 73% removal. Batik effluent treatment at 
low microalgal bead concentration is found to have least decolorization 
activity with a decolorization percentage of 19.88%.

High decolorization of batik effluent by immobilized microalgae could 
be attributed to the introduction of high cell concentration during 
treatment, which may accelerate metabolic activity and lead to an 
increment of color removal in the medium [26]. Similar observations 
have been reported by other studies that indicate that high color 
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removal by C. sokokiniana XJK is obtained when the treatment is 
performed using high microalgae bead concentration [23].

Table 2 shows the percentage of TN removal in batik effluent at 
different cultivation 

conditions, i.e., initial pH value, light intensity, and microalgal bead 
concentration. Based on the present study, a significant increase of 
nitrogen removal is achieved by increasing of pH value from 4 to 7 
with TN removal percentage from 28.1% to 57.1%, respectively. 
Further increase of pH value to pH 12 is found to reduce the percentage 
of TN removal with only a 42.9% reduction. This suggests that the 
most effective nitrogen removal happens under neutral and alkaline 
conditions. This result is in agreement with other studies that report 
that the suitable pH for nitrogen removal is between 6 and 10 [27,28]. 
It is suggested that high nitrogen removal by microalgae is due to 
the assimilation and biological nitrification in the medium [29]. 
Significant nitrogen removal at different pH values happens because 
the equilibrium between ammonium ions and free ammonia is 
controlled by the pH level [30]. An increase of pH value will result 
in the conversion of ammonium ion to free ammonia, which will be 
utilize by microalgae for its growth.

Apart from pH value, tests showed that light intensity can also affect 
TN removal in effluent. It was found that there is no significant 
difference between the percentage TN removal under all tested 
light intensities. Approximately 57.1% of TN available in the batik 
effluent was removed when the cultivation was performed under the 
light intensity of 300, 500, and 1000 lux. This indicates that the light 
intensity supplied for Chlorella sp. is sufficient enough to support its 
growth in the medium. These results contradict the results reported by 
other researchers. According to Zhang et al. [31], nitrogen removal rate 
by microalgae Scenedesmus dimorphus were significantly enhanced 
when the light intensity was raised from 50 to 400/umol/s. Similar 

observation has been made for the nitrogen removal by Chlorella 
kesseleri and Chlorella protothecoides, which indicates that the best 
nitrogen consumption by microalgae is obtained at the light intensity of 
200/umol/s [32]. A study by da Fontoura [33] reported that in nutrient 
removal in tannery wastewater, the maximum amount of nitrogen 
removed using Scendesmus sp. was obtained when the treatment was 
performed under a high light intensity of 200/umol/s.

Bead concentration is also found to be a profound factor of nitrogen 
removal in batik effluent. This study found that an increase of bead 
concentration could increase nitrogen removal in batik effluent 
[Table 2]. The maximum TN removal is obtained when the cultivation 
is carried out using 150 microalgal bead. Cultivation of microalgae 

Table 2: Total nitrogen concentration before and after treatment with 
immobilized Chlorella sp.

Parameters Value Initial 
TN (mg/L)

Final 
TN (mg/L)

Removal (%)

pH 4 98 70 28.1

7 98 42 57.1

12 98 56 42.9

Light 
intensity (Lux)

300 98 42 57.1

500 98 42 57.1

1000 98 42 57.1

Microalgal 
bead 
concentration

50 98 56 42.9

100 98 42 57.1

150 98 28 71.4

Figure 2: Decolorization profile of batik effluent at different treatment condition. (a) Different pH (b), different light intensity, and (c) different microalgal bead 
concentration.

a b

c
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using less bead concentration such as 50 and 100 beads only removed 
42.9% and 57.1% of TN from the effluent, respectively. High 
TN removal is observed from cultivation using a high number of 
microalgal bead concentration because high cell concentration can 
accelerate the microalgae growth and nitrogen removal in the effluent. 
In general, nitrogen in the effluent is be utilized by microalgae for their 
growth through uptake and assimilation/nitrification process [34]. The 
nutrient uptake by immobilized microorganisms involve two steps. 
First, nutrients are absorbed onto the surface of the beads over a short 
period of time, then followed by a slow penetration of the nutrients into 
alginate and continually absorb into the cells [35]. Studies on the effects 
of bead concentration on nitrogen removal in various wastewater have 
been reported elsewhere [13,36]. Introducing high concentration of 
Chlorella sp. is found to increase the removal of BOD, COD, and TN 
up to 84.81% in wastewater samples [37]. The suitable cell and bead 
concentration is also important for the treatment feasibility. Treatment 
using cell and bead concentration that is too high could lead to serious 
leakage problems [13,36]. Furthermore, dense beads would reduce the 
amount of light penetrating through the bioreactor and enhance self-
shading effects, limiting growth, and metabolic activity [35]. Based on 
this study, the most suitable bead concentration to obtain maximum 
nitrogen removal is 150 beads at pH value 12.

Further optimization study on the effect of treatment conditions 
such as pH, light intensity, and microalgal bead concentration on 
decolorization and nitrogen removal was carried out using Box-
Behnken response surface design (BBD). The design matrix of the 
variable in the uncoded units by the BBD is presented in Table 3.

Multiple regression analysis for determining the relationship between 
parameters on the decolorization and TN removal was carried out and 
the quadratic model equations for both responses are generated as 
shown in following Eq:

1 2 3

1 2 1 3 2 3
2 2 2
1 2 3

 65 13.13 5.38 14.75
4.00 7.25 2.25

10.75 3.25 7.5  

Decolorization X X X
X X X X X X

X X X

=+ + + +
+ + +

− − −

 (4)

1 2 3

1 2 1 3 2 3
2 2 2
1 2 3

  57 7.38 1.75 8.88
0.01 0.25 3.5

23.38* 1.88 5.37

TN removal X X X
X X X X X X

X X X

=+ + + +
+ + +

− + −
 (5)

Where X1, X2, and X3 are coded value for pH, light intensity, and 
microalgal bead concentration, respectively. The coefficient of 
determination (R2) of the regression equation for both decolorization 
and TN removal was 0.99 (Adj = 0.98 and 0.97). The R2 value is close 
to 1, indicating that the predictability of the value is at 95% confidence 
level and the response function for predicted value agreed well with 
the experimental data.

The present study indicates that the quadratic model was the most 
suitable fit for decolorization and TN removal from batik effluent with 
P > F value of <0.005 [Table 4]. As shown in Table 4, P value for each 
parameter is P < 0.05, implying that these parameters have a significant 
effect on the decolorization and TN removal. Parameters such as pH 
(X1), light intensity (X2), and microalgal bead concentration (X3) 
were the significant model terms that affect decolorization of batik 
effluent, whereas pH (X1) and microalgal bead concentration (X2) had 
significant effect on TN removal.

3.4. Effect of Variables on Decolorization and TN Removal
The 3D response surface plot simulated from the Equations 4 and 5 
and Figure 3 describes the effects of pH, light intensity, and microalgal 
bead concentration on decolorization and TN removal. As shown in 
Figure 3a and b, decolorization and TN removal are significantly 
influenced by initial pH and light intensity provided during the 
treatment (P < 0.05). High color removal is obtained when the 
treatment was performed in alkaline medium range 8–10 using high 
light intensity ranges of 500–1000 lux. Furthermore, the maximum TN 
removal is obtained when the treatment is performed at pH range 8–10 
at light intensity range from 300 to 1000 lux. Further treatment under 
acidic and beyond pH 10 condition are shown to reduce TN removal.

Interactions with pH level and light intensity are found to show a 
significant effect on decolorization of batik effluent. Providing high 
light intensity will reduce the pH value of the medium that resulting to 
high biosorption during the treatment, causing decolorization. As the pH 
of the system decreases, the anionic polymer will protonate and provide 
high electrostatic attraction of the negatively charged alginate surface 
and positively charged cationic dye. Likewise, low pH levels will cause 
low decolorization as the alginate matrix will shrink, resulting in the 
reduction of pore size of the matrix. As a result, low diffusion and 
decolorization is obtained from treatment at this condition.

The effects of microalgal bead concentration and pH interaction on 
decolorization and TN removal are shown in Figure 3c and d, respectively. 
The results indicate that the decolorization and TN removal increases 
with an increase of pH and microalgal bead concentration. A significant 
decolorization of batik effluent was achieved when the cultivation 
was performed using high pH value with high microalgal bead. The 
maximum decolorization of ~82% is obtained when the cultivation 
was performed between pH 6 and 12 using 100–150 microalgal beads 
[Figure 3c]. Likewise, the maximum TN removal of ~62% could be 
achieved at initial pH between 6 and 10 using 75–150 microalgal beads 

Table 3: Experimental design matrix on decolorization and TN removal of 
batik effluent (%) proposed by BBD

Run Variables Responses

pH  
(X1)

Light 
intensity (X2)

Beads  
(X3)

Decolorization  
(%)

TN (%)

1 8 1000 50 43 43

2 4 650 150 40 28

3 8 650 100 65 57

4 12 1000 100 72 43

5 4 300 100 38 28

6 12 650 150 80 43

7 8 650 100 65 57

8 12 650 50 39 28

9 12 300 100 57 43

10 8 650 100 65 57

11 4 650 50 28 14

12 8 1000 150 80 71

13 4 1000 100 37 28

14 8 650 100 65 57

15 8 300 150 61 57

16 8 300 50 33 43

17 8 650 100 65 57
TN: Total nitrogen, BBD: Box-Behnken design
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[Figure 3d]. The percentage of TN removal decreases with further 
increase of pH value beyond results show that a combination of high 
microalgal bead concentration at alkaline conditions gives maximum 
decolorization and TN removal. This is due to the fact that this condition 
can increase microalgal metabolic activity that leads to the increase of 
nutrient uptake during the treatment process.

Figure 3e and f shows the effects of microalgal bead concentration and 
light intensity on the decolorization and TN removal of batik effluent. 
As shown in Figure 3e, it is found that the maximum decolorization was 
obtained when the treatment was carried out using a high microalgal 
bead concentration of 150 and a light intensity of 1000 lux. The results 
clearly indicate that changes in light intensity and bead concentration can 
significantly affect the rate color removal. High decolorization observed 
for cultivation at high light intensity and beads concentration could be 

due to the fact that high light intensity will increase the temperature in 
the cultivation medium, which can decrease the color viscosity in the 
samples. As a result, more color will diffuse into the bead active site and 
led to higher decolorization. Cultivation at low light intensity using less 
microalgal beads exhibits low decolorization. This could be due to the 
fact that the condition is unsufficient to increase the microalgal metabolic 
activity. Similarly, for TN removal, it was found that cultivation of 
immobilized Chlorella sp. requires high number of microalgal beads 
to obtain maximum TN removal efficiency. A significant TN removal 
of ~71% was achieved when the cultivation was performed with 150 
microalgal bead concentration and 1000 lux [Figure 3f].

Overall, this study has found that the cultivation parameters such as 
initial pH, light intensity, and microalgal bead concentration have 
a significant effect on the decolorization and TN removal of batik 

Figure 3: 3D contour plot showing the interaction between variables on decolorization and total nitrogen (TN) removal of batik effluent (a) Effect of light 
intensity and pH on decolorization, (b) effect of light intensity and pH on TN removal, (c) effect of microalgal bead concentration and pH on decolorization, 

(d) effect of microalgal bead concentration and pH on TN removal, (e) effect of microalgal bead concentration and light intensity on decolorization and (f) effect 
of microalgal bead concentration and light intensity on TN removal.

a

c

e
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effluent. Cultivation below and beyond optimum conditions can 
exhibit low decolorization and TN removal efficiency.

3.5. Feasibility of Decolorization and TN Removal of Real 
Batik Effluent using Alginate-immobilized Chlorella sp.
Further batik effluent treatment evaluation was carried out to determine 
the potential of immobilized Chlorella sp. to remediate real batik 
effluent at optimum conditions. For this study, the treatment was 
performed using 150 microalgal bead concentration at pH 12 and 
1000 lux. Initially, the chemical characteristics of batik effluent were 
determined and are shown in Table 5. A significant color and nitrogen 
removal were observed for both samples. It is found that most of the 
BOD, COD, and TN of real batik effluent are at 49%, 49.72%, and 
43.75% removal. The color removal for real batik effluent and synthetic 
batik effluent is also compared and the removal profile is shown in 
Figure 4. It is found that the color and nitrogen removal percentage 
in real batik effluent sample is slightly lower compared than that from 
synthetic batik effluent. The color removal for real and synthetic batik 
effluent are at 78% and 85.2%, respectively. Meanwhile, approximately 
71% and 43.7% of nitrogen were removed from the simulated and real 
batik effluent. It is clear that decolorization and TN removal from 
real batik effluent are lower than that from the simulated sample. The 
lower decolorization and nitrogen removal in the real batik effluent can 
be attributed to the fact that real batik effluent is strong in color, and 
contains several undesirable organic and inorganic constituents that 
may affect the microalgae growth and color removal activity [38].

4. CONCLUSION

The capability of immobilized Chlorella sp. for decolorization and TN 
removal of batik effluent is investigated. The present study demonstrates 
that alginate-immobilized Chlorella sp. exhibits a great potential to be 
applied for batik effluent treatment. It can be said that decolorization 
and TN removal by immobilized Chlorella sp. can be influenced by 
the initial pH, light intensity, and number of beads used during the 
treatment process. The immobilized Chlorella sp. was found to be able 
to remove ~ 80% of color in the batik effluent when the treatment was 
performed using 150 microalgal bead concentration, at pH 12, and 1000 
lux. Whereas, the maximum TN removal of ~ 71% with nitrogen uptake 
rates of 4.9 mgL-1d-1 was observed for the cultivation at pH 7 with 150 
microalgae bead concentration, and 1000 lux. On the other hand, the 

findings from this study also indicate that immobilized microalgae can 
be an alternative treatment option for salt- alkaline wastewater such as 
batik effluent and has potential to be a low cost method to remove the 
pollutants from the effluent. Even though this study shows promising 
results, further investigation at a bioreactor scale is required to ensure 
the feasibility of this approach in actual industrial application.
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Table 4: ANOVA for the decolorization and TN removal of batik effluent

Variables Decolorization (%) TN removal (%)

Coefficient factor F P>F Coefficient factor F P>F

Model 4482.51 73.79 <0.0001 3624.13 61.61 <0.0001

X1 1378.13 204.17 <0.0001 435.13 66.58 <0.0001

X2 231.13 34.24 0.0006 24.50 3.75 0.0941

X3 1740.5 257.85 <0.0001 630.113 96.41 <0.0001

X1 x X2 64 9.48 0.0178 0.005 0.005 0.0001

X1 x X3 210.25 31.15 0.0008 0.25 0.038 0.8505

X2 x X3 20.25 3 0.1269 49.00 7.50 0.029

R2 0.9896 0.986 0.988

Adj R2 0.9762 0.972 0.972

SD 2.60 2.56 2.56

CV 4.73 5.76 5.76

Adeq precision 27.98 28.42 28.242
pH (X1), light intensity (X2) and microalgal bead concentration (X3). TN: Total nitrogen, SD: Standard deviation

Table 5: Characteristic of the real batik effluent before and after treatment 
at optimum condition (pH=8, beads: 150 and light intensity: 1000 lux)

Parameters Before treatment After treatment

BOD5 155.15 79.05

COD (mg/L) 536.00 269.50

Total nitrogen (mg/L) 112.00 63.00
BOD: Biochemical oxygen demand, COD: Chemical oxygen demand 

Figure 4: Decolorization profile in simulated and real batik effluent 
performed using 150 microalgal bead concentration at pH 12 and light 

intensity of 1000 lux.
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