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ABSTRACT
The batik industry became a double-edged sword for the development of Indonesia. While it plays a significant
role in economy, it also contributes to the environmental pollution, which is mostly caused by the lack of appropriate technology for the wastewater treatment in small industries. This study aims at determining the feasibility in
combining the coagulation-flocculation technology using Moringa oleifera seeds powder (MOSP) with horizontal
subsurface constructed wetland (HSSFCW) in treating the batik wastewater. The results show that combining
750 mg/L MOSP in the coagulation flocculation technology with 5 days retention time on HSSFCW optimally
removed 89.33% of the chemical oxygen demand (COD); 98.11% of total suspended solids (TSS); and 92.05% of
fat, oil, and grease (FOG). Moreover, it increases the pH conditions up to 7.33. Despite its high removal efficiency,
this technology combination is not feasible in the batik wastewater treatment due to inability to meet the standard
effluent of the discharged wastewater. Therefore, adding pre-post treatment to this technology implementation is
recommended to obtain the standard effluents of wastewater discharged.
Keywords: batik industry, coagulation-flocculation, environmental pollution, horizontal sub surface flow constructed wetland, Moringa oleifera seeds powder

INTRODUCTION
Hand-written batik, a creative art commodity, is one of the oldest cultural products in Indonesia (Zahidi, 2017; Mukimin et al., 2018).
Its existence has been recognized worldwide as
a cultural heritage by the UNESCO. As one of
the oldest cultural heritage, it is spread almost in
each region of Indonesia. Hence, there are various motives and patterns grow based on its region
specialty. This industry has a significant role in
supporting the national economy (Mukimin et al.,
2018; Nurhasanah et al., 2015). Batik became a
popular product used by both domestic and foreign consumers. The number reached up to 77%
of total Indonesian population and has export
value up to USD 340 million in 2014 (Steelyana,
2012; Zahidi, 2017).
Its significant contribution to the national economy is inversely proportional to the

environmental damage due to wastewater generation (Mukimin et al., 2018) and dyes which
cause the environmental pollution (Raman dan
Kanmani, 2016). The dyed water has chemical
contents causing various health problems such as
jaundice, vomiting and increased heart rate (Khalik et al., 2015). Besides dyes, the batik wastewater has alkali, organic and inorganic salts, acids,
heavy metals and other chemicals contents (Raman and Kanmani, 2016). These contents are categorized as pollutants which hardly decompose
by microorganisms as well as are difficult to process with the conventional methods (Khalik et al.,
2015). Generally, in each production, 90–130 m3
of wastewater is generated per ton that cannot be
decomposed and contributes 17–20% to water
pollution (Freitas et al., 2015).
Mostly, batik is a small scale industry run
by family. Thus, it has various limitations such
as knowledge, technology, and capital, which
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lead to the problems in the wastewater treatment
(Mukimin et al., 2018; Birgani et al., 2016). The
unorganized and uneven spreading location of
this industry in each region creates difficulty in
managing the large-scale centralized wastewater
treatment (Birgani et al., 2016).
There are several methods involved in treating batik wastewater, such as solar photocatalytic
process (Khalik et al., 2015), physical treatment
(Rashidi et al., 2013), TiO2 nanoparticles coated
on the surface of plastic sheet (Sutisna et al.,
2017), bioequalization and electrocatalytic (Mukimin et al., 2018), and nanofiltration membrane
(Rashidi et al., 2012).
These technologies have similarities, which
include expensive costs, short usage time, and
the possibility of stunted bacterial growth (Raman and Kanmani, 2016; Birgani et al., 2016).
In turn, the conventional technology in treating
the batik wastewater is difficult to implement because of the organic dyes and heavy metals (Raman and Kanmani, 2016; Khalik et al., 2015).
Referring to these, sustainable technology
that is effective, economical, and environmentally friendly is needed to treat the wastewater
(Khalik et al., 2015).
Determining the types of technology based
on the characteristics of the wastewater is important. For example, with high turbidity in the batik
wastewater, the removal process becomes an important step and it possibly implements the flocculation-coagulation technology (Efendi et al.,
2015). Generally, chemical coagulants are used
in the conventional coagulation-flocculation process. However, its application has certain disadvantages, including aluminium and iron production, as well as high operational and maintenance
costs (Formentini-Dchmitt et al., 2013), high
volumes of mud (Dehgani and Alizadeh, 2016),
and potential health disruption by triggering some
diseases such as Alzheimer’s and neurodegenerative (Egbuikwem and Sangodoyin, 2013; Madrona et al., 2017).
These problems encourage conducting many
studies in order to find the potential use of the
natural coagulants in the coagulation-flocculation
process in the wastewater treatment (FormentiniDchmitt et al., 2013; Egbuikwem and Sangodoyin, 2013). The previously researched natural
coagulants are starch (potatoes, wheat, corn, and
rice starch), sodium alginate, Moringa oleifera,
calcium alginate, chitosan, tannin, natural gums
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and xanthan (Dehgani and Alizadeh, 2016). Out
of those, Moringa oleifera (MO) is provably effective as natural coagulant and is almost equivalent to synthetic coagulants (alum) which are
widely used in the conventional coagulation flocculation (Madrona et al., 2017; Egbuikwem and
Sangodoyin, 2013; Chusan et al., 2014).
The natural coagulants have many advantages, they are cost-effective, capable of treating the wastewater with extreme pH, high
levels of insoluble substances (Dehgani and
Alizadeh, 2016), lower sludge volumes production (Formentini-Dchmitt et al., 2013), renewable resource, and low toxicity (Charoenlarp and Prabphane, 2015).
In the batik wastewater treatment, the coagulation-flocculation unit cannot be independent but has to be combined with the advanced
treatment, such as constructed wetlands
(CWs). CWs are one of the environmentally
friendly technologies capable of processing
various pollutants (Mangangka et al., 2013).
CWs are designed and built based on natural
processes involving the wetland vegetation
(Vymazal, 2014). Moreover, it has lower operational costs than the activated sludge systems and other advanced technologies (ElZein,
2016). CWs can also be used to improve the
water quality through the biotic and abiotic
processes, provide recreational areas, and remove various dissolved contaminants from agriculture, industry (Vymazal, 2014) and urban
sources (Helfield and Diamond, 1997).
CWs have been operated in 38 types in
33 countries that handle a total of 26 types of
industrial wastewater. According to Vymazal
(2013) CWs have been provably effective in
removing BOD (66%), COD (68–72%), TSS
(88%), TN (52%), organic N (52%), sulphate
(53–59%), Cr (40–50%) and coloring agents
(72–77%). The success of CWs in treating various types of industrial wastewater becomes
the basis for conducting this research, as the
batik wastewater contains BOD, COD, dyes,
and FOG, it also has high turbidity. Therefore,
it is suggested to combine coagulation-flocculation using the natural coagulants of Moringa
oleifera seeds (MOS) with CWs. This study
generally aimed at determining the feasibility of a coagulation flocculation combination
technology using MOS with HSSFCWs to treat
the batik wastewater.
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MATERIAL AND METHODS
Raw wastewater
The batik wastewater used as raw material in
this study was obtained from Namiro Batik which
located in Jetis, Sidoarjo. The wastewater was
taken from the boiling process. In this process,
water evaporation causes higher concentrations
of chemicals and high COD values due to the wax
addition (Birgani et al., 2016). The analysis of the
batik wastewater contents shows high parameters
of COD, TSS and FOG, but low pH (Table 1).
These numbers of parameters exceeding the
threshold stated in The Regulation of Minister
of Environment of The Republic of Indonesia
No.5/2014, meaning that it is prohibited from direct discharge into water bodies.
Table 1. Batik wastewater characteristics
Parameter

Unit

Value

Discharge
standards*

pH

-

4.32

6–9

COD

mg/L

12,000

150

TSS

mg/L

3,180

50

FOG

mg/L

4,970

3.0

* The Regulation of Minister of Environment of The
Republic of Indonesia No. 5/2014.

Coagulant preparation
The coagulant used is MOS. MOS is naturally
dried, then blended to become MOSP (Moringa
oleifera seed powder) (De Paoli and Sperling,
2013). MOSP is heated in the oven at 35°C for
5 hours to ensure the dryness (Dehgani and Alizadeh, 2016), then sieved using 60 mesh sieve and
100 mesh (De Paoli and Sperling, 2013). The
MOSP is put into 1 L of distilled water and stirred
for 3 minutes at a speed of 120 rpm (Dehgani and
Alizadeh, 2016), so 1 mL coagulant represents
10 mg/L when added with 1,000 mL of wastewater (Mghoui, 2018). This solution is filtered to obtain a free coagulant solution from the suspended
material. 75 mL and 150 mL coagulants are added
to get 750 mg/L and 1500 mg/L. These coagulant
solutions are stored with maximum temperature
of 20°C to avoid pH and viscosity changes (Dehgani and Alizadeh, 2016).
Coagulation flocculation process
The coagulation-flocculation process was
carried out in the jar test equipment. The batik

wastewater in the amount of 500 mL is poured
into a beaker glass and MOSP solutions are added. Subsequently, stirring for 1 minute at 300 rpm
was carried out and followed by stirring for
20 minutes at 40 rpm. After coagulation-flocculation processes are finished, the solution is left for
30 minutes for the deposition process. The wastewater samples from coagulation-flocculation process form 2 layers, clear in upper layer and turbid
in the bottom, as it contains sediment (Vymazal
et al., 1998). The processed water is poured into
sample bottles and then tested for pH, COD, TSS,
and FOG parameters.
Constructed wetland reactor
The free space from the planting media to the
glass surface in this study was 30–40 cm wide
(Kadlec and Wallace, 2009) with 8 plants/m2 for
the Equisetum hyemale plant density (Formentini
et al., 2013; Sutrisno and Wulandari, 2018) and an
interval of 25 cm (Regulation of Minister of Environment of the Republic of Indonesia No.5/2014).
Acclimatization was carried out for 17 days
where the first 10 days were watered using the well
water and then watered for 7 days using wastewater with gradually increasing concentrations, i.e.
25%, 50%, 75% and 100% (Wardono et al., 2012).
The coagulation-flocculation water was flowed to
HSSFCW with retention times of 3 days, 5 days
and 7 days. The processed water was then tested
for its pH, COD, TSS, and FOG. A schematic diagram in this study can be seen in Figure 1.
Experimental setup
The batik wastewater was stored in the 500 mL
basin. The initial treatment is coagulation-flocculation process using 750 mg/L and 1500 mg/L
of MOSP then to compare the efficiency of both
doses in various parameters. The processed water
flowed at the rate 11 mL/min and hydraulic conductivity of 11 m/day to HSSFCW. Water drainage
was continuously carried out in various detention
times before its parameters were measured. The
results were compared with the standard quality of
wastewater (Al Gheeti et al., 2017).
Analytical method
COD was measured over 5 days with the incubation temperature of 20ºC and determined by
the dichromate closed reflux and measured using
69
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Fig. 1. Schematic experimental diagram

a spectrophotometer. TSS was measured with a
gravimetric method where the residue dried into
constant weight for at least 1 h at 103ºC to 105ºC.
The pH was measured by means of a pH meter.
The FOG concentration was determined using the
solvent extraction and separating funnel and compared with the effluent standards (Korkusuz et al.,
2004). The measurements were performed on the
influent before coagulants were added and on the
effluent of HSSFCW.

significant values were higher than 0.05. Table 2
shows that all parameters had a significant value
> 0.05 meaning that all variances were homogeneous). The independent variable in this study
was the hydraulic retention time. The variable
was tested using a multivariate analysis of variance (MANOVA) test and proven using Pillai’s
Trace, Wilks Lambda, Hotelling Trace and Roy’s
Largest Root.

Statistical analysis

RESULTS AND DISCUSSION

The data in this study were analyzed using
SPSS Statistics v.25. The dependent variables
in this study include pH, COD, TSS, and FOG
and were analyzed using the Lavene Test method
(Table 2). The variants were homogeneous if the

In order to determine the significant of coagulation-flocculation technology combination
using MOSP with HSSFCW, the parameters of
wastewater treatment effluents were measured
and compared to the influents. The measurements

Table 2. Lavene’s test of quality of error variances

pH

COD

TSS

Levene Statistic

df1

df2

Sig.

Based on Mean

.400

2

6

.687

Based on Median

.438

2

6

.665

Based on Median and with adjusted df

.438

2

4.830

.669

Based on trimmed mean

.403

2

6

.685

Based on Mean

2.201

2

6

.192

Based on Median

2.201

2

6

.192

Based on Median and with adjusted df

2.201

2

2.552

.278

Based on trimmed mean

2.201

2

6

.192

Based on Mean

.857

2

6

.471

Based on Median

.857

2

6

.471

Based on Median and with adjusted df

.857

2

4.000

.490

Based on trimmed mean

FOG

70

.857

2

6

.471

Based on Mean

12.121

2

6

.008

Based on Median

1.101

2

6

.391

Based on Median and with adjusted df

1.101

2

2.027

.474

Based on trimmed mean

10.055

2

6

.012
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were varied based on the MOSP doses (750 mg/L
and 1500 mg/L) and the hydraulic retention times
in HSSFCW (3, 5, and 7 days) (Table 3).
Dependent variables (pH, COD, TSS, and
FOG) were tested for their effect with the independent variable (hydraulic retention times) using four
different multivariate tests, namely Pillai’s Trace,
Wilks Lambda, Hotelling’s Trace, and Roy’s Largest Root (Table 4). The results showed that there is
a significance of 0.000 with a value <0.05 meaning that retention times significantly influence the
parameters (pH, COD, TSS, and FOG) in the batik
wastewater treatment using coagulation-flocculation combination MOSP with HSSFCW.
The combination of coagulation-flocculation
and HSSFCW shows its highest efficiency in removing COD, TSS, and FOG on day 5, reaching 89.33%; 98.11%; and 92.05%, respectively,
as well as neutralizing pH up to 7.33. However,
despite its high removal efficiency, this technology is not capable of meeting the standard effluents (150 mg/L COD; 50 mg/L TSS; and 3 mg/L
FOG). Consequently, alternative steps including
coagulant variations and processes, media variations, combinations with other treatments are
needed in treating the batik wastewater to ensure
its standard effluent discharged.
Effect of the technology combination on pH
The pH has an important role in the process of
coagulation-flocculation. The pH value which is
not optimal impacts the failure of floc formation

and the low water quality. There are different optimum values of pH for each type of coagulant
(Hendrawati et al., 2016). Tunggolou and Payus,
(2017) found that the efficiency of the coagulation-flocculation process using MOSP has the pH
value less than 6 and greater than 11. This is because the ionized amino acids (found in MOSP)
produce the carboxylic ions and protons which
attract electrons to form neutral groups and floc
(Hendrawati et al., 2016).
The results show that the pH value increases
(tends to be alkaline) during the addition of the
MOSP coagulant dose (pH is 4.97 from adding
750 mg/L MOSP and 5.14 from adding 1500 mg/L
MOSP. Both results show that the pH values are
less than 6, becoming optimal for the floc formation process. The forming floc sediments thereby
reduce the amount of dissolved solids. Hence, the
coagulation-flocculation is effective in the TSS
removal. In spite of its optimum condition in floc
formation, this treatment is unable to increase pH
as regulated in The Regulation of The Ministry
of Environment of Indonesia No. 5/2014 (supposedly 6–9). Therefore, it needs further processing
by using HSSFCW.
The pH increase due to the MOSP addition
in the coagulation-flocculation process was also
found by Hendrawati, et al. (2016). They found
that adding MOSP 100 mg/L increases pH from
5.10 to 6.20. This increase is possibly caused
by the cationic water-soluble proteins content
found in the skin and seeds of MOSP (where the
Alkaline amino acids in the MO protein receive

Table 3. Effluent combinations of coagulation-flocculation and HSSFCW technologies
No

Parameter

Unit

Influent

1.

pH

-

2.

COD

3.

TSS

4.

FOG

Coagulation-Flocculation

Effluent HSSFCW (days)

750 mg/L

1500 mg/L

3

5

7

4.55

4.97

5.14

7.20

7.33

7.52

mg/L

12,000

4,320

4,720

1,320

1,280

1,360

mg/L

3,180

690

164

88

60

98

mg/L

9,740

2,632

2,876

800

774

824

Table 4. Multivariate test results between retention times of the independent variables
Effect
Pillai’s Trace
Intercept

HRT

Wilks’ Lambda

Value

F

Hypothesis df

Error df

Sig.

1.000

287183.539

4.000

3.000

.000

.000

287183.539

4.000

3.000

.000

Hotelling’s Trace

382911.385

287183.539

4.000

3.000

.000

Roy’s Largest Root

382911.385

287183.539

4.000

3.000

.000

Pillai’s Trace

1.979

95.184

8.000

8.000

.000

Wilks’ Lambda

.000

100.058

8.000

6.000

.000

Hotelling’s Trace

373.659

93.415

8.000

4.000

.000

Roy’s Largest Root

318.031

318.031

4.000

4.000

.000
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protons from water molecules and release hydroxyl groups in order to keep the water neutral)
(Hendrawati et al., 2016; Olanrewaju et al., 2018;
Tunggolou and Payus, 2017; Amagloh and Benang, 2009). In HSSFCW, the effluent has a pH increase in line with the hydraulic retention times.
On day 3, pH increases from 4.97 to 7.2; on day
5, it increases from 7.20 to 7.33; and on day 7, it
increases from 7.33 to 7.52 (Fig. 2).
The pH value obtained from the HSSFCW
effluent ranged from 6.5 to 7.5 (meeting the pH
standards set by The Regulation of The Ministry
of Environment of Indonesia No. 5/2014 (supposedly 6–9). The pH increase occurred along with
the length of retention time in HSSFCW and is
similarly found in Kadlec and Wallace (2009)
who mentioned that in UK, 24 CWs with reed
beds have pH of 7.33 ± 0.20 in the period of
1–9 years. In addition, 18 HSSF systems in Norway, Australia, New Zealand and America have
showed similar results having pH 7.12 ± 0.20 in
the period of 1–5 years.
The pH changes in HSSFCW are caused
by microbial activity and the presence of macrophytes (Duran-Dominguez-de-Bazua et al.,
2018; Kadlec and Wallace, 2009). Besides, the
changes are possibly caused by the interactions
between the substrate and its biofilm (Wallace
and Knight, 2006; Kadlec and Wallace, 2009).
It was proven by previous studies where zeolite
or expanded clay (as a medium in the SSF system) caused the media to become alkaline and
produce a high pH in the treated water that is
equal to 8.39 ± 0.18 (Kadlec and Wallace, 2009).

Moreover, a pH increase can occur due to high
hydroxyl concentrations, biodegradation of organic matter, calcium compounds (Travaini-Lima and Sipauba-Travars, 2012) as well as alkalinity due to the denitrification process (Kadlec
and Wallace, 2009).

Fig. 2. Effect of technology combination on pH

Fig. 3. Effect of combination technology on COD
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Effect of the technology combination on COD
COD indicates the oxygen needed to oxidize
the dissolved organic matter in water (Wallace
and Knight, 2006). The COD test was carried out
to indirectly measure the amount of organic matter in water (Kosseva, 2013) or the decomposed
amount of organic pollutants (Li and Liu, 2019).
The results of the coagulation-flocculation process showed that using MOSP reduced the COD
content. MOSP in the amount of 750 mg/L is able
to remove ± 64% of the COD content in wastewater (from 12,000 mg/L to 4,320 mg/L), while
1500 mg/L MOSP is able to remove ± 60.67% of
the COD content in wastewater (from 12,000 mg/L
to 4,720 mg/L). This removal efficiency does not
meet the standard COD effluent of discharged
wastewater regulated by the government (supposedly 150 mg/L).
The COD decrease by adding MOSP in this
research is in line with previous studies that found
by adding MOSP (in various doses) can reduce
the initial COD concentration value of 222 mg/L
into each of the following 10 g (77 mg/L), 12 g
(56 mg/L), 14 g (31 mg/L), 16 g (29 mg/L), and
18 g (9 mg/L) (Qomariyah et al., 2017). In addition, Al-Gheeti et al. (2017) found that adding
90 mg/L MOSP has 42.73% of COD removal efficiency (Sari et al., 2016; Billore et al., 2009).
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MOSP has the removal efficiency at higher
doses or exceeding the optimum dose over the
COD removal content in the treated water. The
decreasing MOSP effectiveness on the COD
parameters is due to its high organic content
of 15,000 mg/L (for MO seeds with shells) and
9,630 mg/L (for MO seeds without shells) (Satterfield, 2005; Wardono et al., 2017).
This organic content caused the coagulation-flocculation process of the oil content in
MOSP not fully removed (Vymazal, 2010). The
remaining organic matter caused an increase in
the COD content at higher coagulant doses or
exceeded the optimum dose (Wardono et al.,
2017; El Enshasy et al., 2018). The COD increase was due to the exceeding of optimum
MOSP dose (which also occurred in the previous studies where 3% of MOSP coagulant
in leachate treatment increased COD from
520.5 ± 0.71 mg/L to 987.0 ± 2.83 mg/L and
in the Baluk river water treatment increased
the COD removal from 132.0 ± 2.83 mg/L to
164.0 ± 2.83 mg/L) (Vymazal, 2010); adding
5% of MOSP coagulant increased the COD removal from 281 mg/L to 650 mg/L (Wardono
et al., 2017); and increased the COD removal
from 3712.5 mg/L to 4900 mg/L for adding
30 g/L, 6682.5 mg/L for adding 40 g/L, and
7720.5 mg/L for adding a dose of 50 g/L (El
Enshasy et al., 2018).
The COD removal also occurs when batik
wastewater enters HSSFCW. In the initial stage
(on day 3), COD reduced from 1,320 mg/L to
690 mg/L or had 69.44% removal efficiency.
Then, on day 5, it increased into 70.37%; however, on day 7, it decreased to 68.52% (see
Fig. 3). The decrease in the COD removal efficiency is caused by the decomposition of the
organic matter done by aerobic microbes and
aerobes in HSSFCW (De Paoli & Sperling,
2013; Saeed & Sun, 2012) as well as sedimentation (Qin and Chen, 2016; Vymazal and
Kröpfelová, 2009).
The removal process occurred through two
mechanisms, namely the simplification of polymers into monomers such as amino acids, fatty
acids, and monosaccharaides (Megonikal et al.,
2004). Furthermore, it is also due to the ammonification process that produced fatty acids
such as acetic acid, butyric and lactic, alcohol as well as CO2 and H2 gases (Vymazal and
Kröpfelová, 2009; Qin and Chen, 2016) by nitrifying bacteria (Vymazal et al., 1998).

Effect of the technology combination on TSS
In the TSS removal, using 750 mg/L and
1500 mg/L MOSP as able to reduce TSS from
3,180 mg/L to 690 mg/L (having the removal
efficiency of 78.3%) and from 3,180 mg/L to
164 mg/L (having the removal efficiency of
94.84%). However, despite its high removal efficiency, adding 750 mg/L and 1500 mg/L MOSP
in this research still did not meet the standard
effluents of discharged wastewater regulated by
The Regulation of The Ministry of Environment
of Indonesia No. 5/2014 (supposedly 50 mg/L).
The previous studies found a high TSS efficiency of 99.2% by using MOSP in the coagulation-flocculation process of wastewater treatment (Qomariyah et al., 2017) (De Paoli & Sperling, 2013). Another research found that adding
40 mg/L and 70 mg/L MOSP had the TSS removal efficiency of 67.7% and 70.9%, respectively
(Chusan et al., 2014; Madrona et al., 2017). The
decrease in TSS also occurred from 1248 mg/L
to 270 mg/L by adding 30 g/L MOSP and from
204 mg/L to 156 mg/L by adding dose 50 g/L
MOSP (El Enshasy et al., 2018). The decrease in
TSS is caused by the role of basic polypeptides in
MO which has a molecular weight of 6000–16000
Daltons (De Paoli and Sperling, 2013). Basic positively charged polypeptides conduct electrostatic
interactions by sticking to the surface of the negatively charged particles, such as clay, bacteria,
and dust (Chusan et al., 2014; Satterfield, 2005;
Qomariyah et al., 2017)(De Paoli and Sperling,
2013). At this stage, two mechanisms occurred
simultaneously (adsorption and neutralization of
particles mechanism as well as unstable adsorption and binding between particles mechanism)
(Madrona et al., 2017; Charoenlarp and Prabphane, 2015), and the suspended particles move
form lumps into larger molecules before sedimenting and separating from contaminants (De
Paoli and Sperling, 2013).
Unlike the effect of MOSP on the COD removal, adding MOSP with a higher dose results
in higher TSS removal efficiency (Madrona et
al., 2017). It is caused by two mechanisms during the removal process (adsorption and neutralization of particles and unstable adsorption and
binding between particles) (Chusan et al., 2014)
as the higher the dose of coagulant, the higher
the mechanism process. In addition, MO – as the
main coagulant – is more effective in water with
high turbidity (Egbuikwem and Sangodoyin,
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2013; Ndabigengesere and Narasiah, 2010) because water with low turbidity contains lower
colloidal particles, so the contact between particles in the system becomes low (Egbuikwem
and Sangodoyin, 2013). In this research, the
1500 mg/L of MOSP has higher TSS removal
efficiency but it has lower removal efficiency in
terms of COD and FOG.
The follow-up process in using HSSCW is
carried out because the TSS content resulted from
the coagulant-flocculation process using MOSP
(with 750 mg/L and 1500 mg/L) did not meet the
standard TSS effluent of discharged wastewater
regulated by the government. By then, 87.25% of
removal efficiency was obtained on day 3 (from
690 mg/L to 88 mg/L) and 91.30% of removal
efficiency on day 5 (from 690 mg/L to 60 mg/L)
(Fig. 4). The increases of the TSS removal efficiency on day 5 were due to sedimentation of
smaller particles which cannot settle on day 3
at the inlet. In the process of sedimentation, the
largest and heaviest particles settle on the inlet or
inlet section. Smaller and denser particles require
additional hydraulic retention time. However, on
day 7, the TSS removal efficiency decreased into
85.80% (at 80 mg/L) due to the occurrence of particle re-suspension (Wallace and Knight, 2006).
The TSS removal process in HSSFCW is due
to the deposition process caused by the interception of suspended solids because of the reduced
speed of water flow through wetland media
(Wallace and Knight, 2006; Kadlec and Wallace,
2009; Andreo-Martínez et al., 2016; Vymazal et
al., 1998; Wallace and Knight, 2006; Weerakoon
et al., 2018), aggregation or flocculation (Wallace & Knight, 2006), and filtration (AndreoMartínez et al., 2016; Kadlec and Wallace, 2009;

Vymazal et al, 1998; Wallace and Knight, 2006;
Weerakoon et al., 2018). In fine-grained media,
the interception process occurs randomly either
at the micro scale (Brownian motion) or macro
scale (bioturbation) which makes it easy for the
particles to settle (Kadlec and Wallace, 2009;
Vymazal et al., 1998).

Fig. 4. Effect of combination technology on TSS

Fig. 5. Effect of combination technology on FOG
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Effect of the technology combination on FOG
FOG is a part of lipids consisting of fatty acids, triacylglycerol, and fat-soluble hydrocarbons
(Husain et al., 2014). The FOG content in the batik wastewater was detected at 9,740 mg/L. Adding 750 mg/L of MOSP in the coagulation flocculation process enabled able to reduce the FOG
to 2.632 mg/L (having the removal efficiency of
78.07%), yet adding 1500 mg/L lowers the removal efficiency by 76.03% (reduce to 2.876 mg/L).
This value still did not meet the threshold set by
the government (supposedly 3 mg/L).
The FOG removal by MOSP is not in line with
the previous research which says that the MO oil
extraction is not needed in the coagulation-flocculation process or sedimentation (Billore et al.,
2009). The decrease in the removal efficiency
is along with the MOSP doses addition. This is
due to the large amount of fatty oil in the extract
water of MOSP (by 29.5%) (Mghaoui, 2018).
This amount is added to the wastewater content
which is by 37%. Accordingly, it means during
the coagulation flocculation process the oil content in the MOSP was not completely removed
(Vymazal, 2010), by then the higher dose of MO
seeds, the higher FOG content remains in the
treated water. Therefore, if MO is not extracted
in advance, the right dose in treating fat oil in the
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batik wastewater is 750 mg/L, but for more optimal results, the extraction is needed in order to
remove the MOSP oil content. The following process was done through the HSSFCW at retention
time of 3 days resulting in 69.60% of removal efficiency. Subsequently, an increase in removal efficiency to 70.59% occurred at detention time of
5 days (Fig. 5). However, this removal efficiency
decreased to 68.69% on day 7 retention time.
The similar FOG decrease also occurred in
the previous research where the microbial Bacillus cereus and Pseudomonas aeruginosa in organic fertilizers and modified strains were able
to remove 98.25% of FOG in HSSFCW with
plants and 16–44% of FOG in HSSFCW without
plants. HSSFCW was able to process FOG due to
the existence of several types of microfits which
are provably effective in degrading contaminants
(Mustafa, 2013). Lipids, fatty acids, triacylglycerol, and dissolved hydrocarbons contained in
fatty oils can be decomposed by the microorganisms that live in HSSFCW aerobically. In addition, the decrease in FOG was possibly caused
by the solids filtered on the media where sticking
on the cavities between media and forms biofilms
(Vymazal and Kröpfelová, 2009).

CONCLUSIONS
Combining the coagulation-flocculation technology using MOSP with HSSFCW for the batik
wastewater treatment is not effective in removing parameters (COD, TSS, and FOG) to meet the
standard effluents of discharged wastewater regulated by The Regulation of The Ministry of Environment of Indonesia No. 5/2014, despite its high
removal efficiency. However, this technology is
capable of increasing the pH value to neutral condition (up to 7.33).
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