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Abstract: The development of the batik industry is one of the triggers for economic growth in 

Indonesia. However, the batik industry wastewater is a problem for the environment. The batik 

waste produced is cloudy and thick in color. The dye is produced from the remaining dye, the 

washing process, and the water rinsing. In general, dyes are nonbiodegredable organic 

compounds that can cause environmental pollution, especially the aquatic environment. The 

discharge of colored wastewater not only damages the aesthetics of water bodies but also 

poisons aquatic biota. This research was conducted to analyze the level of rejection of color 

compounds and Pb metal in the processing of batik production waste using NF270 

nanofiltration membranes. This research was conducted at operating pressure (4 bar, 5 bar, and 

6 bar), with a concentration of batik waste color before filtration of 743.04 Pt-Co and a Pb 

concentration of 3.015 Mg / L. The results showed that the rejection value of color 

concentration and heavy metal Pb after filtration using NF270 membrane with operating 

pressures (4, 5, 6) bar were (99.59%; 99.84%; 99.87%) and respectively. (100%; 100%; 100%). 

Based on the quality standards of the Ministry of Environment and Forestry Regulation No.5 

of 2004 and Central Java Regional Regulation No.5 of 2012, the color of batik and Pb metal 

waste water has met the quality standard. Even the processed batik liquid waste has met the 

quality standards of clean water and drinking water. 
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Introduction 

In the production process, the batik industry uses a lot of chemicals and water. This wastewater 

is alkaline characterized by color and high pH (10-12.5) and has a high salt content (Shu et al., 

2005; Aouni et al., 2012). This colored liquid waste causes problems in the aquatic environment 

if it is immediately disposed of because it contains non-biodegradable organic compounds 

(Suprihatin, 2012). Disposing of liquid batik waste directly into the environment without any 

prior treatment can reduce the quality of the environment and damage life in the environment 

(Purwaningsih, 2008). Therefore, proper liquid batik waste processing needs to be done to 

obtain the appropriate quality standards before being discharged into the environment 

(Chakraborty et al., 2005). 

The batik industry is one of the producers of liquid waste originating from the coloring process. 

Apart from the very high dye content, the batik industrial waste also contains synthetic 

materials which are difficult to decipher. After the coloring process is complete, a cloudy and 

thick colored liquid waste will be produced; usually, the color of batik wastewater depends on 

the dye used. Batik liquid waste, which is thick in color, can cause problems for the 

environment (Lestari, 2017). 
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The dyes produced from the batik industry are generally non-biodegradable organic 

compounds that can cause environmental pollution, especially waters. Suppose the waste batik 

industry can increase COD (Chemical Oxygen Demand) levels. Colors that are widely used in 

the batik industry are remazol black, red, and golden yellow. In coloring, this compound is only 

used about 5%, while the remaining 95% will be disposed of as waste. This compound is stable 

enough so that it is very difficult to degrade in nature and is dangerous for the environment, 

especially in very large concentrations because it can increase COD (Lestari, 2017). The dyes 

most widely used in the batik industry include benzonaphthalene derived dyes, azonaphthalene 

derived dyes, direct (natural) dyes, and reactive dyes (Sumantri et al., 2006). This color density 

can block the penetration of sunlight so that it inhibits the photosynthesis process in water. As 

a result, the oxygen needed for aquatic life will decrease (Nasution, 2009). 

Color is one of the mandatory physical parameters stipulated by Permenkes RI No.416 / 

Menkes / PER / IX / 1990. The Kepmenkes RI No. 416 of 1990 states that the maximum color 

limit for clean water is 50 on the TCU scale. In a color analysis, the instrument used is a 

spectrophotometer). Apart from dyes, heavy metal ions in other batik wastewater are also quite 

high (Kiswanto et al., 2019). 

Lead or Plumbum (Pb) is a metal with black color. Formerly used as a constituent in paints, 

stamps and is now widely used in gasoline. Organic lead (TEL stands for tetraethyl lead) is 

deliberately added to gasoline to increase the octane. Pb in poison is systemic. Pb poisoning 

will cause symptoms: metallic taste in the mouth, black lines on the gums, GI disorders, 

anorexia, vomiting, clicks, encephalitis, stress drop, irritability, personality changes, paralysis, 

and blindness. Basophilic stippling of red blood cells is a pathognomonic symptom of Pb 

poisoning. Other symptoms of poisoning include anemia and albuminuria. Organic Pb tends to 

cause encephalopathy. In acute poisoning, there will be meninges and general, followed by 

stupor, coma, and death: high cerebrospinal liquor pressure (CSF), insomnia, and somnolence. 

The allowance for dye and Pb is based on a preliminary study of the characteristic test of Batik 

waste in Pekalongan City which has been carried out that the color and lead parameters exceed 

the threshold set by the government in the Minister of Environment Regulation No. 5 of 2014, 

Permenkes 416 of 1990, and Central Java Regional Regulation No. 5/2012. While NF270 was 

chosen because it has advantages such as low operating costs, low energy requirements, being 

able to reduce heavy metals, nitrates, sulfates, color, turbidity, and dissolved solids (Bhuyar et 

al., 2014). NF 270 membrane was able to remove COD, TSS, TDS, and Fe respectively by 

56.4- 93.1%, 78.5-100%, 43-69.3%, 67-100%. (Kiswanto et al., 2020). 

Table 1 Characteristics of Batik Wastewater 

No Parameters Unit Concentration Quality Standard 
1. pH - 10,1 6,0-9,0

*
 

2. Temperature 
o
C 29,7 38

**
 

4. Color Skala Pt-Co (TCU) 743,04 50
***

 
5. Oil dan Fat Mg/L 30 3,0

*
 

6. TSS Mg/L 8420 50
*
 

8. COD Mg/L 12063,33 150
*
 

9. BOD5 Mg/L 3739,53 60
*
 

10. Pb Mg/L 3,015  

Source: *) Minister of Environment Regulation No. 05/2014 

**) Central Java Provincial Regulation No. 5 of 2012 

***) Regulation of the Minister of Health of the Republic of Indonesia No. 416 / IX of 1990 
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The purpose of this study was to analyze the level of removal of the color parameters and lead 

oil (Pb) in batik industrial wastewater using NF270 nanofiltration membrane technology. 

Table 2, Characteristics of the NF270 (DOW Filmtec) membrane 

Materials Polyamide Composite 

Maximum pressure (bar) 41 

Maximum Temperature (C) 45 

pH range 2-11 

MgSO4 rejection (%) >97% (2000 ppm MgSO4, T = 25
o
C) 

 

Tool 

The tools used include a spectrophotometer (Thermo Scientific with an accuracy of 0.001), 

ASS Model 210 VGP by Buck Scientific USA at a wavelength of 248 nm, a turbidimeter, a 

separating funnel, an analytical balance, and a membrane module unit as shown in Figure 1. 

Figure 1. Schematic of the membrane unit with the cross-flow operation. 

 

Information: 

1. Sample of batik liquid waste in a 300 ml beaker 

2. Reverse Osmosis Pump with Specifications Nominal Flow Rate: 1.0 PM 

Max Pump output: 110 Psi Max Inlet Pressure: 60 Psi Voltage: 24 VDC 

3. Pressure Regulator 

4. Pressure Manometer 

5. The place for the membrane to be tested. 

6. Permeate (The result of processing with a membrane) 

 

Research Procedure 

This research was conducted using commercial NF270 Nanofiltration membranes at 4, 5, and 

6 bar pressures. This membrane was obtained from Alfa Laval, Sweden, and printed with a 

diameter of 4.22 cm and then compaction for 30 minutes to stabilize the pore and membrane 

structure. 

Prefiltration using filter paper is carried out before the waste enters the membrane unit. This 

aims to reduce the number of suspended solids, which can increase the occurrence of membrane 

blockage. The research was carried out by cross-flow filtration and carried out for 3 hours with 

a permeate taking time every 15 minutes to measure the permeability with the formula : 
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Where V is the permeate volume (liters), A is the membrane surface area (m
2
), time (hours). 

Furthermore, the color rejection and Timabl (Pb) of the resulting permeate are also calculated 

with the formula: 

Where Cp is the solute concentration in the permeate, and Cf is the solute concentration in the 

feed. 

 

Method of Analysis 

Analysis of the color of the batik liquid waste feed and permeate used a spectrophotometer 

while heavy metal analysis (Pb) used AAS Model 210 VGP by Buck Scientific USA at a 

wavelength of 248 nm. 

 

 

Results and Discussion Flux Test 

Feed The feed flux profile in the form of batik waste liquid waste in Pekalongan City when it 

passes through the NF270 membrane is presented in Figure 2. 

Figure 2. Flux profile (J / Jo) on filtration using NF270 membrane 

 

Figure 2 above shows that the addition of pressure has an effect on decreasing flux. The higher 

the pressure, the faster the flux decreases over time. In the picture above, the highest decrease 

in flux is at a pressure of 6 bar, 5 bar, and 4 bar. The higher the pressure, allowing the feed to 

pass through the membrane quickly and the more fouling accumulated on the membrane 

surface and membrane structure, causing pore-clogging faster than at low pressure (Zhou, 

2010). 

The sieving mechanism occurs during the processing of batik liquid waste using the NF 270 

membrane unit, causing the feed to separate based on size according to the pore size of the 

membrane used. The length of time of operation also affects the amount of flux produced. The 

longer the time, the smaller the flux produced. According to Mulder (1996), this is caused by 

fouling, which includes concentrations of polarization, adsorption, the formation of gel layers, 

and clogging of pores. 

 

Membrane Rejection 

Membrane performance is also determined by the ability to rejection of several parameters, 

namely Color and Metal Pb. 
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Color 

The batik liquid waste feed has a color parameter value of 743.04 Pt-Co (TCU). Pretreatment 

or prefiltration is necessary if the turbidity value of the feed is above 10 Pt-Co and is done to 

reduce the concentration of dissolved solids before entering the membrane unit (Joseph and 

Roger in AWWA Manual, 2005). The value of the feed color and permeate parameters after 

being treated with a membrane unit is presented in Table 3. 

Table 3.The value of batik waste color rejection with a concentration of 743.04 (Pt-Co)  
 4 Bar 5 Bar 6 Bar 

Initial Concentration 743,04 743,04,08 743,04 

Final Concentration 3,04 1,15 0,90 

Rejection Rate 99,59% 99,84% 99,87% 

 

Based on the results of the study, the 270 Nanofiltration membrane was able to produce 

permeate/products with low color values. Nanofiltration membranes have better rejection rates 

for color separation than microfiltration membranes. The reduction in rejection rate for 4 bar 

pressure is 99.59%, 5 bar is 99.84%, and for 6 bar, it is 99.87%. This is in accordance with 

research (Kiswanto et al., 2019) that the higher the operating pressure, the greater the rejection. 

In dye removal, the higher the pressure used, the decrease in relative flux decreased (Figure 4.). 

It can be explained that the dye has a strong interaction (ionic and H-bonding) with the 

membrane surface, especially in nitrogenous fibers such as polyamide. With the high operating 

pressure, the dye is pushed or deposited on the membrane surface. This statement was 

conveyed by Akbari (2002). As a result, dye deposits on the membrane surface reduce the 

relative flux (Schafer 2004; Manttari et al., 2004; Fersi et al., 2009; Susanto, 2011). 

 

Metal Pb 

The value of heavy metal Pb in batik liquid waste feed is 3.015 mg / l. Prefiltration using filter 

paper has not been able to reduce the Pb metal content in the feed. And it still exceeds the 

quality standard, so that processing needs to be done using a membrane unit. Table 4. Shows 

the Pb rejection for the NF270 membrane at an operating pressure of 4, 5, 6 bars. 

Table 4: Initial concentration of Pb rejection value 3.015 mg / l Pressure (4, 5, and 6 bar). 
 4 Bar 5 Bar 6 Bar 

Initial Concentration 3,015 3,015 3,015 

Final Concentration 0 0 0 

Rejection Rate 100% 100% 100% 

 

The removal of Pb in the Nanofiltration membrane 270 also occurs due to electrostatic 

interactions between ions and the membrane surface. According to Tu (2013), when the 

membrane is brought into contact with metal ions, the surface charge density of the membrane 

becomes positive. Nanofiltration membrane that allows making the membrane positively, 

negatively or neutral charged. Separation based on pore size also plays a role in Pb separation. 

The nanofiltration membrane process can remove suspended solids, natural organic matter, 

bacteria, viruses, salts, and divalent ions present in water. Nanofiltration operates at a lower 

pressure than reverse osmosis, between 50-150 psi (Seungkwa, 1997). 

From the research results shown in table 4. It can be seen that the pore size expressed in 

molecular weight cutoff (MWCO) affects the removal of Pb metal parameters. NF270 

membrane has a good rejection rate in removing heavy metals in wastewater. According to 

research conducted by (Boussu 2007) that the smaller the pore size, the rejection rate of PB 
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metal parameters will increase. Because this is because the NF270 membrane is the best 

membrane for removing heavy metals and divalent compounds. 

Another factor that affects the rate of rejection of Pb metal parameters is pressure. An increase 

in the rejection rate on the NF 270 membrane at a pressure of 6 bar resulted in the faster 

formation of fouling on the surface and membrane structure so as to reduce the pore size of the 

membrane and increase the ability of the membrane to re-probe Pb parameters. 

The rejection that decreases with the addition of pressure can be due to the increase in pressure, 

the process of shrinking the pore surface of the membrane is inhibited, thereby reducing the 

performance of the membrane in the sifting process (Syarfi, 2007). 

 

Conclusion 

NF270 membrane is proven to be able to remove dyes and Pb metal in batik industrial 

wastewater. At different operating pressures (4.5 and 6 bar), the resulting rejection value was 

99.59%; 99.84%; 99.87% for color, while the Pb metal rejection value was 100% for all 

operating pressures. The highest rejection value is at an operating pressure of 6 bar so that a 

pressure of 6 bar is proven to be effective in removing color from batik waste. The higher the 

operating pressure, the higher the reaction value. 
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