Analyze of Parameter Values of Sasirangan Home Industry
Wastewater at Hot and Cold Dyeing

Noraida, *Abdul Khair

Environmental Health Poltekkes Kemenkes Banjarmasin, Mistar Cokrokusumo Street
la Banjarbaru, Indonesia.*Email: ulunkhair@gmail.com
DOI: 10.31964/mltj.v10i1.555

Abstract: The sasirangan fabric home industry produces wastewater through the hot
and cold dyeing process. It is necessary to know the coloring process and wastewater
parameter values to design good wastewater treatment. The purpose of the study was
to compare the wastewater parameter values including pH, NH3-N, BOD5, COD, TSS,
Oil/Fat, Color, Phenol, Temperature, H2S and Crom Total from Sasirangan Home
Industry Wastewater at Hot and Cold Dyeing. This type of research is comparative
research with static group comparison design. The sample is a portion of wastewater
from home industries from in the province of South Kalimantan Indonesia, namely
Banjarmasin City, Banjarbaru City, and Banjar Regency. The sampling technique used
accidental sampling with a total of 20 samples consisting of 10 samples of the hot
dyeing process and 10 samples of the cold dyeing process. Parameters that do not
meet the standards in the hot dyeing process are pH, BOD5, COD, TSS, color, and
phenol, while in the cold dyeing process are BOD5, COD, TSS, and color. Statistically,
there is a significant difference in the parameter values of pH, TSS, color, phenol, and
temperature in sasirangan cloth home industry wastewater between the two
processes. The results of the research can be used for planning wastewater treatment
for the Sasirangan home industry.
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INTRODUCTION

Cancer is one of the NCDs. Cancer in Indonesia is the highest NCD after
coronary heart disease. One of the triggers for cancer is synthetic dyes, which in
certain levels can be toxic and carcinogenic. (Adriani & Zarwinda, 2019).

Dyes are divided into natural and synthetic dyes. Synthetic dyes are easy to
produce, have different colors, and have fastness properties, so they are more widely
used than natural dyes (Khehra et al. 2006). Synthetic dyes, apart from being easy to
obtain raw materials, the coloring process is also easier and faster (Nugraha &
Rakhmatiara, 2020; Rosyida & Achadi, 2014). Synthetic dyes are classified into
different groups based on their chemical structure (e.g. azo, anthraquinone, sulfur,
phthalocyanine, and triarylmethane) and according to the way they are applied (e.g.
reactive, direct, disperse, basic dyes) (Popli and Patel 2015). Ecosystems can be
polluted by textile industry waste because the waste is dumped into the surrounding
environment without special processing first and does not meet quality standards that
are safe for the environment (Andriani, 2017; Paramnesi & Reza, 2020; Zammi et al.,
2018). River water polluted by the disposal of textile dye waste can inhibit the life of
biota that lives along the river flow. (Zammi et al., 2018). Apart from polluting river
water, textile dye wastewater can also pollute people's dug wells (Rizza, 2013)

The textile industry in Indonesia grew rapidly starting in 2018 compared to the
food and beverage industry, chemical industry, automotive industry, and electronics
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industry (Pratiwi, 2020). However, this condition can cause other problems, these
industries produce liquid waste in the form of synthetic dyes, suspended solids, heavy
metals, and other chemical components that can pollute the surrounding environment
(Subagyo, 2021).

The Banjar tribe is an indigenous population living in South Kalimantan,
Indonesia that has certain characteristics. One of the characteristics of the Banjar tribe
is the use of cloth clothing with colorful patterns and distinctive designs called
sasirangan cloth. Initially, sasirangan cloth was used by the nobles of the Banjar
kingdom. But nowadays, the popularity of sasirangan fabric has increased and made
it a local industrial commodity typical of South Kalimantan (Andriana, 2018).

Currently, the sasirangan industry can be said to be a mainstay industry, the
sasirangan industry has been designated as one of the ten leading
commodities/products/business types of South Kalimantan (Putra, 2011). Sasirangan
cloth is produced by home industries, on the one hand, the sasirangan cottage industry
has improved the community's economy, but on the other hand, the wastewater
produced has not been managed properly (Andriana, 2018).

Based on preliminary studies conducted by researchers, it is known that the
distribution of sasirangan home industries in South Kalimantan is mainly in
Banjarmasin City, Banjarbaru City, and Banjar Regency. According to Nasruddin et
al., 2018 the majority of sasirangan industry business managers (80%) use synthetic
dyes. The types of chemicals used in dyeing sasirangan fabric include Na2S04, SLS,
caustic soda, indhanthren dye (especially for hot dyeing), indigosol dye (hot dyeing),
naphthol dye (especially for cold dyeing), frozen/frosi dye (cold dyeing), the most
widely sasirangan industry for used Indhanthren dye and naphthol dye (Nasruddin et
al., 2018).

Indhanthren dye has physical characteristics such as blue needles with a
metallic luster or very fine blue powder, insoluble in water (must first be reduced to an
alkaline metal salt solution), resistant to light and heat, but sensitive to chlorine, poor
affinity, cannot color. cellulose fiber directly (Nasruddin et al., 2018). Indhanthren dyes
used for sasirangan cloth include Yellow FG, Gold Yellow, Brown, Gray, Violet, Black,
Red, Green B, RSN, Blue KR (Nasruddin et al., 2018).

Naphthol dye has the characteristics of being colorless and insoluble in water
(caustic soda is needed), it is an adjective dye (needs another substance to produce
color), the color produced depends on the type of naphtol salt at the time of coupling,
during the intermediate time the naphthol fabric material is sensitive to air, light,
droplets of other liquids, chemical vapors, so it must be dry when coupling is carried
out (Nasruddin et al., 2018). Naphthol dyes used for sasirangan fabric include
Naphthol AS G, Naphthol AS LB, Naphthol AS, Naphthol ASD, Naphthol AS BS,
Naphthol AS, Naphthol AS BR, Yellow, Orange GC, Red GG, Red B, Violet B, Blue B,
Blue BB, Black B, TRO (Nasruddin et al., 2018).

Previous research regarding the parameters of sasirangan wastewater has
been carried out, namely on the color of wastewater (Arifin et al., 2017), BOD and
COD levels of sasirangan waste (llmannafian et al., 2022), sulfide levels, BOD, COD,
total phenols, TSS, oil and fat, NH3N, chrome, cadmium, pH of sasirangan waste
(Nasrullah et al, 2018).

However, there is still limited research analyzing the parameter values of
sasirangan fabric wastewater related to the hot/cold dyeing process carried out due to
differences in the types of dyes such as Indhanthren dye (specifically for hot dyeing)
and naphthol color (specifically for cold dyeing). So this research aims to compare the
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parameter values of Sasirangan household industrial wastewater in hot and cold
dyeing.

MATERIALS AND METHODS

This type of research is comparative research, which compares parameter
values in sasirangan home industry wastewater between the hot dyeing process and
the cold dyeing process. The research sites were sasirangan home industries located
in the province of South Kalimantan Indonesia, namely Banjarmasin City, Banjarbaru
City, and Banjar Regency. The study population was all home industry wastewater
from the hot dyeing process and the cold dyeing process. While the sample is a portion
of home industry wastewater from the hot dyeing process and the cold dyeing process.

The sampling technique uses accidental sampling with a total of 20 samples
consisting of 10 samples of the hot coloring process and 10 samples of the cold
coloring process. Measurement of pH and temperature parameters is carried out
directly in the field. Sample treatment for delivery to the Banjarbaru Standardization
and Industrial Services Center (BSPJI) laboratory is for examination of TSS, color, and
BOD parameters put in a cool box, for examination of crom parameters preserved with
the addition of nitric acid, and for examination of oil/fat, ammonia, COD, and phenol
parameters preserved with the addition of sulfuric acid.

pH examination using Lovibond pH meter with SNI method, NHs-N using
Shimadzu UV-1900 Spectrophotometer with SNI method, BOD5 using Horiba DO
Meter with Winkler Titrimetric method, COD using Horiba Spectrophotometer with SNI
method, TSS using oven and anaitic balance with SNI method, Oil/Fat using oven and
analytical balance with Gravimetric method, Color using Hach Spectrophotometer with
Spectrophotometric method, Phenol using Shimadzu UV-1900 Spectrophotometer
with Spectrophotometric method, Temperature using Lovibond Digital Thermometer,
H2S using Pyrex Burette with Titrimetric method, and Total Chrom using SSA GBC
Avanta with SNI method.

The data obtained were then analyzed descriptively and analytically. T-test was
conducted to compare the value of sasirangan home industry wastewater parameters
between the hot dyeing process and the cold dyeing process according to the results
of the data distribution test.

Approval for this study was obtained from Ethics Comission of Politeknik
Kesehatan Kemenkes Banjarmasin No.208/KEPK-PKB/2023.

RESULTS AND DISCUSSION

Wastewater treatment design must begin with understanding the processes
that occur in the industry that generates the wastewater. Furthermore, sampling and
parameter checks are carried out and compared with applicable regulations. Currently,
regulations related to Wastewater Quality Standards for Textile Industry Businesses
and/or Activities are listed in the appendix of the Minister of Environment and Forestry
Regulation No.P.16/MenLHK/Setjen/Kum.1/4/2019.

It is known that there are 2 coloring processes carried out in the sasirangan
fabric home industry, namely the hot coloring process and the cold coloring process.
The results of sampling and examination of 11 parameters in the hot dyeing process
are shown in Table 1.
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Table 1. Descriptive Analysis of Hot Dyeing Process Parameters

Parameters Unit Min Max Mean SD Standar*
pH - 11.28 13.18 12.35 0.53 6to9
NHs-N mg/L 1.075 3.400 1.956 0.79 8.00
BODs mg/L 420 1650 903.8 424.5 60
COD mg/L 1146.1 4249.4 2307.3 1074.7 150
TSS mg/L 101 820 385.9 305.6 50
Oil/Fat mg/L 0.9 3.2 1.8 0.89 3.0
Color Pt-Co 1290 3900 2704.5 827.6 200
Phenol mg/L 1.000 3.800 1.995 1.089 0.50
Temperature °C 32.8 38.3 35.4 1.9 + 2 water
temp
H2S mg/L 0.0009 0.0009 0.0009 0.000 0.30
Crom Total mg/L 0.014 0.019 0.015 0.003 1.00

*Regulation of Minister of EF No.P.16/MenLHK/Setjen/Kum.1/4/2019

Table 1 is the result of descriptive data processing of 11 parameters from
sasirangan cloth home industry wastewater in Banjarmasin City, Banjarbaru City, and
Banjar Regency with the hot dyeing process. The table shows that in the hot dyeing
process of the sasirangan fabric home industry there are 6 parameters that do not
meet the textile industry wastewater quality standards listed in the Minister of
Environment and Forestry Regulation No.P.16/MenLHK/Setjen/Kum.1/4/2019 namely
pH, BOD5, COD, TSS, color, and phenol.

The results of sampling and examination of 11 parameters in the cold dyeing
process are shown in Table 2.

Table 2. Descriptive Analysis of Cold Dyeing Process Parameters

Parameters Unit Min Max Mean SD Standar*
pH - 4.27 9.70 6.95 2.02 6to9
NHsz-N mg/L 1.127 5.680 2.169 1.32 8.00
BODs mg/L 186 840 512.7 236.3 60
COD mg/L 421.9 2360.1 1289.4 699.8 150
TSS mg/L 208 2041 1008.4 643.2 50
Oil/Fat mg/L 0.9 3.2 2.1 0.94 3.0
Color Pt-Co 166 1355 674.6 459.9 200
Phenol mg/L 0.012 0.650 0.239 0.211 0.50
Temperature °C 29.2 32.0 30.6 0.9 + 2 water
temp
H2S mg/L 0.0009 0.0009 0.0009 0.000 0.30
Crom Total mg/L 0.014 0.018 0.014 0.001 1.00

* Regulation of Minister of EF No.P.16/MenLHK/Setjen/Kum.1/4/2019

Table 2 is the result of descriptive data processing of 11 parameters from
sasirangan cloth home industry wastewater in Banjarmasin City, Banjarbaru City, and
Banjar Regency with the cold dyeing process. The table shows that in the cold dyeing
process of the sasirangan fabric home industry there are 4 parameters that do not
meet the textile industry wastewater quality standards listed in the Minister of
Environment and Forestry Regulation No.P.16/MenLHK/Setjen/Kum.1/4/2019 namely
BODS5, COD, TSS, and color.
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To determine whether there is a difference in the average value of 11
parameters that have been examined in the laboratory, the appropriate comparison
test is carried out. The results of the comparison test can be seen in Table 3.

Table 3. Comparison Test of Hot and Cold Dyeing Process Parameters
Comparison Results

Parameters Distribution

Compare Test P value

pH Normal Paired T-Test 0.000*
NH3s-N Not Normal Wilcoxon Test 1.000
BODs Not Normal Wilcoxon Test 0.074
COD Not Normal Wilcoxon Test 0.114
TSS Not Normal Wilcoxon Test 0.037*
Oil/Fat Not Normal Wilcoxon Test 0.192
Color Normal Paired T-Test 0.000*
Phenol Normal Paired T-Test 0.017*
Temperature Normal Paired T-Test 0.001*
Crom Total Not Normal Wilcoxon Test 0.655

* There is a difference at 0.05

Table 3 shows that 5 parameters are statistically significantly different at an
error level (alpha) of 0.05, namely pH, TSS, color, phenol, and temperature. The
parameters NH3-N, BOD5, COD, oil, and total chrome were not statistically different.

In the process stages of the textile industry, including the sasirangan industry,
the main problem is the coloring and finishing stages. These processes require various
chemicals and dyes which are generally organic compounds with complex structures.
Wastewater from these stages becomes a problem in its disposal (Savin & Butharu,
2008).

The average pH value in the hot dyeing process is 12.25 (Tabel 1) and in the
cold dyeing process is 6.95 (Table 2). Regulation of Minister of Environment and
Forestry is that the standard pH of textile industry wastewater is between 6 to 9. This
means that the pH of sasirangan industry wastewater in the hot dyeing process has
exceeded the standard while the pH of sasirangan industry wastewater in cold dyeing
does not exceed the standard. These pH values correspond to the results of textile
wastewater characterization for ten years in Bangladesh which ranged from 3.9 to 14
(Dey & Islam, 2015). Statistical results show differences in pH in the two dyeing
processes (Table 3), the pH of cold dyeing is lower than hot dyeing, the cold dyeing
process uses naphthol dye which requires caustic soda and Turkish Red Oil (TRO).
The use of caustic soda chemicals that are alkaline and highly caustic. is intended so
that the dye can be perfectly attached to the fibers of the sasirangan fabric while TRO
is used as a wetting agent for sasirangan fabrics that will be dyed (Nasrullah et al.,
2018). Wastewater with a pH that does not meet the standards that are discharged
carelessly into the river will have an impact on the life of biota living in the river
(Osibanjo et al., 2011). In addition, the pH of wastewater is one of the parameters that
affect wastewater treatment (Mandal, 2014).

The content NH3-N in the hot dyeing process of the sasirangan industry
wastewater was 1.956 mg/L (Tabel 1) and in the cold dyeing process was 2.169 (Tabel
2). Regulation of Minister of Environment and Forestry is that the standard NH3-N in
textile wastewater is 8 mg/L. This means that the ammonia content in the hot dyeing
process and cold dyeing process does not exceed the standard. The low ammonia
content is an indication of the absence of odor generated in the sasirangan industry
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wastewater. Other research shows similar results in Sasirangan wastewater has
NH3N levels of 1,879 mg/L (Nasrullah et al., 2018).

In the hot coloring process of sasirangan industrial wastewater, the average
Biological Oxygen Demand (BOD) value is 903.8 mg/L (Table 1) and in the cold
coloring process is 512.7 mg/L (Table 2). Regulation of Minister of Environment and
Forestry is that the BOD standard for textile industry wastewater is 60 mg/L. This
means that the BOD value in both the hot dyeing process and the cold dyeing process
has exceeded the specified standard. Other research shows lower results that
Sasirangan wastewater has BOD levels of 59,12 mg/L (Nasrullah et al., 2018). High
BOD values indicate high oxygen demand for microorganisms to decompose
biodegradable organic matter. If these biodegradable materials are in large quantities,
they can be harmful to water body (Rono, 2017). The higher the BOD value in river
water, the worse the water quality and will reduce the value of Dissolved Oxygen (DO)
because of the large number of microorganisms in the water. Furthermore, fish and
other organisms cannot survive (Rahman et al., 2012).

Chemical Oxygen Demand (COD) is one of the important indicators of textile
wastewater quality. COD is the amount of chemical compounds need for oxygen to
decompose organic matter. In the hot dyeing process of sasirangan industrial
wastewater, the COD value is 2307.3 mg/L (Tabel 1) while in the cold dyeing process
it is 1289.4 mg/L (Tabel 2). Regulation of Minister of Environment and Forestry is that
COD value for textile wastewater is 150 mg/L. This means that the COD value in
sasirangan wastewater both in the hot dyeing process and the cold dyeing process
has exceeded the specified standard. Other research shows lower results that
Sasirangan wastewater has COD levels of 348,9 mg/L (Nasrullah et al., 2018)The high
COD value of river water is an indication of the poor quality of the river water. The
development of aquatic biota becomes unsuitable in conditions of higher COD values
(Naubi et al., 2016).

The parameter that is also used as an indikator in textile waste is Total
Suspended Solid (TSS). TSS is a solid suspended in water in the form of organic and
inorganic materials that can be filtered with millipore paper with 0.45 micrometer pores.
The TSS value in the hot coloring process of the sasirangan industry wastewater was
385.9 mg/L (Tabel 1) while in the cold coloring process it was 1008.4 mg/L (Tabel 2).
Regulation of Minister of Environment and Forestry is that TSS value is only 50 mg/L.
Therefore, this shows that both the TSS value in the hot dyeing process and in the
cold dyeing process have exceeded the specified standard. The high TSS
concentration will affect the BOD and COD values in the water body (Jingsheng et al.,
2006). There is a significant difference in the TSS values in the two dyeing processes,
the TSS for hot dyeing is smaller than the TSS value for cold dyeing, this is possibly
due to hot dyeing, the substances carried are easily dissolved, thereby reducing the
amount of suspended solids.

Oil/fat is also one of the parameters regulated in textile waste. The average
value of oil/fat in the hot dyeing process is 1.8 mg/L (Tabel 1) and in the cold dyeing
process is 2.1 mg/L (Tabel 2). These values are still below the set standards
Regulation of the Minister of Environment and Forestry. Other research shows lower
results in Sasirangan wastewater with levels oil/fat of 0,4 mg/L (Nasrullah et al., 2018).
The content of oil and grease in textile wastewater is not clearly detectable in other
research (Bisschops & Spanjers, 2003).

The main parameter that characterizes the wastewater of the home-based
sasirangan industry is the color parameter. The average value of water color in the hot
dyeing process was 2704.5 Pt-Co (Tabel 1) and in the cold dyeing process was 674.6
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Pt-Co (Tabel 2). These values have exceeded the set standard Regulation of Minister
of Environment and Forestry of 200 Pt-Co. Other research shows lower results in
Sasirangan wastewater with a color content of 107.93 Pt-Co (Nasrullah et al., 2018).
Statistically, there was a difference in the mean water color values between the two
dyeing processes (Tabel 3).

Hot dyeing gets a higher color value than wet dyeing. Indhanthren dye used in
hot dyeing belongs to the anthraguinone group which is one of the main groups of
colored pollutants which is very resistant to degradation due to the presence of melted
aromatic rings, which helps the dye stay colored longer (Hassaan, M.A. et al, 2017).
Anthraquinone dyes are dyes that are insoluble in water due to the presence of
chromophoric groups formed by C=0 and C=C conjugation (Choudhary, Roy, A.K.,
2018).

Naphthol dyes are used in cold dyeing. Naphtol dye is a textile dye that is used
for dyeing quickly compared to natural dyes and other synthetic dyes, such as
indigosol and remasol (Lorenza S., 2022). 2-Naphthol is a colorless (or sometimes
yellow) fluorescent crystalline solid with the formula C10H70OH (Nair GP, 2011). 2-
naphthol is also called B-hydroxynaphthalene and belongs to polycyclic aromatic
hydrocarbons with stable chemical structure and strong biological toxicity (Wang, X.;
Chen, Q., 2017; Vo, N et al, 2020). The biotoxic effect of 2-naphthol is to reduce
glutathione in lung cells, making people more susceptible to lung cancer (Zang, S. Et
al., 2010).

Discharge of dyes into water streams based on dye classification ranges from
2% for basic dyes, to 50% for reactive dyes; from the initial dye concentration (Babu,
B. R et al.,, 2007). Reactive dyes which are synthetic dyes include azo dyes and
anthraquinones (Khehra, M. S. et al., 2005). The complex structure of this dye makes
it very toxic and resistant to degradation (Mohammad, S. G. et al., 2012; Deng, D. et
al., 2008). Naphthol dyes used in cold dyeing belong to the azo dye group and
Indhanthren dyes used in hot dyeing belong to the anthraquinone group (Khehra, M.
S. et al., 2005).

The phenol content in the hot coloring process of sasirangan industrial
wastewater amounted to an average phenol value of 1.995 mg/L (Tabel 1) and in the
cold coloring process amounted to 0.239 mg/L (Tabel 2). The phenol content in the
hot coloring process exceeds standard Regulation of Minister of Environment and
Forestry of 0.50 mg/L. Phenol is a toxic compound that can cause environmental
problems if disposed of carelessly (Ozbelge et al., 2002). There is a statistical
difference in the phenol value in the two dyeing processes (Table 3), hot dyeing has a
higher penol value compared to cold dyeing. Indhanthren dye used in hot dyeing
belongs to the anthraquinone group. Anthraquinone compounds are one of the
secondary metabolite compounds belonging to the group of phenolic quinones which
in their biosynthesis come from phenol derivatives (Ariningsih, et al., 2003).

The average temperature value in the hot process is known to be 35.4 degrees
Celsius (Tabel 1) while in the cold process it is 30.6 degrees Celsius (Tabel 2). This
temperature condition is still in accordance with the temperature of wastewater from
the textile industry in Bangladesh, which is between 25-65 degrees Celsius (Dey &
Islam, 2015). Statistically there is a difference in the average temperature value in the
two dyeing processes, because the technique used for dyeing dyes uses hot and cold
conditions.

Wastewater from the sasirangan industry is odorless. This is indicated by the
average value of H2S both in the hot dyeing process and in the cold dyeing process
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is the same at 0.0009 mg/L (Tabel 1&2). These values have not exceeded the
Regulation of Minister of Environment and Forestry H2S standard of 0.3 mg/L.

The limitation of the research is that data was not collected on the types of dyes
used in the Sasirangan home industry in the hot dyeing and cold dyeing processes.
The research discussion is based on a literature data approach which states the many
types of dyes used in the hot dyeing and cold dyeing processes in the Sasirangan
home industry, South Kalimantan.

CONCLUSION

Parameters that do not meet applicable standards in hot dyeing process
wastewater are pH, BODs, COD, TSS, color, and phenol, while in the cold dyeing
process are BODs, COD, TSS, and color. Statistically there is a significant difference
in the parameter values of pH, TSS, color, phenol, and temperature in sasirangan
fabric home industry wastewater between the hot dyeing and cold dyeing processes.
The results of this research with data on differences in wastewater parameter values
can be used to plan better wastewater treatment for the sasirangan cloth household
industry.
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