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Abstract
The global textile industry is significant and presents great business potential, particularly for emerging 
nations. On the other hand, because of their erratic and quick expansion, these industrial clusters are to 
blame for the adverse environmental impacts. Different chemicals, salts, and dyes are all mixed together 
in wastewater resulting from the textile printing business. This causes it to be brightly colored, have an 
alkaline pH, and have substantially lower levels of dissolved oxygen, all of which have an impact on the 
surrounding environment. The study collects wastewater from the textile industry at each stage of the 
process and analyses it to identify its parameters. These parameters include pH (Analytical value is 6.6 
to 13.1), BOD (Analytical Value is 432 to 1840mg/l), COD (Analytical Value is 635 to 4459 mg/l), Total 
Dissolved Solids – TDS (Analytical Value is 6530 to 21989 mg/l ), TSS (Analytical Value is 275 to 1189), 
and Ammonium Nitrogen (Analytical Value is 34.2 to 49.4 ), Since these are all baseline variables, the 
natural ecological system is deteriorating. This allows for the deduction of the state authorities’ final 
alleviation standards for the ensuing treatment process.
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INTRODUCTION

 The textile industry sectors are necessary 
for the economic development1 of every country 
worldwide. In the textile industry, many reactive 
dyes are used, consisting of various chemical 
structures of aromatic compounds2 connected 
with azo bonds.3 About 40 to 50 percent of 
the mixture of all dyes used in the process will 
come out with effluent from the industries.4 The 
manufacturing process will create different types 
of pollutants with the dyes5 and lack of treatment 
knowledge and unavailability of economically 
viable treatment facilities6 will adversely affect 
the natural environment as this partially treated 
wastewater is discharged into natural waters 
for irrigation purposes and sewerage.7,8 The raw 
fabrics that come from the weaving mills cannot 
be used directly for the printing process due to 
the various types of impurities that are present 
with the fabrics during the weaving process to give 
them strength and smoothness of the fabric.9 So, 
processing the fabrics to make them printable is a 
multi-step process and requires different chemical 
treatments.10

 The many process processes before 
and after the printing process, such as desizing, 
washing, bleaching, mercerizing, dyeing, printing, 
and washing, are all a part of the textile printing 
business. Desizing is facilitated by oxidizing raw 
fabric waste, which can be accomplished using 
hydrogen peroxide,11 hypochlorite,12 clorine 
dioxide, enzymes, and mineral acids.13 lipase, 
cellulase, and amylase are good enzymes for the 
desizing process.14 In scouring the desized fabrics 
becomes clean and grease-free. The fabric is 
then washed out with detergents and solvents,15 
containing caustic soda &/or enzymatic agents. 
Bleaching increases the whiteness and absorption 
capacity of materials for dyes used in the printing 
process16 and can be achieved with hydrogen 
peroxide.17 The Mercerization process increases 
strength and ability to absorb dyes, ultimately 
helping to reduce the amount of dye used in the 
printing process.18 This is done by caustic lye and 
successive washings with acid and water to render 
the cotton fiber neutral.19 Dyeing and printing are 
similar processes, where the dyeing of cotton 
fabrics is mostly monochromatic20 and the printing 
consists of multiple dyes, binders, and polymer 

resin, plasticizers. Defoamers and resins are used 
to increase color fastness.21 Lastly, Washing is 
performed with laundry detergents to remove the 
dye and other chemicals that cannot be absorbed 
by the cotton fabrics.
 The goal of the current study was 
to evaluate the actual physico-chemical 
characteristics of industrial wastewater. Various 
salts, acids, enzymatic ingredients, dyes of various 
colors, and other chemicals are used during the 
entire process.22 All of the leftover materials 
are eventually flushed into the water supply as 
industrial effluent. This indicates that the textile 
printing business produces a lot of wastewater.23 
The status of the generated effluent should 
be clarified before discharge into the natural 
environment24. It also helps to improve the effluent 
quality with chemical or biological treatment if 
needed.

MATERIALS AND METHODS

Study area 
 Jetpur is located in the Saurashtra region 
of Gujarat state on National Highway 8B and is 
about 70 km from Rajkot on the way to Junagadh. 
It is one of the largest centers for screen printing, 
block printing, and yarn dyeing in the country. 
The city is built on the river bank of BHADAR. 
Famous for the cotton saree industry, the Jetpur 
is a major exporter of Khanga and Kitenge, also 
known as African print. More than 1500 cotton 
printing industrial units operate in Jetpur and 
liters of wastewater are generated daily from 
these industries. In the Saurashtra region including 
Jetpur, the rainfall rate is much lower which means 
it is a water-scare area.

Collection and preservation of the sample
 Each of the analysis methods is highly 
dependent on the samples, where they are 
collected from, and how they are stored after 
collection. The sample collected may deteriorate 
if not kept accurately. Therefore, if possible, 
neither biological activity nor destruction of the 
chemical component should occur. At the time of 
sampling, it should be thoroughly rinsed with the 
samples collected in 10-liter plastic containers, 
and the sample analysis will be started within 24 
hours after the sampling time. The wastewater 
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was collected from the textile printing industry 
every month from September 2019 to February 
2019, when the whole process (i.e. bleaching, 
mercerizing, printing the white fabrics, and 
washing the printed fabrics) was done in the 
industry. All the sample was collected separately 
for each process and also a representative sample 
coming from the collection tank of the ETP from 
Western Overseas (which is at 21°43’25.20" N and 
longitude 70°34’10.27" E), located in the village: 
Jetalsar Taluka: Jetpur.

Analysis of physicochemical parameters for the 
characterization of wastewater
 The analysis of wastewater quality 
offers information on the extent to which it may 
degrade natural ecosystems if released into 
the environment as is.25 After examining the 
wastewater, the company can determine whether 
to adequately treat it using physical, chemical, 
or biological techniques26 in order to reuse it for 
industrial uses or dump it into the environment.
pH is measured using Aquasol Digital Meter 
Model No. AM-AL-01 (Rakiro Biotech Systems 
Private Limited). Before measuring the pH value 
of the wastewater sample, the pH meter should 
be calibrated using standard buffer solutions of 
pH 4.0, 7.0, and 9.18. The pH measurement and 
the calibration of the pH meter are carried out at 
room temperature.
 Total Dissolved Solids are the sum of the 
cations and anions in water, and more specifically, 
these are the solids containing all inorganic and 
organic substances present in water and/or 
wastewater that can pass a 2-micron filter. It is 
measured by gravimetric analysis according to 
Standard Methods for the Testing of Water and 
Wastewater, 22nd Edition, Part: 254°C.27

 Total suspended solids: These measure 
particles larger than 2 microns in a water system. It 
contains both inorganic and organic components. 
It contributes to water turbidity and also indicates 
solids that may settle to the bottom of the liquid 
system. It is measured according to the Standard 
Methods for the Analysis of Water and Wastewater 
22nd Edition, Part: 2540 D.27

 Biological Oxygen Demand is a measure 
of the number of oxidizable substances in a water 
sample that can lower the DO concentration. It 
is a bioassay method that measures the oxygen 

consumed by bacteria from the decomposition of 
organic matter, measured according to Standard 
Methods for the Analysis of Water and Wastewater, 
22nd Edition, Part: 5210 B.27

 Chemical oxygen demand represents 
the amount of oxygen consumed to digest 
organic matter present in the wastewater under 
aerobic conditions (oxygen is present) at a given 
temperature. Ultimately, this is an important 
chemical parameter for measuring organic matter 
present in the fluid system.28 It is measured 
according to the Standard Methods for the Testing 
of Water and Wastewater 22nd Edition, Part: 5220 
B.27

Ammonical Nitrogen(NH3-N)
 It describes measuring the amount of 
ammonia, which is a toxic pollutant present in 
industrial wastewater. Ammonia could be a direct 
poison to living things and upset the balance of 
environmental systems. It is measured according 
to the Standard Methods for the Testing of Water 
and Wastewater 22nd Edition, Part: 4500 - Norg B.27

RESULTS AND DISCUSSION

 The characterization of the wastewater 
from the textile printing industry is of paramount 
importance for further primary, secondary, and 
tertiary treatment in order to reuse it in industry or 
for agricultural processes. As such, if it discharges 
in the open environment, then its effect will be 
much more severe; for this purpose, the physico-
chemical parameters are analyzed and compared 
with the standards issued by the state pollution 
control office and the central pollution control 
office. 

Characterization of wastewater
 The pH range of the collected wastewater 
from the bleaching process is 9.3 to 10.4, from 
the mercerizing process is 10.8 to 11.5, from 
the printing process is 6.6 to 7.7, from the 
washing process is 10.8 to 12.2, and the mixture 
of all processes is 12.3 to 13.1. The pH of the 
effluent from the printing process wastewater 
pH was much higher than the range set by the 
governmental agencies, which should be between 
6.5 to 8.5 for the discharge according to the State 
and Central Environmental Control Agency. The 
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pH data of the collected wastewater is expressed 
in Figure 1. It’s important to note that the specific 
alkaline chemical used, its concentration, and 
the conditions of its application will determine 
the effects observed. The application of alkaline 
chemicals should be carried out with caution and 
consideration of environmental and safety aspects, 
as their misuse or mishandling can have adverse 
consequences. To achieve the ultimate discharge 
Standards, the effluent should be neutralized 
with the appropriate acidic materials that aid in 

subsequent treatment, such as primary, secondary, 
and tertiary treatment.
 Total Dissolved Solids(TDS) range of 
collected wastewater from the bleaching process 
is 9648 to 12460 mg per liter, from mercerizing 
Process is 10340 to 12645 mg per liter, from the 
printing process is 6530 to 7820 mg per liter, from 
the washing process is 10224 to 13232 mg per liter 
and a mixture of all the process is 18720 to 21989 
mg per liter which is much higher than the range 
specified by the governmental agencies (2100 mg 

Figure 1. pH Data of collected wastewater from sequential Industrial Process

Figure 2.  TDS Data of collected wastewater from sequential Industrial Process
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per Liter) which indicates a much higher value 
than compared to other processing industries. 
The Data of the TDS is represented in the form of 
Graph as shown in Figure 2. It might be due to the 
use of highly salty chemical materials for the fixing 
of the dyes, bleaching agents, and dyeing agents 
used in each stage of the printing process29. And so 
these kinds of wastewater should not suggest for 
drinking and agricultural purposes. And in further 
treatment processes like reverse osmosis and all, 

it can be removed from the water and it can be 
allowed to use in the agricultural process.
 Total Suspended Solids (TSS) range of 
collected wastewater from the bleaching process is 
275 to 487 mg per liter, from mercerizing Process is 
742 to 955 mg per liter, from the printing process is 
394 to 645 mg per liter, from the washing process 
is 548 to 783 mg per liter and a mixture of all 
the process is 1056 to 1189 mg per liter which 
is much higher than the range specified by the 

Figure 3.  TSS Data of collected wastewater from sequential Industrial Process

Figure 4.  BOD Data of collected wastewater from sequential Industrial Process
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governmental agencies (100 mg per Liter). The 
Graphical representation of the TSS is presented in 
Figure 3. As the TSS comes up with the turbidity, it 
will be going to affect the penetration of the lights 
in the natural water bodies as well as lower down 
the dissolved oxygen29. This can be lowered with 
the help of biological treatments.
 The Biological Oxygen Demand (BOD) 
range of collected wastewater from the bleaching 
process is 582 to 736 mg per liter, from mercerizing 
Process is 634 to 842 mg per liter, from the 
printing process is 432 to 785 mg per liter, from 

the washing process, is 845 to 986 mg per liter 
and a mixture of all the process is 1146 to 1840 
mg per liter which is much higher than the range 
specified by the governmental agencies (30 mg per 
Liter) to discharge for the irrigation purposes after 
proper treatment. The BOD data of the collected 
wastewater is mentioned in Figure 4. This is a 
result of the variety of chemicals employed in the 
production processes to produce the printed cloth. 
Limits for further reusing excellent quality water 
that is determined by the BOD level should be 
set,30 which can be achieved by aerobic digestion 

Figure 5. COD Data of collected wastewater from sequential Industrial Process

Figure 6. Ammoniacal Nitrogen Data of collected wastewater from sequential Industrial Process
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or the anaerobic fermentation process. The 
biological processes of aerobic digestion31 and 
anaerobic fermentation can both be utilized to 
break down organic waste. Their conditions and 
final goods, though, vary. In conclusion, anaerobic 
fermentation produces digestate and biogas 
while aerobic digestion results in the generation 
of compost. The system’s specific objectives 
and needs for waste management or energy 
production determine which process should be 
used.
 The range of chemical oxygen demand 
(COD) range of the collected effluent from the 
bleaching process is 1276 to 1576 mg per liter, 
from the mercerizing Process is 1498 to 1680 
mg per liter, from the printing process is 635 to 
763 mg per liter and from the washing process is 
1246 to 1456 mg per liter and a mixture of all the 
processes is 3926 to 4449 mg per liter which is 
much higher than the range given by government 
agencies (100 mg per liter), and therefore this 
water is not recommended for drinking or for 
the agricultural process. The COD Data of the 
collected wastewater is mentioned in Figure 5. The 
higher COD value shows the harmful condition of 
the water;32 therefore, the COD level should be 
reduced in the further treatment stages with the 
help of chemicals or biological agents.
 The ammoniacal nitrogen range of 
collected effluent from the bleaching process is 
42.1 to 49.4 mg per liter, from the mercerization 
Process is 34.2 to 39.4 mg per liter, from the 
printing process is 43.2 to 46.8 mg per liter, 
from the washing process is 36.4 to 44.6 mg per 
liter and a mixture of all the processes is 42.8 to 
49.4 mg per liter which is within the range set 
by the government agencies (50 mg per Liter) 
but due to other Parameter is not within the 
specified limits, this water can not be directly 
discharged into natural water bodies or use for 
agricultural purposes. Figure 6 represents the 
data of the ammonical Nitrogen of the selected  
wastewater. In dyeing and printing operations, 
auxiliary chemicals like ammonium salts like 
ammonium sulfate or ammonium chloride are 
frequently utilized. They may aid in improving the 
colors’ absorption and attachment onto the fabric 
fibers. Salts of ammonium function as mordants 
or dye helpers, enhancing colour fastness and 
dyeing efficiency.33 It’s important to keep in mind 

that the results seen will depend on the precise 
kind and quantity of ammonium salts utilised, as 
well as the application technique. Ammonium 
salts or any other compounds must be handled, 
dosed, and in accordance with all applicable 
environmental and safety requirements when 
used in the textile processing industry.34 It can be 
decreased chemically or biologically through the 
denitrification process. The biological procedure 
may be feasible and profitable because chemical 
treatment will result in an increase in the chemical 
loads in the effluent.

CONCLUSION
 
 In order to establish the impact of the 
textile sector on water pollution, wastewater was 
gathered and examined. The pH increases up to 
13.1, BOD is increasing up to 1840 mg/l, COD is 
increasing up to 4449 mg/l, TSS increased up to 
1189 mg/l, and TDS is increasing up to 21989 
mg/l, values of the textile wastewater significantly 
higher than the recommended maximum value. 
This is due to the high levels of organic compounds, 
including dyes, dye intermediates, surfactants, and 
other organic chemicals used in dyeing, printing, 
and finishing processes. The study’s findings 
highlight the current water quality of industrial 
effluents discharged into surface waters and their 
potential effects on human health and aquatic life. 
In order to reduce water pollution and promote 
ecological and economic development, it is 
necessary to enforce water quality regulations for 
businesses installing sewage treatment facilities 
and to create straightforward, affordable, and 
environmentally friendly treatment methods for 
textile effluent remediation.

Recommendations
 According to the study conducted, 
wastewater from the textile industry needs proper 
treatment before it can be safely discharged 
into water bodies. The industry should set up its  
independent wastewater treatment plants (ETP) 
and keep them running effectively to ensure water 
quality for future generations. A separate drainage 
system must be built to prevent industrial effluent 
from being discharged directly into water bodies. 
The landfills for industrial and municipal waste 
should be away from the residential areas of 
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the city. Strict implementation of environmental 
regulations is necessary. Overall, there is an urgent 
need to raise public awareness of the sources, 
extent and prevention of water pollution, and 
the impact of pollution on human health. The 
present study provides the basic data and the 
methodology for the assessment of various 
physico-chemical properties of textile wastewater. 
Regular monitoring should be carried out to check 
the increase in water pollution for sustainable 
development in the study area.
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