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Abstract
Urbanization and industrialization are generating huge quantities of untreated wastewater leading to increased water pollution 
and human diseases in India. The textile industry is one of the leading polluters of surface water and consumes about 200–270 
tons of water to produce 1 ton of textile product. The primary objective of the present study was to investigate the pollution 
potential of textile industry effluent draining into Buddha Nallah stream located in Ludhiana, Punjab (India), and determine 
the seasonal variation in physicochemical parameters (pH, water temperature, total dissolved solids, total suspended solids, 
biochemical oxygen demand (BOD) and chemical oxygen demand (COD) of Buddha Nallah water. During summer months, 
for Site 1 and Site 2, the value of pH was in the alkaline range of 8.78 ± 0.47 and 8.51 ± 0.41, respectively. The values of 
pH in the rainy season were found to be in the range of 7.38 ± 0.58 and 7.11 ± 0.59 for Site 1 and Site 2, respectively. In the 
autumn and winter seasons, the average pH values were found to be in the range of 8.58 ± 1.40 and 8.33 ± 0.970, respectively. 
The maximum mean temperature in summer was recorded as 41.16 ± 4.99 °C, and lowest mean temperature in winter was 
recorded as 39.25 ± 2.25 °C at Site 2. The suspended solids were found to be highest (143.5 ± 75.01 and 139.66 ± 71.87 mg/L) 
in autumn for both the sites and lowest (86.50 + 15.10 mg/L) in the rainy season for Site 1. The values of BOD and COD 
of the textile effluent of both sites during all the seasons ranged from 121–580 to 240–990 mg/L, respectively, much higher 
than WHO water quality standard of 30 mg/L for BOD and 250 mg/L for COD. The present study deals with the collection 
of textile industry effluent and its characterization to find out the physicochemical load being drained by the effluent gener-
ated from textile industries, on the natural wastewater streams.
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Introduction

Freshwater is the key to sustain life on earth. With the advent 
of human civilization, proliferating population, the indus-
trial revolution and rapid urbanization, aquatic assets are 
getting employed as dumping ground for industrial waste, 
sewage and domestic waste. There is no denial of the fact 
that nature has a fascinating endowment to confront small 
amount of wastewater and water pollution, but it would be 
venturesome if the huge amount of untreated wastewater 
gets discharged to natural water bodies. The receiving water 

bodies and drains carry precarious industrial effluents which 
affect the quality of water and aquatic ecosystem and human 
life (Singh et al. 2016; Mishra et al. 2016; Kumar et al. 2013, 
2014a, b, 2015a, b). The textile industry in India is one of 
the most important and most polluting industries in terms of 
consumption and generation of huge amounts of wastewa-
ter, fuel and diverse group of chemicals such as dyes (Asia 
et al. 2006; dos Santos et al. 2007; Verma et al. 2012). It is 
reported that more than 8000 synthetic chemical products 
are associated with different processing steps of dye (Bha-
tia et al. 2017). There are approximately 10,000 chemical-
based dyes found in nature with a global annual production 
of almost 7 × 105 metric tons (Khataee and Kasiri 2010). 
To operate different processes such as resizing, scouring, 
bleaching, dyeing and printing of fabric, a vast amount of 
water is used and waste is generated (Ghaly et al. 2014). 
The main issue of effluent from textile industries with envi-
ronmental problems is the elevation of biochemical oxygen 
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demand (BOD), chemical oxygen demand (COD), pH, 
suspended solids in water bodies (Wang et al. 2011). The 
treatment of textile effluent prior to its release into water 
bodies is must as pollution traits such as solids, oils, metal 
complexes, high organics, complex synthetic dyes and resi-
dues from various pre-processing steps for fabric prepara-
tion and colouring have far-reaching environmental ramifica-
tion. Thus, the pollution caused by the textile effluents has 
become a critical concern because it poses a serious threat 
to the environment and human health (Sarker et al. 2015).

The major aesthetic problem of the textile effluent is col-
our, due to voluminous use of synthetic organic compounds 
as dyes. Chromophores, having an azo bond (–N=N–), may 
be mono-azo, di-azo, and poly-azo; –C=O; –N=O, etc., are 
responsible for colouring properties of dyes (Chaube et al. 
2010). The remittance of untreated textile effluent including 
liquid, gaseous and solid wastes leads to severe environmen-
tal problems, affecting the aquatic ecosystem by reducing 
the penetration of sunlight and thus by decreasing the rate 
of photosynthesis and increasing biological oxygen demand 
(Kant 2012; Singh et al. 2015). The natural stream of water, 
in turn, leads to a fatal effect on fishes and suppresses the 
growth of microorganisms (Puvaneswari et al. 2006).

The effluent discharged from the textile industries is of 
great environmental concern since it reduces the oxygen con-
centration in water due to the presence of hydrosulfide group 
compounds. Also, it blocks the passage of light through the 
water body and is detrimental to the water ecosystem (Khan 
and Malik 2014). Textile effluent is a cause of human ill-
nesses. About 40% of textile dyes contain organically bound 
chlorine, which is a known carcinogen. Chemicals evaporate 
into the air and get absorbed by our skin and cause allergic 
reactions to children before birth. Due to this chemical pol-
lution, the normal functioning of cells is interrupted. This 
may cause an alteration in the physiology and biochemical 
mechanisms of animals, resulting in impairment of impor-
tant functions like respiration, osmoregulation, reproduc-
tion and even mortality (Rawat et al. 2016). Heavy metals, 
present in textile dyes as a chromophoric group, are not 
biodegradable; hence, they accumulate in primary organs 
in the body and lead to various symptoms of diseases (Dadi 
et al. 2017). Thus, untreated or incompletely treated textile 
effluent can be harmful to both aquatic and terrestrial life 
by adversely affecting the natural ecosystem and causing 
long-term health effects (Chung 2016).

Many bioassays have been used to monitor and assess the 
toxicity of wastewater from domestic and various industries 
(Hader 2018). The efficiency of wastewater effluent treat-
ment plants can be determined by monitoring the water 
samples from the inlet and after each treatment step (physi-
cal, chemical and biological), as well as from the outlet of 
the plant. Microbial degradation is generally considered as 
a safe, cost-effective and reliable technique for pesticides 

elimination from the environmental compartments (Singh 
et al. 2017a, b; Mishra et al. 2016; Kumar et al. 2017). Abbas 
et al. (2018) and Iqbal (2016) discussed the use of Vibrio 
fischeri bioluminescence inhibition bioassay (VFBIA) and 
Vicia faba bioassay, respectively, for monitoring of toxicity 
of wastewater due to its sensitivity and ease of operation. 
Textile wastewater has been studied by using V. faba bioas-
say to detect the contaminant load (Giorgetti et al. 2011). 
They reported that raw textile effluents showed higher cyto-
genic and mutagenic effects as well in comparison to treated 
effluents. The risk assessment of textile industrial areas of 
Faisalabad city was studied by Noreen et al. (2017). They 
used various bioassays, viz. cytotoxicity assay (haemolytic 
and brine shrimp assays), to monitor the ecological risk of 
the contaminated area. The main contributing sources and 
type of operations that generate SOx emissions from petro-
leum industry have been reviewed by Jafarinejad (2016). 
These studies have found that sulphur compounds are a 
major precursor of acid rain. The quality of groundwater 
has also been assessed for vulnerability potential to dump-
site pollution using a modified DRASTIC (DRALTC) model 
(Majolagbe et al. 2016; Majolagbe et al. 2017). This study 
demonstrated that a DRASTIC model is a good tool in envi-
ronmental management and sustainability. The mathematical 
model equation has also been developed by Ukpaka (2016) 
to predict the fate of contaminant in the environment and 
quality of groundwater. The polynomial curve was estab-
lished to ascertain the validity of a model equation. Studies 
to analyse different pollution parameters of the main chan-
nels of wastewater collecting tributaries and various water 
streams are utmost required. Analysis of wastewaters on 
the basis of physical, chemical and biological parameters is 
needed for the investigation of pollution potential and thus to 
embrace the necessary treatment options. Keeping in mind, 
the present study has been conducted to assess the qual-
ity of the effluent of selected textile industries of Ludhiana, 
which are located in the vicinity of Buddha Nallah, Ludhi-
ana, India. Effluents being discharged from textile units of 
Ludhiana are the major sources of pollution at the receiving 
drain of Buddha Nallah. Through this study, an attempt has 
been made to determine pollution of this local drain.

Materials and methods

Glassware and chemicals

All glassware used during the course of experiments was 
of “A” grade calibrated quality (Borosil India, New Delhi, 
India), and chemicals were of analytical reagent (AR) grade 
(Loba Chemie, Mumbai, India). Double distilled water was 
used throughout the experimental work.
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Study area

Punjab is one of the arable and leading states in India, with 
a highly developed agriculture system, well-equipped infra-
structure and a high human development index with indus-
trious, painstaking and entrepreneur skills. It accounts for 
almost 1.53% of India’s geographical area and 2.37% of its 
population. It represents a unique example of a fast devel-
oping economy based on agriculture. Ludhiana, the hub of 
hosiery, the metropolitan centre of Punjab, has emerged as 
the most vibrant and important business centre. Positioned 
at 30°56′N and 75°52′E, Ludhiana is located about 10 km 
south of the Sutlej, one of the five major rivers of pre-inde-
pendent Punjab. The Sutlej river and its tributary, a peren-
nial stream, the Buddha Nallah originates near Chamkaur 
Sahib in Ropar district and enters Ludhiana city near village 
Bholapur. The Buddha Nallah drain flows through the city 
and is flooding stream during the monsoon season, which 
carries the domestic and industrial sewage of the city, finally 
merges into Sutlej River. The month of July is considered 
as the wettest month with an average of 90.8 mm of rainfall 
compared to the month of November, driest weather with 
an average of 0.0 mm of rainfall. This was concluded by 
analysing seasonal data recorded by Climate Change and 
Agricultural Meteorology Department, Punjab Agricultural 
University, Ludhiana.

Sampling

Wastewater samples were collected in the morning hours 
between 7 and 9 am twice a month from April 2014 to 
2015. Samples were taken on a monthly basis, i.e. a total 
of 48 times during the period of investigation. For each 
major season representing rainy monsoon, summer, autumn 
and winter, 48 samples were collected on fixed dates with 
suitable intervals (15 days) from two different textile dye-
ing industries, viz. Site 1 and Site 2 located on Tajpur and 
Bahadur Ke Road, Ludhiana, India (Fig. 1). The month-wise 
rainfall data in mm were collected from Climate Change and 
Agricultural Meteorology Department, Punjab Agricultural 
University, Ludhiana. Wastewater was collected in sterilized 
glass bottles labelled with sample code and transported to 
the laboratory in an ice box. Collected wastewater samples 
were kept cool, at 4 °C, but not frozen.

Analysis of physicochemical parameters of water 
samples

After sampling, the analysis was started immediately in the 
laboratory. The standard methods recommended by APHA 
(2005) and Trivedy and Goel (1984) were employed for 
the determination of various physicochemical parameters 
like pH, temperature, total dissolved solids (TDS), total 

suspended solids (TSS), biochemical oxygen demand (BOD) 
and chemical oxygen demand (COD). pH of the effluent 
samples was determined by the electrometric method by 
using a digital desktop, pH meter (Systronics-335). The tem-
perature was determined by glass thermometer. Similarly, 
TDS and TSS were analysed by the gravimetric method 
by using evaporating dishes and Whatman filter paper no. 
1 having pore size 11 µm. The COD test and BOD5 were 
analysed by modified Winkler’s method in 300-mL BOD 
bottles.

Statistical analysis

In order to identify the relationship among different phys-
icochemical parameters, the data were pooled for four sea-
sons: rainy monsoon season (June 2014–August 2014), 
autumn season (September 2014–November 2014), win-
ter season (December 2014–February 2015) and summer 
season (March 2015–May 2015), respectively. An average 
of 48 analytical values of each sampling with respect to 
selected parameters in a particular season has been taken 
as observed value. The observed values have been taken for 
subsequent statistical analysis and interpretation. The differ-
ences between the physicochemical parameters for both the 
sites were evaluated by Student’s unpaired t test. Statistical 
analysis was done with the help of IBM SPSS version 16.0 
(Chicago, USA) computer software programs. The exper-
imental data are presented as mean ± SD of the replicate 
experiment at *p ≤ 0.05.

Results

Discharge of treated and untreated effluents by the textile 
industries disturbs the environmental integrity of this region. 
Two textile dyeing industries nominated as Site 1 and Site 2 
have been selected that is located in the vicinity of Buddha 
Nallah drain, Tajpur Road and Bahadur Ke Road, Ludhi-
ana, to perform the objective of the study. The results of 
the physicochemical properties of effluent collected from 
the two selected sites are given in Table 1. The mean and 
standard deviation of seasonal variation of physicochemical 
parameters, such as pH, temperature, TDS, BOD, COD and 
TSS, were investigated from two selected sites of Ludhiana 
for the year 2014–2015 (Tables 2, 3).

The pH of the collected textile effluent sample from 
selected sites was analysed and found in the range between 
6.1 and 10.7, respectively, against the standard of WHO 
and IS 10500:1991, i.e. 6.5–8.5. Figure 2 shows the mean 
seasonal variation of pH of two sites along with the mean 
season rainfall. Seasonal analysis of effluents showed vari-
ation in the values of pH for different textile effluents. For 
Site 1, in the summer season, the value of pH was in the 
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alkaline range of 8.78 ± 0.470 (p < 0.05) which is highly 
significant with similar trends for Site 2, in the range of 
8.51 ± 0.411. The values of pH in the rainy season for Site 
1 were found to be in the range of 7.38 ± 0.583 as com-
pared to the pH of the effluent coming from Site 2, i.e. 
7.11 ± 0.598 which shows the non-significant difference. 
Effluent from Site 1, in autumn and winter season, showed 
alkaline values of pH in the range of 8.58 ± 1.40 and 
8.33 ± 0.970, respectively. Similar results were obtained 
after the analysis of effluent of Site 2. The important 
parameter which affects many chemical and biological 
processes occurring in water is temperature. The effect 
of temperature is related to season and sampling time. In 
the present investigation, variation in values of water tem-
perature was observed. The maximum mean temperature 
was recorded in summer, i.e. 41.16 ± 4.99 °C, and lowest 
mean temperature in winter, i.e. 39.25 ± 2.25 °C at Site 

2 in contrary, and the maximum mean temperature was 
recorded in the rainy season and minimum in autumn, i.e. 
40.83 ± 2.42 and 37.66 ± 2.58 °C, respectively. Figure 3 
shows the mean seasonal variation of the temperature of 
two sites along with the mean season rainfall. The water 
temperature of industries was studied between two sea-
sons, rainy and winter. During the rainy monsoon season, 
the highest temperature of 45.1 °C was observed. Highly 
significant seasonal fluctuations in the values of dissolved 
solids have been observed. The mean value of TDS was 
highest in autumn 2783 ± 321.26 mg/L (p < 0.05) signifi-
cantly different, and lowest is 1456 ± 153.06 mg/L in win-
ter for the effluent collected from Site 1. Similar trends 
were observed in the effluent of Site 2, the maximum 
value of TDS in autumn, i.e. 2678 ± 346.68 mg/L which 
is highly significant (p < 0.05), and minimum in winter 
season, i.e. 1463.8 ± 164.22 mg/L; 1618.5 ± 180.03 mg/L 

Fig. 1   The map of Ludhiana 
showing the sampling sites (Site 
1 and Site 2, shown in red) on 
Buddha Nallah drain
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in summer and 1783.1 ± 290.37 mg/L in rainy monsoon 
(Fig. 4). Overall, the TDS values were higher in autumn 
and monsoon, while within the desirable limits of WHO 
in winter. In the present investigation, the value of sus-
pended solids was recorded in autumn for two industries, 
i.e. 143.5 ± 75.01 and 139.66 ± 71.87  mg/L, respec-
tively, which is more than the permissible limit given by 

WHO, and minimum were recorded in rainy season, i.e. 
86.50 ± 15.10 mg/L for Site 1 and 84 ± 27.59 mg/L for 
Site 2 in summer. Figure 5 shows us the season variation 
of TSS. BOD indicates the presence of organic impuri-
ties in the effluent. Figure 6 clearly shows us that the val-
ues for BOD of the effluent of two sites are more than 
the permissible limits set by WHO. In the present study, 

Table 2   Seasonal fluctuations in physicochemical parameters at Site 1 from June 2014 to May 2015

*p < 0.05 (highly significant)

Parameters WHO 
standard

Summer (mean ± SD) Rainy monsoon (mean ± SD) Autumn (mean ± SD) Winter (mean ± SD)

Site 1 p value (two 
tailed)

Site 1 p value 
(two 
tailed)

Site 1 p value (two 
tailed)

Site 1 p value (two 
tailed)

pH 6.5–8.5 8.78 ± 0.470 0.024* 7.38 ± 0.487 0.810 8.58 ± 1.40 0.165 8.33 ± 0.970 0.190
Total 

suspended 
solids 
(mg/L)

100 mg/L 86.83 ± 27.58 0.026* 86.50 ± 15.10 0.053 143.5 ± 75.01 0.185 107.8 ± 39.76 0.63

Total dis-
solved 
solids 
(mg/L)

2000 mg/L 1627.8 ± 171.58 0.000* 1796.5 ± 299.55 0.120 2783.7 ± 321.26 0.00* 1456.3 ± 153.06 5.60E0 − 6*

Chemical 
oxygen 
demand 
(mg/L)

250 mg/L 466.67 ± 78.20 0.00004* 317.67 ± 58.10 0.010* 545.33 ± 204.80 0.00* 810.67 ± 126.31 7.35E−07*

Biological 
oxygen 
demand 
(mg/L)

30 mg/L 170.83 ± 96 7.87E−07* 216.83 ± 107.78 0.000* 361.67 ± 130.44 9.78E−05* 240.83 ± 87.37 0.000*

Water tem-
perature 
(°C)

Not exceed 
40 °C

40.16 ± 3.43 0.907 40.83 ± 2.42 0.419 37.66 ± 2.58 0.051 39.91 ± 1.74 0.901

Table 3   Seasonal fluctuations in physicochemical parameters at Site 2 from June 2014 to May 2015

*p < 0.05 (highly significant)

Parameters WHO 
standard

Summer (mean ± SD) Rainy monsoon (mean ± SD) Autumn (mean ± SD) Winter (mean ± SD)

Site 2 p value (two 
tailed)

Site 2 p value 
(two 
tailed)

Site 2 p value 
(two 
tailed)

Site 2 p value (two tailed)

pH 6.5–8.5 8.51 ± 0.411 0.059 7.11 ± 0.598 0.469 8.43 ± 1.31 0.210 8.21 ± 0.88 0.240
Total sus-

pended 
solids 
(mg/L)

100 mg/L 84.00 ± 25.79 0.159 84.66 ± 13.80 0.021* 139.66 ± 71.87 0.206 101.5 ± 36.07 0.920

Total dis-
solved 
solids 
(mg/L)

2000 mg/L 1618.5 ± 180.03 0.000* 1783.1 ± 290.37 0.097 2678 ± 346.68 0.000* 1463.8 ± 164.22 1.18137E−05*

Chemical 
oxygen 
demand 
(mg/L)

250 mg/L 457.16 ± 75.72 5.35578E−05* 302.5 ± 52.70 0.034* 521.16 ± 202.90 0.008* 809.16 ± 86.39 2.05E−08*

Biological 
oxygen 
demand 
(mg/L)

30 mg/L 152.83 ± 34.04 4.88E−06* 208.16 ± 94.33 0.000* 341.66 ± 123.84 0.000* 225 ± 78.54 0.000*

Water tem-
perature 
(°C)

Not exceed 
40 °C

41.16 ± 4.99 0.579 39.41 ± 4.51 0.751 34.91 ± 2.57 0.000* 39.25 ± 2.25 0.909
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the highest value for BOD was observed in autumn, i.e. 
361.67 ± 130.44 mg/L for Site 1 and 341.6 ± 123.84 mg/L 
for Site 2 which is highly significant (p < 0.05). The 
WHO has set the limit of 250 mg/L for COD. Our study 
reveals, for both the site, COD value is greater than of 
permissible limit. The seasonal variation of COD can be 
clearly seen in Fig. 7. The maximum value for COD was 
observed in winter, i.e. 810.67 ± 126.31 mg/L for Site 1 
and 809.16 ± 86.39 mg/L for Site 2 which is highly sig-
nificant (p < 0.05). The effluents of the rainy season show 
COD value as high as 900 mg/L, which may be due to 
high mineral content in surface runoff generated by the 
monsoon.

Discussion

High pH values in wastewater effluents may increase the 
chance of solubilization of main essential elements if 
released in natural water bodies and furthermore affects the 
aquatic life (Younas et al. 2017). Among the investigated 
textile effluent samples, the pH values were found in the 
range of 6.0–10.75. The effluent of selected dyeing mills 
is slightly alkaline in nature due to the presence of scour-
ing and bleaching agents and due to chemicals sodium 
hypochlorite, sodium hydroxide, various surfactants and 
sodium phosphate used in mercerizing of the fabric (Paul 

Fig. 2   Average seasonal varia-
tions of pH at different seasons 
of Site 1 and Site 2 Ludhiana, 
Punjab (April 2014–2015)
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Fig. 3   Average seasonal vari-
ations of water temperature at 
different seasons of Site 1 and 
Site 2 Ludhiana, Punjab (April 
2014–2015)
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et al. 2012). Earlier similar kinds of results were obtained in 
textile effluents (Ramamurthy et al. 2011). pH higher than 
the observed range has also been reported (Desai and Kore 
2011). Similar observations were also reported by Tiwari 
and Chauhan (2006). The low pH value, witnessed in the 
rainy season due to the accumulation of free carbon dioxide 
and rate of respiration of organisms, was increased due to 
the rise in temperature. An opposite trend between pH and 
CO2 has also been reported by Jindal and Rumana (2000) for 
Yamuna River. Indian rivers polluted with industrial efflu-
ents have been found to have alkaline or acidic pH (Guru-
mayum et al. 2002). This was also found to be true for river 
Sutlej. An earlier study conducted by Ukpaka and Ukpaka 
(2016) ascertained acidic pH (less than 6.5) in groundwa-
ter collected from Port Harcourt area, Nigeria, in the dry 
season.

If the temperature of effluents being discharged from 
industries is high, then it will ultimately affect the proper-
ties of land as well as receiving water body (Kolhe et al. 
2009). The temperature may exert great control over aquatic 
life. With the increase in temperature, the rate of biologi-
cal activity get altered; likewise, the solubility of oxygen 
and other gases will be decreased leading harmful effects 
on the aquatic community (Perlman 2013). The results are 
in accordance with the study conducted by Munnaf et al. 
(2014). In the present work with increasing water tempera-
ture, the concentration of dissolved oxygen decreases, and 
the similar findings were also reported by Mathur et al. 
(2007) and Pradip et al. (2012).

Total dissolved solids signify the presence of total content 
of inorganic (Ca2+, Mg2+, K+, Na+, HCO3

−, Cl−, SO4
2−) and 

organic matter present in the form of a suspension in water 

Fig. 4   Average seasonal vari-
ations of total dissolved solids 
(TDS) at different seasons of 
Site 1 and Site 2 Ludhiana, 
Punjab (April 2014–2015)
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Fig. 5   Average seasonal varia-
tions of total suspended solids 
(TSS) at different seasons of 
Site 1 and Site 2 Ludhiana, 
Punjab (April 2014–2015)
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(Lokhande et al. 2011). TDS is the amount of dissolved 
solids in the wastewater which includes but not limited to 
the salts. The TDS is proportionally related to the salin-
ity and conductivity of water. The measurement of solids 
is a very significant parameter if the water is being used for 
drinking purposes. The higher value of TDS illustrates the 
high rate of mineralization in water. According to the WHO 
standard, the limit for TDS is 500 mg/L and maximum limit 
is 2000 mg/L (Maruthi et al. 2004). TDS values higher in 
autumn and monsoon, while within the desirable limits of 
WHO in winter, are in support of the study conducted by 
Gurumayum et al. (2002). Higher values of TDS in the range 
of 2264–7072 mg/L in the textile effluent have been reported 
by Paul et al. (2012). Also, the high values of suspended 

solids correspond to the use of different kind of synthetic 
dyes (Mohabansi et al. 2011).

The earlier similar study has been conducted on Godavari 
River flowing little downstream from Nanded, Maharashtra, 
by Srinivasrao et al. (2007), and similar trends for TDS have 
been observed due to factors such as rainfall, which causes 
changes into ionic concentration and nature of the deposits 
present at the bottom. If the value of dissolved solids is high, 
it will cause salinity problem when discharged untreated to 
the irrigation water column (Kolhe and Pawar 2011). The 
excessive levels of TSS in water bodies can have significant 
detrimental impacts on the physical, chemical and biologi-
cal properties of the water body (Bilotta and Brazier 2008). 
If this type of effluent is used for irrigation purposes, it will 

Fig. 6   Average seasonal 
variations of biological oxygen 
demand (BOD) at different sea-
sons of Site 1 and Site 2 Ludhi-
ana, Punjab (April 2014–2015)
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Fig. 7   Average seasonal 
variations of chemical oxygen 
demand (COD) at different sea-
sons of Site 1 and Site 2 Ludhi-
ana, Punjab (April 2014–2015)
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result in clogging of pores of soil and loss in productivity of 
soil (Kant 2012). Nirgude et al. 2013 reported similar find-
ings for BOD values of textile effluent from Vapi Industrial 
Area, Gujarat, in the range of 90–678 mg/L.

Singh et al. (2013) conducted a similar study on textile 
industry of Ludhiana, collected effluent from 7 different dye-
ing mills and reported very high values of BOD and COD, 
i.e. 108–790 and 195–3050 mg/L, respectively. High level of 
chemical oxygen demands indicates noxious conditions and 
presence of resistant organic impurities (Kumar et al. 2001; 
Rafeeq and Khan 2002).

Conclusion

The effluents from two different textile industries of Ludhi-
ana, Punjab, India, were collected and analysed to determine 
the impact on the textile industry on water pollution. The 
water quality parameters like BOD, COD, TSS and TDS of 
textile effluent were found to be significantly higher than 
the maximum permissible limit prescribed by WHO. The 
results of this study clearly show that textile industry in 
Punjab, India, is polluting the local surface water bodies. 
Therefore, there is a need to develop simple, cost-effective 
and eco-friendly treatment systems for the remediation of 
textile effluents to minimize water pollution for sustainable 
environmental and economic development.

Recommendations

1.	 The concentrations of various physiochemical parame-
ters of the textile industry effluents were determined and 
were found to be much higher than WHO water quality 
standards. Therefore, it shows the water quality status of 
industry effluents that is being discharged surface water 
bodies and its potential impacts on human diseases and 
aquatic life in water bodies.

	   This study clearly indicates that surface water/ground-
water of local drain (Buddha Nallah) is getting contami-
nated slowly due to rapid industrialization. Therefore, 
it is necessary to enforce water quality regulations for 
industries setting up effluent treatment plants.

2.	 Proper treatment of textile industry effluents is needed 
before their safe disposal into water bodies.

3.	 Industries should be set up their independent effluent 
treatment plants (ETP) and should remain effectively 
operational in order to safeguard the quality of water for 
future generations.

4.	 Separate drainage system must be constructed to prevent 
direct discharge of industrial effluents into water bodies.

5.	 The disposal sites for industrial and urban wastes should 
be away from the residential areas in the city.

6.	 Strict implementation of environmental regulations is 
necessary.

Overall, there is urgent need to generate public awareness 
of the sources, extent and prevention of water pollution, and 
also the consequences of the impact of pollution on human 
health. The present study provides the baseline data and 
methodology for the assessment of various physicochemi-
cal characteristics of textile effluents. Periodical monitoring 
should be carried out to check the rise in water pollution for 
sustainable development in the study area.
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