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ABSTRACT 
Water pollution due to industrial processes has attained serious dimensions in India. Both, the 
quality and quantity of ground water is severely threatened by industrial sewage. The textile and 
dyeing industries discharge a variety of chemicals, dyes, acids and alkalis besides heavy metals 
and other toxic compounds. An assessment of physico-chemical characteristics of ground water 
as well as surface water samples were taken from different locations around industrial area of 
Pali city in Rajasthan . The study revealed that the groundwater samples has shown alkaline 
nature and chemical parameters – COD, BOD, total dissolve solids electrical conductivity, 
chloride and Cr have exceeded the maximum discharge limits laid down by Bureau of Indian 
Standards , rendering wells in the area unfit for drinking and even for irrigation. The soil in this 
area has also become hard and infertile. 
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INTRODUCTION 
Industrialization is believed to cause inevitable 
problems, such as pollution of air, water and 
soil. Water pollution due to industrial 
processes has attained serious dimensions in 
India. Both, the quality and quantity of ground 
water is severely threatened by industrial 
sewage. Among the industries, textile industry 
plays a major role in modern civilization. A 
large number of textile and dyeing units are 
coming up in the Great Indian Desert which is 
not conducive to the ecosystem of the region.1 
Textile mill operations consist of weaving, 
dyeing, printing and finishing. Many processes 
involve several steps, each contributing a 
particular type of waste, which may invite 
many diseases, both occupational and general 
and consequently escalating the economic cost. 
Textile industry has long been known to pose 
health risks causing respiratory diseases      
from   cotton   dust exposure and noise induced 
hearing loss.  Dyeing  is a combined process of  

bleaching and colouring, which generates 
voluminous quantities of wastewaters and in 
turn causes environmental degradation. The 
effluents consist of high concentrations of dye 
stuff, BOD, COD , TDS , sodium, chloride, 
sulphate, hardness, heavy metals and 
carcinogenic dye ingredients.  
Many studies were carried out on the effluent 
pollution around Industrial Area2 and also on 
water pollution hazards using textile industrial 
effluent on laboratory animals and found 
alarming results.3-5  
Textile and dyeing industries generates a 
voluminous amount of effluents which 
contains a large amount of toxic chemicals 
including heavy metals. Heavy metals are very 
harmful because of their non-biodegradable 
nature, long biological half lives and their 
potential to accumulate in different body parts. 
Most of the heavy metals are extremely toxic 
because of their solubility in water. Even low 
concentrations of heavy metals have damaging 
effects to man and animals because there is no 
good mechanism for their elimination from the  *Author for correspondence 
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body. Excessive accumulation of heavy metals 
in agricultural soils not only results in soil 
contamination, but also affects food quality 
and safety. 
Over the last several years, water quality in 
urban locale and villages adjoining dyeing 
industrial areas has deteriorated owing to 
effluent inflow into land and water bodies.  
The above situation can be well depicted in the 
western Rajasthan, in India, on both sides of 
river Bandi (located in Pali) that is considered 
as the life line of people living there. It houses 
a number of industries (textile and dyeing) that 
have been a phenomenal growth during last 
two decades. 
Pali is one of the critically polluted areas 
identified by the Central Pollution Control 
Board in 1998. The industries here discharge a 
variety of chemicals, dyes, acids and alkalis 
besides heavy metals and other toxic 
compounds. Textile dyes are toxic, highly 
stable and do not degrade easily and are not 
removed by conventional wastewater treatment 
methods. 
Consequently, the water quality is seriously 
affected which is far lower in comparison to 
the international standards. Waste water from 
manufacturing or chemical processing 
industries contributes to water pollution.  It is 
found that one-third of the total water pollution 
comes in the form of effluent discharge, solid 
wastes and other hazardous wastes. The 
surface water is the main source of industries 
for waste disposal.  Although all industries in 
India function under the strict guidelines of the 
Central Pollution Control Board (CPCB) but 
still the environmental situation is far from 
satisfactory. Many studies were carried out in 
order to assess the impact of textile dyeing 
effluents on the surface water quality.6,7 Most 
major industries have treatment facilities for 
industrial effluents. But this is not the case 
with small scale industries, which cannot 
afford enormous investments in pollution 
control equipment as their profit margin is very 
slender. As a result in India there are sufficient 
evidences available related with mismanage-
ment of industrial wastes .8, 9 
Consequently, at the end of each time period 
the pollution problem takes menacing concern. 

The problem of water pollution has become 
still worse due to toxic heavy metals.10-13 The 
present day by day increasing tremendous 
industrial pollution14-18 has prompted us to 
carry the systematic and detail study of extent 
of pollution due to toxic heavy metals in water 
samples collected from Pali Industrial area 
which is considered as one of the major 
polluted belt in Western Rajasthan, India.  

AIMS AND OBJECTIVES 
1. To analyse the physico-chemical parameters 

of surface and ground water samples of 
Bandi  River and Pali dyeing and printing 
industrial area. 

2. To measure the levels of heavy metal 
concentration in water samples from 
industrial area and Bandi river. 

3. To compare the physico-chemical 
parameters of surface and ground water 
samples collected from river Bandi and Pali 
industrial area. 

MATERIAL AND METHODS 
Study area 
Pali an important district of Rajasthan, having 
a population of 20,37,573 people (Census 
2011). It is situated about 70 kms from 
Jodhpur. The district lies between 24050’ and 
26075’ North Latitude and 72048’ and 74020’ 
East Longitude. It is situated on the banks of 
river Bandi. The total area of this town is about 
12,387 sq. kms. There are around 989 dyeing 
and printing units, most of which discharge 
their untreated textile effluents, directly into 
river Bandi. Considerable amounts of dyes 
have been noticed in these textile wastewaters, 
due to their incomplete use and washing 
operations. The names of the sampling sites 
from where the samples were collected are 
mentioned below (Table 1). 
Collection of samples 
Twelve representative groundwater and surface 
water sampling sites were demarcated and water 
samples were collected from the following sites. 
From each sampling site triplicate water samples 
were collected in one litre double cap acid 
washed plastic bottles. Prior to sampling each 
bottle was washed with diluted acid and double 
distilled water and before actual sampling these 
bottles were rinsed with sample water. 
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Sample prepration    
The samples were analysed for the 
parameters  pH, electrical conductivity, total 
dissolved solids (TDS), dissolved oxygen 
(DO),  COD, BOD , chloride(Cl), heavy 
metal like chromium (Cr) by standard 

analytic methods (APHA, 1995).  For heavy 
metal ion analysis wastewater samples were 
filtered by Whatman filter paper no 40 and 
then acidified with Ar HNO3 (0.1%). Metal 
ions were determined by Atomic Absorption 
Spectrophotometer.

Table 1 : Sampling stations with names 

S/N Name of sampling sites S/N Name of sampling sites 
R1 Mahabali  industries R7 Gopal textiles 
R2 Tulsi cotton R8 Mahaveer fabs 
R3 Vinod fabrics R9 Pali shree 
R4 Mahadev trading company R10 Mahalaxmi fabrics 
R5 Rajaram textiles R11 Mahabali sales corporation 
R6 Parvati dyeing  R12 Piyush interprises 

RESULTS AND DISCUSSION  
The observed physico-chemical properties and 
heavy metal contents of surface and ground 
water samples from Bandi river and industrial 
area given in Table 1 and Table 2. The pH of 
the water samples from Bandi River and from 
industrial area is found to vary between 
12.7(site 11) to 9.0(site 10) and that of ground 
water was found to be in range of 11.5(site 5) 
to 8.5(site 3 and 7) which is more than the 
permissible limits prescribed by WHO and 
Indian Bureau Standards which is making the 
water unfit for drinking and irrigation purposes 
(Fig. 1).The EC of effluent flowing in the river 
bed is highly saline, EC values were found      
to  vary  in  the  range 3.5(site 6) to 0.23(dS/m)  

(site 1) and that of ground water 1.52(site 6) to 
0.12 (site 1) (dS/m) rendering the surrounding 
soil and water saline(Fig. 2).  Total dissolved 
solids in surface water samples were found in 
range of 1450 ( site 11) to 660 mg/l(site 6) and 
in ground water was 2087mg/l(site 8) to 
513mg/l (site 9) is not found to fall within the 
safer limit of drinking water quality (Fig. 3).In 
most of the water samples DO was not found, 
maximum value of DO in surface water sample 
was 2.2mg/l (site11) and in ground water was 
4.3(site 4). The surface water requires a 
desirable level of O2 for its natural 
purification.The values of dissolved oxygen in 
the samples collected look towards lower side 
which is not a good indicator (Fig. 4).  

Table 2 : Physico-chemical properties and heavy metal content of surface water samples 
from Bandi river and industrial area 

Sampling 
site pH EC(dS/m) TDS 

(mg/l) 
DO 

(mg/l) 
COD 
(mg/l) 

BOD 
(mg/l) 

Chloride 
(gm/l) 

Chromium 
(ppm) 

R1 9.8 0.23 760 1.0 200 2.2 489 6.6 
R2 11.5 1.34 960 Nil 424 4.0 899 7.0 
R3 10 0.87 845 2.08 280 3.0 939 5.43 
R4 10.8 2.56 903 Nil 330 2.0 553 4.5 
R5 11.1 0.79 1020 Nil 100 4.1 786 7.7 
R6 9.8 3.5 660 1.5 300 2.0 897 3.35 
R7 12 0.54 1250 1.12 500 3.8 746 7.01 
R8 10.9 1.09 870 Nil 400 2.4 980 5.32 
R9 11.7 0.35 1350 Nil 249 4.0 1020 7.32 
R10 9.0 1.87 1140 Nil 100 1.9 Nil 3.5 
R11 12.7 0.98 1450 2.2 430 3.3 1149 8.32 
R12 11.2 3.2 990 Nil 360 4.5 875 6.76 
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Table 3 :  Physico-chemical properties and metal content in ground water samples from the 
Pali industrial area 

Sampling 
Site pH EC(dS/m) TDS 

(mg/l) 
DO 

(mg/l) 
COD 
(mg/l) 

BOD 
(mg/l) 

Chloride 
(gm/l) 

Chromium 
(ppm) 

R1 9 0.12 1222 2.7 200 3 568 5.6 
R2 10.5 0.33 715 Nil 340 3 874 3.0 
R3 8.5 0.27 1495 3.4 260 4 600 7.28 
R4 9.6 0.35 624 4.3 400 2 670 4.50 
R5 11.5 0.28 1424 2.4 450 3 800 4.0 
R6 10.2 1.52 611 Nil 210 6 680 5.0 
R7 8.5 0.35 1385 Nil 220 2 720 2.47 
R8 9.8 0.42 2087 3.0 320 5 879 2.8 
R9 10.5 0.65 513 3.8 270 3 860 5.58 
R10 11.2 0.45 1242 2.8 300 4 657 6.0 
R11 10.2 0.62 1918 3.4 380 2 854 2.5 
R12 9.5 0.23 781 Nil 400 3 780 3.6 

 

 
Fig. 1 : pH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Electrical conductivity 
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Fig. 3 : Total dissolved solids(TDS) 

 
Fig. 4 : Dissolved Oxygen(DO) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Chemical Oxygen Demand (COD) 
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Fig. 6 : Biological Oxygen Demand (BOD) 

 
Fig. 7 : Chloride concentration  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 : Chromium concentration 
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Maximum value of COD was found to be 
500mg/l (site 7) and Minimum value was 
100mg/l (site 5) in surface water and in ground 
water it was 450 mg/l (site 5) to 200 mg/l 
(site1) (Fig. 5). BOD values of surface water 
were found in range of 4.5mg/l (site 12) to1.9 
mg/l (site10) and that of ground water were 
found to be in range of 6 to 2 mg/l (Fig.6). 
Higher levels of COD and BOD are indicating 
a strong evidence of biological pollution in 
surface as well as in ground water. Chloride 
content value ranged between 1149 to 489 
gm/l in surface water and 879 to 568 gm/l in 
ground water which is far beyond the 
permissible limits (Fig.7). Chromium 
concentration was found to be maximum 
8.32ppm (site 11) in surface water and 7.28 
ppm (site 3) in groundwater which is not 
within limits of Indian Standards(Fig.8). As 
these heavy metals are non-biodegradable in 
nature,  have long biological half lives and 
their potential to accumulate in different body 
parts, therefore even their low concentrations 
is also harmful and have damaging effects to 
man and animals because there is no good 
mechanism for their elimination from the 
body.  

CONCLUSION 
Around the world as countries are struggling to 
arrive at an effective regulatory regime to 
control the discharge of industrial effluents 
into their ecosystems, Indian economy holds a 
double edged sword of economic growth and 
ecosystem collapse. The present experimental 
data indicates high level of pollution along Pali 
Industrial area, Pali City , Rajasthan. The 
result of chemical analysis of river water and 
ground water shows a rising trend in the 
concentration of Physico-chemical parameters. 
The analysis of water samples reveals that the 
water in most of the samples is not suitable for 
both domestic and irrigation purposes. The 
study clearly indicates that: 
•  Most of the parameters under taken to assess   
the water quality are exceeding the 
permissible limit. The higher concentrations 
of ions and heavy metals  is making the 
ground water and surface water of the study 
area  saline and alkaline which makes the 
water unfit for both irrigation purpose and 
drinking or domestic purpose.  

• The data suggests that the physico-
chemical nature of these effluents is no 
way near the normal condition. Some of 
the components are much above the 
permissible limit of Pollution Control 
Board and as such their deleterious effects 
are inevitable. 

• The experimental data suggests that the 
effluents are toxic in varying degrees and 
therefore need to implement common 
objectives, compatible policies and 
programmes for improvement in the 
industrial waste water treatment methods. 
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If all mankind were to disappear, the world would regenerate back to the 
rich state of equilibrium that existed ten thousand years ago. If insects were 
to vanish, the environment would collapse into chaos. 

  Edward O. Wilson 

 


