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Abstract - Today availability of fresh water is one of the major concerns for any country due to poor 
management of wastewater, ecological degradation and industrial effluent which are directly polluted to the 
natural resource. Estimation of heavy metals in potable water and in industrial effluents is very important 
because, some metals are essential and some are may affect adversely water consumers, waste water 
treatment systems or the biological systems of water bodies. Rourkela Steel Plant's effluent water was 
tested for heavy metal toxicity & water quality, as well as its effect on the groundwater quality in the 
surrounding 10 km2 area, as part of an investigation into the waste water treatment process. The Rourkela 
District's primary industrial sector has a high concentration of heavy metals, making water quality one of 
the most pressing concerns for all living things. Pb, Fe, Cr, & Zn are four heavy metals that we are 
looking for in the water at various points in the core industrial area as part of our research. 
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INTRODUCTION 

The steel industry is one of today's and future's most 
significant and critical industries. It's a nation's asset. A 
vast volume of water is used for waste transfer, 
refrigeration, and dust management by steel plants. 
The steel plants include sintering factories, coke mills, 
blast furnaces, chemicals, and chemical systems, 
water cooling rolls, pumps, extraction testing, sludge, 
and slurries transmission lines. Both these plants use a 
huge volume of water to cool their goods and to 
remove the impurities from the stock done. In steel 
factories, wastewater is generated in huge quantities. 
In the drainage, there are also absorbed, unknown 
contaminants. The steel industry generates a large 
amount of waste water and sludge over the course of 
numerous manufacturing procedures. Advanced waste 
water management technologies have emerged from 
the steel sector with astonishing speed. Wastewater 
treatment in the steel industry, particularly industrial 
effluent treatment systems, has seen very little 
research despite a slew of publications on wastewater 
pollution control. Another benefit of this research is that 
it could help with recycling, water recovery, and steel 
industry sludge. Industrial waste water treatment 
systems can be divided into four subcategories based 
on how they use chemistry, physics, biology, and 
arithmetic. Methods like ion exchange, adsorption and 
adsorption/sedimentation/floatation used in physical 
therapy remove dissolved and hidden chemicals 
without altering their chemical structure. These 
mathematical concepts are extremely useful and 

practical for building a cost-effective municipal 
waste water treatment system that performs well. 

One of the most important and vital industries now 
and in the future is steel. An important national 
asset. Steel plants utilize a large amount of water for 
waste transfer, refrigeration, & dust control. Water-
chilled rolls and extrusion trials are among the 
equipment found in the steel plants. Sintering 
factories as well as coke plants are also found in the 
steel plants. It takes enormous amounts of water to 
chill and purify the finished goods at each of these 
facilities. The amount of waste water produced in 
steel manufacturers is enormous. There are also 
undiscovered pollutants that have been absorbed 
into the drainage. The steel industry generates 
waste water and sludge during a variety of 
production processes. 

Advanced waste water management technologies 
have emerged from the steel sector with astonishing 
speed. Despite a considerable number of studies on 
wastewater pollution control, there are few studies 
on the design of industrial effluent treatment plants 
for the steel industry (ETP). This research could 
potentially help with water & steel sludge recycling 
and reuse. 

Chemically, physically, biologically, & 
mathematically, all industrial waste water treatment 
systems can be divided into four classes. Physical 
therapy procedures include processes such as 
filtration, flotation, stripping, ion exchange, 
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adsorption, and others that remove dissolved and 
hidden chemicals without altering their chemical 
structure. 

OBJECTIVES 

1. To study the waste water treatment process. 

2. To review heavy metal toxicity. 

METHODOLOGY 

In this research study, the relevant material will be 
performed in the research priorities and the time 
framework consideration. Different texts, esteemed 
reviews, theses, and written materials will have been 
thoroughly scanned for the correct approaches. For the 
study of chemicals, groundwater and effluent water 
would be used. These tests would have been correctly 
collected to achieve the right outcome. To obtain 
knowledge about the issues, we will examine the 
analysis priorities, which will also be visited in the 
chosen study field. Upon completion of the report, 
various areas of research for water quality will be 
classified. 

The processing of water samples shall be done from 
the normal water supply. The spring will be drained for 
some time before taking a water sample. The sample 
will be obtained for a hand pump after the water will 
have been rinsed out for 3 to 5 minutes so the soil and 
other artifacts will be removed from the water. The 
sample will be collected from the center and middle of 
the wells in the case of wells. Samples will be taken 
from starting points in the event of lakes or ponds. 
Before taking a sample, care will be taken to clear the 
water with floating and suspended impurities. 

Samples will be screened on-site using the filter paper 
to eliminate suspended impurities from the wash. 
New/fresh filter papers will have been used for any 
instance of filtration. The sample for physical and 
chemical examination will have been collected with a 
clean and transparent 250 ml bottle of polythene. 

SURVEY OF STUDY AREA 

Proper selection of site for collecting the sample to 
meet the research objectives requires proper survey of 
an appropriate study area. Considering the objectives 
of the research the selected study area were visited 
number of times for getting the information about the 
problems. Once the survey work is finished, different 
study area were classified for water pollution. 

Sampling 

Water sample collection was carried out from the water 
source which is used in regular fashion. Before taking a 
water sample, the source was flushed for some time. In 
case of hand pump, the sample was collected after 
flushing out the water for 3 to 5 minutes in order to 
remove the dirt and other artifacts from the water. In 

case of wells, a care was taken to take the sample from 
middle and at mid depth from the wells. In case of 
lakes or pond, samples were collected from take-off 
points. Care was taken to remove the floating and 
suspended impurities from the water before taking a 
sample. In order to remove the suspended impurities 
from the water, samples were filtered with the filter 
paper on site. For every instances of filtration, 
new/fresh filter papers were used. Clean and clear 250 
ml polythene bottle was used for collecting the sample 
for physico-chemical analysis. The bottle was washed 
two to three times with the sample water before 
collecting the water samples. Acid rinsed (0.1 N HCI) 
bottle was used for collecting the sample for heavy 
metal analysis. A unique ID number is written on each 
sample bottle. 

RESULTS AND ANALYSIS 

In the present study 33 samples were gathered from 
these area including effluent water (n =3), surface 
water(n= 1), recycle stored water Maroda –I (n= 1) 
& ground water (n=28) in year 2016. A GPS receiver 
was used to pinpoint the exact position of the study 
area. The water sampling details along with latitude 
and longitude given on Table – 1 (a). 

Table-1(a): The water sampling location along 
with latitude and longitude 
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The obtained result analyzed with the help of APHA 
standard method and the obtained result compared 
with prescribed limit of WHO and BIS for drinking 
purpose. The standard range of WHO and BIS limit 
given on Table 2 (b). 

Table -2(b): Standard range of WHO and BIS for 
drinking water. 

 

PHYSICO-CHEMICAL PARAMETERS 

pH 

The chemical state of ground water is usually 
defined in terms of pH, Oxidation- reduction [O.Hart 
2017]. pH has been categorized under secondary 
drinking water standard as it does not pose a health 
risk. pH is the negative log of hydrogen ion 
concentration. The Water's Acidity or Alkalinity is a 
Factor in This. If the pH of a sample falls below 7.0, 
it is called acidic. As for the pH, it is Alkaline when it 
is above 7.0. 

EC 

The electrical conductivity is also one of the 
important physical properties of the ground water. 
Electrical conductivity tell us about the ionic strength 
and degree of ionic mineralization i,e. heavy metal 
concentration [Nasrullah 2017]. 

Total Alkalinity 

The Alkalinity of the Water is basically caused by 
the hydroxidebicarbonate and carbonate ions. The 
main cause of these ions is the dissolution of 
minerals in atmosphere. The alkalinity nature of 
water is due to the presence of OH- and CO3—ions. 
Alkalinity represents the acid neutralizing ability of 
the sample. 

Total Dissolved Solid 

In the field, the concentration of TDS is generally is 
approximated by calculating the specific 
conductance of water sample. The standard value of 
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TDS in fresh water is less than 1000 mg/l [Khurshid 
1997]. TDS is an important factor which tells us about 
the quality of the drinking water. The total dissolved 
solids (TDS) is the sum of all the inorganic & organic 
stuff in water, measured as a solution. Everything in 
water that isn't Pure Water molecules is in it. Water 
with a high TDS content is almost always considered 
hard water. 

Total Hardness 

The presence of divalent metallic cations such as Mg, 
Ca,Fe, anamneses ions are attributed to the hardness 
of water. Metal like calcium, magnesium gets mixed 
into natural water when water comes in contact with the 
soil rocks containing large amount of mineral deposits 
[S. Buchanan 2017]. Groundwater hardness is mostly 
owing to the presence of bicarbonates, carbonates, 
sulphates, & chlorides of calcium and magnesium in its 
composition.. 

CHLORIDE [Cl-] 

Chloride is already present in natural water and it is 
one of the constituent of natural water but its 
concentration is very low in natural water. Domestic 
sewage, industrial wastes are the main source of 
chlorides in water. It also mixed in water soil from rocks 
due to weathering (WHO,[APHA.2017] ). 

SULFATE [SO4
2-

] 

The major source of higher concentration of sulfate is 
point sources like sewage treatment plants and 
industrial discharges into water bodies. As a safety 
measure, water with a sulfate level exceeding 400 mg/l 
should not be used 

FLUORIDE [F-] 

Excess intake of fluoride through drinking water causes 
fluorosis on human being. 

CALCIUM [Ca++] 

Calcium is the third the most abundant material found 
in earth‘s crust. Its atomic number is 20.The reactivity 
of calcium is less than the alkaline metal as well as the 
alkaline earth metal. Calcium is generally deposited in 
pipes and boilers and mixed in water making it hard 
i.e., water with calcium and magnesium. Water 
softeners are generally used for making the water soft. 
Osteoporosis is a bone disease which makes the 
bones very porous leading to the occurrences of 
frequent fractures. Osteoporosis is basically caused 
because of lack of calcium. 

Physiochemical parameters -The physicochemical 
parameters namely pH ,EC ,TDS, Alkalinity, 
Hardness,F,Cl,SO4,Ca,Pb and, Cr,Fe, Zn for surface 
water of study area are presented in 3(c) in the year 
2016 

Table 3(c): Physiochemical parameter values 
for Surface water in year 2016. 

 

 

Fig -1: Represent the pH among the different 
sampling location of surface water of StudyArea. 

 

Fig- 2: Represent the EC among the different 
sampling location of surface water of StudyArea. 
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Fig -3: Represent the Hardness among the different 

sampling locationof surface water of StudyArea. 

 

Fig -4: Represent the Alkalinity among the different 
sampling location of surface water of StudyArea. 

 

Fig -5: Represent the TDS among the different 
sampling location of surface water of Study Area. 

 

Fig -6: Represent the Ca among the different 
sampling location of surface water of Study Area. 

 

 

Fig -7: Represent the SO4among the different 
sampling location ofsurface water of StudyArea. 

 

Fig -8: Represent the F among the different 
sampling location ofsurface water of StudyArea. 

 

Fig -9: Represent the CI among the different 
sampling location of surface water of StudyArea. 

 

Fig -10: Represent the Pb among the different 
sampling location of surface water of StudyArea. 

 



 

 

Madhubala Sarojny1*, Dr. Rajesh Kumar Kushwaha2
 

w
w

w
.i
g

n
it

e
d

.i
n

 

143 

 

 An Analysis the Industrial Waste Water Treatment Tested for Heavy Metal Toxicity 

 

Fig -11: Represent the Fe among the different 
sampling location of surface water of StudyArea. 

 

Fig -12: Represent the Cr among the different 
sampling location of surface water of StudyArea. 

 

Fig -13: Represent the Zn among the different 
sampling location of surface water of Study Area. 

pH- The concentration of pH for surface water was 6.7 
To 7.9 with Mean value 7.2 along with SD 0.44,which 
indicate that pH value was within prescribed limit of 
WHO and BIS. 

EC- The concentration of EC for surface water was 
528 μS/cm To 680μS/cm with Mean value 625μS/cm 
along with SD 62.66μS/cm, which indicate that EC 
value was within prescribed limit of WHO and BIS for 
industrial effluent . Earlier research for industrial waste 
water of Rourkela indicated 1433-3425 μS/cm (Ankita 
et al 2016) which indicated higher concentration of EC 
.The study reviled that outlets water of BSP is treated 
water before discharge which make concentration 
within range of industrial standard. 

Hardness- The concentration of Hardness for surface 
water 290-390  mg/l  with mean value 306 along with 
SD 64.67 mg/l. The concentration ofHardness for 
surface water was within range of industrial waste 
water. Earlier research for Industrial waste water of 
Rourkela, concluded 370 – 490 mg/l (Ankita et al 2016) 
indicated higher range of Hardness comparatively BSP 
waste water. 

Alkalinity- The concentration of Alkalinity 190- 350 
mg/l for surface water mg/l with mean value 272mg/l 
along with 68.67 mg/l. The concentration of Alkalinity 
for surface water was within range of industrial waste 
water. 

TDS -The concentration of TDS for surface water 624-
820mg/l with mean value 716.2 mg/l along with SD 
132.22 mg/l. The concentration of Hardness for 
surface water was within range of industrial waste 
water. Earlier research for Industrial waste water of 
Rourkela, concluded 4903 mg/l – 5308 mg/l 
indicated higher range of TDS comparatively BSP 
wastewater. 

Ca- The concentration of Calcium for surface water 
89- 500 mg/l with mean value 207 mg/l along with 
SD 81.67. The concentration of Calcium for surface 
water was within range of industrial waste water. 

SO4-The concentration of SO4 for surface water 
was 26- 160 mg/l with Mean value 105 mg/l along 
with SD 94.6, mg/l which indicate that SO4 value 
was within prescribed limit of WHO and BIS. 

F-The concentration of F for surface water was 1.32- 
1.82 mg/l with Mean value 1.54 mg/l along with SD 
0.3 mg/l, which indicate that F value was  within 
prescribed limit of WHO and BIS for industrial 
wastewater. 

Cl- The concentration of Cl for surface water was 
50- 109 mg/l with Mean value 81 mg/l along with SD 
75 mg/l, which indicate that Cl value was within 
prescribed limit of WHO and BIS for industrial waste 
water. 

Pb-The concentration of Pb for surface water was 
0.01- 0.03 with Mean value 0.01mg/l along with SD 
0.008, which indicate that Pb value was within the 
prescribed limit industrial waste water. 

Fe- The concentration of F for surface water was 
0.31- 0.67 mg/l with Mean value 0.47 mg/l along 
with SD 0.15 mg/l, which indicate that Fe value, was 
within prescribed limit of industrial waste water. 

Cr-The concentration of Cr for surface water was 
0.03- 0.05 mg/l with Mean value 0.04mg/l along with 
SD 0.01 mg/l, which indicate that Cr value was 
within prescribed limit of WHO and BIS for industrial 
waste water. 
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Zn- The concentration of F for surface water was 
0.082- 2.17 mg/l with Mean value 0.74mg/l along with 
SD 0.08 mg/l, which indicate that Zn value, was within 
prescribed limit of industrial waste water. The 
physicochemical parameters namely pH, EC ,TDS, 
Alkalinity, Hardness,F,Cl,SO4,Ca,Pb,Cr,Fe and Zn for 
ground water of study area are presented in 4(d) in the 
year 2016 

Table 4(d): Physiochemical parameter values for 
ground water in Year 2016. 

 

 

 

The physicochemical parameters namely pH ,EC 
,TDS, Alkalinity, Hardness, F

-
, Cl

-
, SO4

2-

,Ca
++

,Pb,Cr,Fe and Zn for ground water of study 
area are presented in 5(e) in the year 2016. 

Table 5(e): Physiochemical parameter values for all 
sampling sites in Year 2016. 
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The physicochemical parameters namely pH ,EC 
,TDS, Alkalinity, Hardness,F,CL,SO4,Ca,Pb,Cr,Fe and 
Zn for ground water of study area are presented in 6(d) 
in the year 2016 

Table 6(f): Physiochemical parameter values for all 
sampling sites in Year 2016. 
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CONCLUSION 

Industrial waste constitutes the major sources of 
various kinds of metal pollution in natural water. The 
metals of most immediate concern are chromium, 
manganese, iron, cobalt, nickel, copper, zinc, 
cadmium, mercury and lead. The aim of wastewater 
treatment is to eliminate pollution up to a minimum to 
deter environmental and human health threats. This is 
achieved by collecting and treating waste water in vast 
plants until it is allowed again into the atmosphere. All 
the house water used in drains or in the sewer system 
is called wastewater.In the current study an attempt 
has been made to estimate the effectiveness of the 
treatment method by physico-chemical studies of 
outlets and recycle stored water Maroda-I of Rourkela 
Steel Plant.The obtained result analyzed with the help 
of APHA standard method and the obtained result 
compared with prescribed limit of WHO and BIS.This 
investigation is, therefore consorted effort towards the 
understanding the effectiveness of treatment and 
evaluate its effluent impact on groundwater quality. 
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