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Abstract
A review of literature on various kind of waste from industries which are exploiting the aquatic
life and its control measures along with the description of Ganga's pollution due to sectors
describe in this review paper. In Cleveland’s Cuyahoga River, the fire was observed in 1969
due to the pollution by industrial wastes. This river was not polluted before the industrial
wastes. Water constitutes more than half of our planet, and it is getting polluted day by day due
to different causes including human activities, one of the most limelight is industrial chemicals
and wastes. Generalize view of water pollution and its sources along with a description of
polluted groundwater elaborating its side effects. The colored wastewater from industries and
its biological, chemical, and physical methods explains to control water pollution. Effects of
industrial water pollution are very harmful to animals, plants as well as human beings, which
may cause severe kinds of diseases, including stunt growth and skin cancer. Other factors,
including pH, light, turbidity, and temperature of water bodies, are also affected by
industrialization and, in return affecting aquatic life, including flora and fauna. Proper
treatment including physical, chemical and biological techniques for the control of water
pollution due to industries apply for the welfare of society. The principal goal is to spread
knowledge about water pollution from industries and their control measures.
Keywords: Aquatic life; Groundwater pollution; Ganga; Industrialization; Turbidity
gas. But the main issue is that this natural
Introduction
Water is the most critical component of this
source is affected by different kinds of
Earth, which is necessary for the survival of
natural and anthropogenic activities
life on this planet. Water is that essential and
performed by human beings. These are
mandatory part which constitutes about 75%
changing water by releasing harmful
of our world, Earth the Earth's crust. It is one
chemicals, organic and inorganic products,
of the vital natural ingredients needed for the
which are directly or indirectly affecting this
survival of all kinds of lives present on the
natural source of water very severely. As a
surface [1, 2]. Water is a critical component
result of which the properties of freshwater
that we can find in all the three types of state
and the human beings living in this water are
or forms of matter that are liquid, solid, and
affected adversely by getting in contact with
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these chemicals, which may include
pesticides [3].
The disposal of wastes does the
contamination of water bodies into it. The
waste product may contain various kind of
pollutants which may be thrown into the
water body by not doing its direct or indirect
treatment [4]. Different types of harmful
chemicals from the industries cause life in
the water body to get destroyed by the action
of these toxic chemicals with the
physiological system of the living beings,
including animals as well as plants [5].
One of the most significant origins of water
pollution is due to the wastes from the
industries and sewage [6]. Through different
researches, it proves that the primary cause
of all this pollution by the addition of
harmful material in water bodies is mainly
because
of
the
human
activities
(anthropogenic activities) rather than the
natural or geogenic processes [7]. In many
developing countries, it is proof that the
primary source of degradation of water
bodies is the massive rate of growing
industries and urbanization as well. Due to
the presence of these chemicals in water, it
became unhealthy for the drinking purpose.
The availability of inadequate drinking
water for survival is causing harm to the
economy of the country. It harms the
ecosystem as well as the overall human
health. [8].
Water pollution
Due to water, the possibility of life is only
on Earth. Sea consumes 96.5% water,
glaciers, and Earth surface 3.5%, and
domestic water is only 0.07%. Most human
activities, increasing inhabitants and
industries (paper, leather, cosmetics, etc.),
are involved in polluting water. These
contaminants present in water are deathcausing and affects many water bodies by
damaging their body parts [9, 10].
Polluted water is a global issue. It causes
demise and disorders on the worldwide level
and death of 14000 people per day [11, 12,
13]. Emergent nations and developing
nations, both are affected by polluted water
[14].

The point and non-point sources
If the origins of contaminants are familiar,
these are point source e.g., tube,
manufacturing, drain pipe, etc. [15]. It is
notable as compared to the other pollution
origins [16].
If the origins of contaminants are not
familiar, these are non-point sources [17]. It
is hard to manage as, and it has multiple
roots e.g., manufacturing barren, plant food,
etc. [18]. In USA, it is the main reason for
polluting water. Point and non-point sources
can be treated by biological physical and
chemical methods which are described
below in detail. Purification, adsorption,
ultrafiltration and centrifugation are some
common techniques which can be used to
remove waste from water and make it clear.
These techniques are used for the treatment
of both pollution from point and non-point
sources. [19, 20].
Pollution of ground water
When contaminants (bacteria, viruses,
protozoa, etc.) enters into the mass of water,
it causes contamination of groundwater.
When polluted water comes to the
underground, it makes it unhealthy for
drinking and domestic purposes. Different
disorders like Cholera etc. are created by
using contaminated water [21, 22]. In
Romania and Bulgaria, nitrates enter
groundwater and give rise to childhood
diseases, also known as a blue baby. When
the amount of nitrate rises above 10 mg/L,
the chance of syndrome also rises [23, 24].
Plant food containing a high amount of
nitrate is also the factor of water pollution.
The plant uses only a small amount of nitrate
while most of the nitrates assemble in the
ground that then enters groundwater [25-27,
29]. Fluorides polluting water affects the
teeth and bones [30].
Colored wastewater from industries
Various colored components utilized in
routine. Many kinds of industries (paper,
textile, leather, food, makeup products,
medical industry, etc.) use color in their
products. When these factories emit their
excess into the water, it causes pollution of
water. Fabric factor, paper industry absorbs
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the excess amount of dyes and energy [31].
The paper industry emits waste in water and
causes damage to aquatic life by generating
toxic colors, products, slime, etc. [32].
The constituents of sewerage depend upon
coloring agents used in factories or on the
final product. Factory utilizes various types
of yes, including sulfur, acidic, basic,
liquefy and swing solids, etc. Manufacturing
uses over 1 million dyes to generate 70,000
tons annually [33].
Treatment for colored wastewater
The publication review discloses the ways
and processes to eliminate dye from water.
These acts physically, chemically, and
biologically. [14].
Physical method
It includes the adsorption method, filtration
method, coagulation method, etc. colored
wastes usually apply by the partition
method. Reverse osmosis, Nanofiltration,
and Ultrafiltration utilize for the recycling of
water. Sieves used according to the size of
the contaminants [35].
Chemical method
This method applied with the oxidizing
agents to remove dye from polluted water.
These agents are ozone, hydrogen peroxide,
and permanganate [36].
Biological method
In this method, dye removed with the help
of microbes that are particular for their dyes
called anaerobic process. This method
demands space, time, and shows sensitivity
to some agents. This process not completely
removes all stains [37]. In the wastewater of
tannery, paper, textile manufacturing, etc.
fungal performs its significant role in
degradation [38].
Degradation by fungal is more effective as
compared to the deterioration by bacteria
either to highly polluted water or too poorly
contaminated water [39, 40]. It proves that
dye having an aroma compound in itself
shows
a
non-cooperative
towards
aerobically degradation [41]. Azo reductase
is the enzyme that generates aromatic
amines from the azo compound by breaking
it [42].

Industrial pollution in Ganga
In India, the largest river is named Ganga,
which moves through the area of different
cities and falls into the Bay of Bengal. It
flows through the plains of India. The plains
include West Bengal, Bihar, Jharkhand,
Uttar Pradesh, and Uttara hand [43]. Ganga
is the 15th largest river in Asia, and it is 29th
in ranking in case of the whole world [44].
In the river, Ganga different industries,
including tanneries, dying factories,
pesticide units, coal factories, dairy farms,
rubber factories, paper, and pulp industries,
jute and sugar mills, thermal, textile, and
electrical industries discharge their waste
[45]. It observes that a vast amount of waste
is present in the basin of river Ganga [46].
Just before Kanpur, the contamination of
Ganga studies, and it has been showed that
when we move from upstream to
downstream, then the level chromium
derived from industries increases with the
effect of the season as well, which in lesser
in monsoon and the higher rate found in
summers [47]. During the study of
contaminated water of Ganga, it observes
that chromium is higher at the Jajmau. Just
beside Jajmau, the higher amounts of Pb and
As are found [48]. Other than Cr, there are
many different metals released from
industries into Ganga, including Pb, Cu, Mn,
and Zn also [48-51]. Along with tanneries,
effluents from other industries are too
washed out into Ganga [52-55].
The observation of chemicals according to
different seasons and specific sites of Ganga
are also studied [56-58]. A considerable
amount of Mn, Ni, Fe, and Cd observes at
different locations of Ganga [59]. It has
clearly shown that heavy metals are
exceeding the WHO limits in the Ganga
River [48, 52, 60]. One of the primary
sources other than industries is the
agricultural runoffs after the irrigation
process. The level of Hg observes, which
was maximum in West Bengal [61].
Effect of industrial pollutants on water
bodies
Industries release the heavy metals which
reach to different kind of areas including
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water bodies and harming the biotic life
within that aquatic body. The heavy metals
which are released by the industries harm
the animals, humans, and plants as well in
either a direct or indirect manner. When
these heavy metals or chemicals from
industries rise to a limit, it may damage the
whole ecological system and make water
toxic as well as harmful to drink [62].
Different chemicals from industries cause
various kinds of diseases. For example,
arsenic present in the water bodies is causing
infections in people of that area. Conditions
include skin cancer, keratosis, and
hyperpigmentation [63].
In a study, it notices that water was drunk by
children, which contain 0.8 ppm of arsenic.
As a result of this, the children got a
different kind of skin diseases. In some
cases, it also observes that death occurs after
drinking arsenic-containing water for some
time [64]. Cases of skin cancer were also
notes in Taiwan, where well-containing
arsenic was present. In this area of Taiwan,
black foot disease and keratotic lesions were
also observed [65]. Well containing arsenic
was also noticed in the USA, which has a
high content of sodium bicarbonate [66]. In
another case of the USA (Utah, Millard
Country), skin cancers observe in people of
that area where arsenic is was found [67].
Different types of heavy metals discharging
from the industries are causing directly or
indirectly affecting the geochemical cycles
of our environment. The elevated level of
metals like arsenic is also affecting the deep
groundwater [68]. Some of the heavy metals
are very important for the survival of plants,
but when they cross a specific limit, they
may cause severe kinds of diseases. These
metals include zinc, copper, molybdenum,
nickel, manganese, and selenium [69].
It observes that the production of heavy
metals is increasing day by day with the
increase in industrialization. The chemicals
from industries usually constitute of heavy
metals [70]. Heavy metals have adverse
effects on the health of animals, plants as
well as human beings. It is tough to remove
heavy metals from land and water because

they are found all around and increasing due
to industrialization, which is necessary for
the development of any state [71, 72]. There
are many types of industries found all
around, which are releasing harmful
material in water bodies daily. Some of these
industries include ghee, food, and chemical
manufacturing industries [73-78].
In wastewater treatment, in the case of
biological and chemical processes, there is
an excellent effect of pH [79]. Most of the
industrial effluents that are acidic disturb the
stability of the water body by changing the
pH. As a result of this, the overall water's
fundamental properties are disturbed
severely [80-82].
Those industrial effluents which have higher
ranges of CODs and BODs play a crucial
role in the life of aquatic biota. When these
chemicals from industries enter the water
body, it decreases the oxygen-carrying
capacity of water. The oxygen can't reach
the flora and fauna present there. As a result,
death may occur [78, 83, 84]. When reliable
content is higher in any water body due to
industrial waste, the light passing capacity
will reduce. As a result of which the
microorganism present in the water body
will not continue their normal functioning of
purifying the environment [85].
Another critical factor that can affect the
beauty of the water body is turbidity created
by industrial waste. It also plays an adverse
role in light penetration by providing a
cloudy or muddy look [86]. Another
scientist explains that water containing
waste material disturbs the activities of
microbes within the water body and also the
pH, which affects the metabolic processes
[87, 88].
Temperature is another factor that increases
due to the addition of factorial water after
passing from different types of machinery
and releasing in the water body. It increases
the temperature of the water body and some
aquatic biochemical reactions [86, 89].
Treatment
Before the removal of waste products and
spreading it into the water bodies from the
industries, it must purify well. For this
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purpose, we can use biological as well as the
physiochemical integrated processes [90].
For the separation of waste products, one of
the names of the essential techniques as
adsorption. Adsorption chromatography is
also well known for the termination of the
complex mixture. This technique has a high
rate of selectivity so that it can separate the
industrial wastes [91, 92]. Heterogeneous
catalysis is a process that uses in the
chemical industry has one of the most
critical steps of adsorption [93]. This
technique of adsorption also uses to remove
pollution from the water bodies, which is
occurring due to the presence of different
kinds of pollutants, including surfactants,
dye, and various types of metallic species.
We should take measure to control this
pollution. [93].
For the treatment of water having higher
salinity is done by the process of solar
heating. As a result of this process, the
concentration of salts and other harmful
organic compounds concentrates as a result
of which the volume of the industrial
harmful saline content reduces. As a result
of which the water turns to healthier
conditions for drinking purposes and other
daily use. This process of removing
industrial saline waste from water uses to
treat the wastes from hides and skin, which
are soaked in the leather industries [94].
A unique process uses to move out the
colloidal COD from the harmful industrial
water. This technique is named as
coagulation-flocculation. It practices in the
case of cuttlefish, and the turbidity of water
also reduces by about 90% [95]. Hard water
can also be treated or converted into soft
water by using the ion-exchange technique
in this process of ion exchange the cationic,
as well as the anionic exchangers, are used
to reduce the salt concentration. One
problem is there that ion exchangers are
expensive devices to use [96].
Membrane techniques can also use to treat
industrial saline water. It process removes
particular molecules based on the electric
field or difference of pressure or
concentration gradient. Ultra-filtration can

use to remove the colloidal particles, but salt
cannot remove by UF. In a study, it observes
that proteins recycle from seafood by using
ultrafiltration [97]. If we use centrifugation
along with Ultrafiltration, we can separate
up to 90% of colloidal particles from the
industrial wastewater in the water bodies
[98]. By doing comparative study we come
to know that membrane techniques are best
to remove wastes from water but it is quite
expensive so we can use filtration,
centrifugation and other purification
techniques as well. [98].
Conclusion and recommendations
Water is a vital component of life on Earth.
With the development of any country, the
water is getting polluted. Industrialization is
increasing and causing pollution within
water bodies along with surface and
groundwater. With the increase of this
pollution, there are several harmful effects,
including many types of diseases. The
aesthetic value of water bodies is also
decreasing. Human beings, along with
animals, are affected directly or indirectly
by industrial water pollution. The rise in
temperature is disrupting the metabolic
processes of aquatic biota. pH change is also
making unstable conditions in water bodies.
With an increase of turbidity, the oxygen
supplement reduces to deep water species.
Different kinds of diseases are occurring in
animals as well as human beings. The
process of growth is affected by the polluted
water. Proper techniques have been
discovered to control the industrial
pollutants, which may harm humanity in one
way or the other. These techniques are
described in detail, above in the main text.
As water is the main constituent of our life,
we must keep it clean for better survival.
There should be awareness campaigns for
clearing the water, and one must follow the
precautionary measures for preventing
pollution. Authorities should make the rules
and legislation to control industrial water
pollution. Substantial fines charges in case
of violation of rules/ laws related to
environmental stability. Heavy metals
should remove as the wastewater from
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industries is discharging. Ultrafiltration
should be done for the wastes of all the
industries so that it may affect very less on
the ecosystem. The treatment techniques
should be strictly used by every industry to
maintain a healthy environment. Enterprises
built away from the residential areas so that
the human being and other animals get less
affect comparatively. Every sector should
strictly follow the rules and regulations
formed by higher authorities for control of
water pollution by industries.
Authors’ contributions
Conceived and designed the experiments: A
Arif, F Arif & SZ Malik, Supervised and
mentored Designing: MF Malik, Execution
of research: MF Malik & A Arif, Analyzed
the data: F khurshid, A Afzal, S liaqat, A
Aslam & A Arif, Contributed materials/
analysis/ tools: DM Ch, R Javed, K Nisa &
K Mumtaz, Wrote the paper: A Arif & F
Arif.
References
1.
Trivedi PR (1992). Environmental
water and soil analysis. Environ Water
Soil Anal 74(4): 826–833.
2.
Gong P, Siciliano SD, Srivastava S,
Greer CW & Sunahara GI (2002).
Assessment of pollution-induced
microbial community tolerance to
heavy metals in soil using ammoniaoxidizing bacteria and biolog assay.
Hum Ecol Risk Assess 8: 1067–1081.
3.
Chen CH, Lung WS, Li SW & Lin CF
(2012). Technical challenges with
BOD/DO modeling of rivers in
Taiwan. J Hydro-Environ Res 6: 3–8.
4.
Colic M, Hogan J & Lechter A (2010).
Flocculation–flotation pretreatment
improves operation of MBR installed
to treat snack food manufacturing
wastewater. Pro Water Environ Fed
2193–2202.
5.
Hussain M, Muhammad S, Malik RN,
Khan M.U & Farooq U (2014). Status
of heavy metal residues in fish species
of Pakistan. Rev Environ Contam
Toxicol 230: 111–132.
6.
Dwivedi S, Mishra S & Tripathi RD
(2018). Ganga water pollution: a

7.

8.

9.

10.

11.

12.

13.

14.

15.
16.

2219

potential health threat to inhabitants of
Ganga basin. Environ Inter 117: 327–
338.
Binning K & Baird D (2001). Survey
of heavy metals in the sediments of the
Swartkops River Estuary, Port
Elizabeth South Africa. Water Sa 27:
461–466.
Schaffner M, Bader HP &
Scheidegger R (2009). Modeling the
contribution of point sources and nonpoint sources to Thachin River water
pollution. Sci of the Total Environ
407(17): 4902–4915.
Sponza DT (2003). Application of
toxicity tests in to discharge soft he
pulp paper industry in Turkey.
Ecotoxicol Environ Saf 54(1): 74–86
Bianchi J, Espindola ELG & MarinMorales MA (2011). Genotoxicity and
mutagenicity of water samples from
the Monjolinho River (Brazil) after
receiving
untreated
efﬂuents.
Ecotoxicol Environ Saf 74(4): 826833.
Letchinger M (2000). Pollution and
Water Quality, Neighborhood water
quality
assessment.
Project
Oceanography 3(1): 247-249
Pink DH (2006). Investing in
tomorrow's liquid gold. World J of
Anal Chem 2: 42-46.
Larry W (2006). World water day: A
billion people worldwide lack safe
drinking water. J Ecosyst Ecography
7: 225.
National Water Quality Inventory
Report
to
Congress
(2009).
Washington, DC: United States
Environmental Protection Agency
(EPA). EPA 841-F-08-03.
Claudia C (2016). Clean Water Act
Section. United States.
Hogan CM (2010). Water pollution.
Encyclopedia of Earth, Topic ed.
Mark McGinley, ed, in chief
Cleveland, National Council on
Science and the Environment,
Washington DC.

Pure Appl. Biol., 9(4): 2214-2224, December, 2020
http://dx.doi.org/10.19045/bspab.2020.90237

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Brian M (2008). Water Pollution by
Agriculture. Phil. Trans. Royal Soc B
363: 659-666.
Texas Commission on Environmental
Quality (2013). Municipal Solid
Waste in Texas: A Year in Review.
United States - Texas.
U.S.
Environmental
Protection
Agency (EPA) (2007). Washington,
D.C. Cycle. Document No. EPA-841R-07-001.
National Management Measures to
Control Non-point Source Pollution
from Agriculture. (2003). Document
No. EPA 841-B-03-004.
Wolf L, Nick A & Cronin A (2015).
How to keep your groundwater
drinkable: Safer siting of sanitation
systems–Working
Group
11
Publication. Sustainable Sanitation
Alliance pp 1-7.
Jennyfer W, Ustün P, Annette &
Cumming (2014). Systematic review:
Assessing the impact of drinking
water and sanitation on diarrheal
disease in low- and middle-income
settings: systematic review and
metaregression. Tropical Medicine &
Inter Health 19: 928-942.
Buitenkamp M & Stintzing AR
(2008). Europe's sanitation problem 20 million Europeans need access to
safe and affordable sanitation. Women
in Europe for a Common Future
(WECF), the Netherlands.
Knobeloch L, Salna B, Hogan A,
Postle J & Anderson H (2000). Blue
Babies and Nitrate-Contaminated
Well Water. Environ Health Perspect
108: 675-8.
Khan MN & Mohammad F (2006).
Eutrophication
Challenges
and
Solutions in Ansari AA, Gill SS (eds.),
Eutrophication:
Causes,
Consequences and Control, Springer
Science Business Media Dordrecht
2014.
Rosen CJ & Horgan BP (2009).
Preventing Pollution Problems from

27.

28.

29.

30.

31.

32.

33.

34.

35.

2220

Lawn and Garden Fertilizers.
Extension.umn.edu.
Singh B, Singh Y & Sekhon GS
(2012). Fertilizer-N use efficiency and
nitrate pollution of groundwater in
developing countries. J Contam Hydrol
20: 167-184.
Schonbeck M (2004). NOFA
Interstate Council: The Natural
Farmer. Ecologically Sound Nitrogen
Management.
Jackson LE, Burger M & Cavagnaro
TR
(2008).
Roots,
Nitrogen
Transformations, and Ecosystem
Services. Annu Rev Plant Biol 59:
341-363.
Lennon MA, Whelton H, O’Mullane
D & Ekstrand J (2004). Fluoride in
drinking-water.
World
Health
Organization.
Svensson E & Berntsson T (2014).
The effect of long lead times for
planning of energy efﬁciency and
bioreﬁnery technologies at a pulp mill.
Renew Energ 61: 12–16
Pellegrin V, Juretschko S, Wagner M
&
Cottenceau
G
(1999).
Morphological and biochemical
properties of a Sphaerotilus sp.
isolated from paper mill slimes. Appl
Environ Microbiol 65(1): 156–162
Robinson T, McMullan G, Marchant
R & Nigam P (2001). Remediation of
dyes in textile efﬂuent: a critical
review
on
current
treatment
technologies with a proposed
alternative. Bioresour Technol 77(3):
247–255
Mondal S (2008). Methods of dye
removal from dye house efﬂuent—an
overview. Environ Eng Sci 25(3):
383–396
Porter J (1997). Filtration and
recovery of dyes from textile
wastewater treatment of wastewaters
from textile processing. Schriftenreihe
Biologische
Abwasserreinigung,
Berlin Schr Bab 2: 125-156.

Arif et al.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Metcalf EE & Eddy HP (2003).
Wastewater
engineer
treatment
disposal, reuse. McGRaw, New York.
Hao OJ, Kim H & Chiang PC (2000).
DE colorization of wastewater. Crit
Rev Environ Sci Technol 30(4): 449–
505.
Yang C, Xu YR, Teo KC, Goh NK,
Chia LS & Xie RJ (2005). Destruction
of organic pollutants in reusable
wastewater using advanced oxidation
technology. Chemosphere 59(3): 441–
445
Singh P & Thakur IS (2006). Color
removal of anaerobically treated pulp
and paper mill efﬂuent by
microorganisms
in
two
steps
bioreactor. Bioresour Technol 97(2):
218–223
Singhal A & Thakur IS (2009).
Decolourization and detoxiﬁcation of
pulp and paper mill efﬂuent by
Cryptococcus sp. Biochem Eng J
46(1): 21–27
Claus H, Faber G & Konig H (2002).
Redox-mediated decolorization of
synthetic dyes by fungal laccases.
Appl Microbiol Biotechnol 59(6):
672–678
Stolz A (2001). Basic and applied
aspects in the microbial degradation of
azo dyes. Appl Microbiol Biotechnol
56(1):69–80
Basu AK (1992). Ecological and
Resource Study of the Ganga Delta.
Bagchi, Calcutta.
Joshi DM, Kumar A, Agrawal N,
(2009). Assessment of the irrigation
water quality of river Ganga in
Haridwar district. Rasayan J. Chem. 2,
285–292.
Down To Earth (2014). Ganga
Pollution: Uttar Pradesh Issues
Notices
to
956
Industries.
http://www.downtoearth.org.in.
Trivedi RC (2010). Water quality of
the Ganga River – an overview. Aquat.
Ecosyst. Health Manag 13(4): 347–
351.

47.

48.

49.

50.

51.

52.

53.

54.

55.

2221

Khatoon N, Khan AH, Rehman M &
Pathak V (2013). Correlation study for
the assessment of water quality and its
parameters of Ganga River, Kanpur,
Uttar Pradesh, India. J Appl Chem 5:
80–90.
Katiyar S (2011). Impact of tannery
eﬄuent with special reference to
seasonal variation on physico–
chemical characteristics of river water
at Kanpur (U.P), India. J Environ Anal
Toxicol 1: 1–7.
Deepali & Gangwar KK (2010).
Metals concentration in textile and
tannery eﬄuents, associated soils and
ground water. NY Sci J 3: 82–89.
Bhuiyan MAH, Suruvi NI, Dampare
SB, Islam MA, Quraishi SB &
Ganyaglo S (2011). Investigation of
the possible sources of heavy metal
contamination in lagoon and canal
water in the tannery industrial area in
Dhaka, Bangladesh. Environ Monit
Assess 175: 633–649.
Dixit S, Yadav A, Dwivedi PD & Das
M (2015). Toxic hazards of leather
industry and technologies to combat
threat: a review. J Clean Prod 87: 39–
49.
Gupta AK & Raghubansi AK (2002).
Comparative study of enrichment of
nutrients and heavy metals in river
waters of Ghaghara and Ganga due to
anthropogenic pressures. Pollut. Res.
21: 261–263.
Bhattacharya AK, Mandal SN, Das
SK
(2008).
Heavy
metals
accumulation in water, sediment and
tissues of diﬀerent edible ﬁshes in
upper stretch of Gangetic West
Bengal. Trends Appl Sci Res 3: 61–68.
Aktar MW, Paramasivam M, Ganguly
M, Purkait S & Sengupta D (2010).
Assessment and occurrence of various
heavy metals in surface water of
Ganga River around Kolkata: a study
for toxicity and ecological impact.
Environ Monit Assess 160: 207–213.
Dwivedi S, Tripathi RD, Rai UN,
Srivastava S, Mishra S & Shukla MK

Pure Appl. Biol., 9(4): 2214-2224, December, 2020
http://dx.doi.org/10.19045/bspab.2020.90237

56.

57.

58.

59.

60.

61.

62.

63.

(2006). Dominance of algae in Ganga
water polluted through ﬂy–ash
leaching: metal bioaccumulation
potential of selected algal species. Bull
Environ Contam Toxicol 77: 427–436.
Gupta A, Rai DK, Pandey RS &
Sharma B (2009). Analysis of some
heavy metals in the riverine water,
sediments and ﬁsh from river Ganges
at Allahabad. Environ Monit Assess
157: 449–458.
Pal M, Ghosh S, Mukhopadhyay M &
Ghosh M (2012). Methyl mercury in
ﬁsh – a case study on various samples
collected from Ganga River at West
Bengal. Environ Monit Assess 184:
3407–3414.
Rai UN, Prasad D, Verma S,
Upadhyay AK & Singh NK (2012).
Biomonitoring of metals in Ganga
water at diﬀerent ghats of Haridwar:
implications of constructed wetland
for sewage detoxiﬁcation. Bull
Environ Contam Toxicol 89: 805–810.
Pandey, J., Shubhashish, K., Pandey,
R., 2010. Heavy metal contamination
of the Ganga River at Varanasi in
relation to atmospheric deposition.
Trop Ecol 51 (2S): 365–373.
Singh M & Singh AK (2007).
Bibliography of environmental studies
in
natural
characteristics
and
anthropogenic inﬂuences on the
Ganga River. Environ. Monit. Assess.
129: 421–432.
Mishra S, Dwivedi S, Kumar A,
Chauhan R, Awasthi S, Mattusch J
(2016). Current status of ground water
arsenic contamination in India and
recent advancements in removal
techniques from drinking water. Inter
J Plant Environ 2: 1–15.
Ramos L, Fernández MA, González
MJ, Hernández LM (1999). Heavy
Metal Pollution in Water, Sediments,
and Earthworms from the Ebro River,
Spain. Bull. Environ. Contam. Toxicol
63: 305-311
Bergoglio RM (1964). Mortalidad por
cancer en zonas de aguas arsenicals de

64.

65.

66.

67.

68.

69.

70.

71.
72.

2222

La Provincia de Cordoba Republica
Argentina. Prensa Med Argent 51:
994-8.
Borgono JM & Greiber R (1972).
Epidemiological study of arsenicism
in the city of Antofagasta. In Trace
Substances in Environmental Health
V, ed. D. D. Hemphill. University of
Missouri, 1972, pp 13-24.
Tseng WP, Chu MH, Fong JM, Lin CS
& Yeh S (1968). Prevalence of skin
cancer in an endemic area of chronic
arsenicism in Taiwan. J Nat Cancer
Inst 40(3): 453-63.
Goldblatt EL, VanDenburg AS &
Marsland RA (1963). The unusual and
widespread occurrence of arsenic in
well waters of Lane County, Oregon,
Oregon Department of Health 1963,
pp 24.
Southwick JW, Western AE, Beck
MM, Whitley T, Isaacs R, Petajan J &
Hansen
CD
(1983).
An
epidemiological study of arsenic in
drinking water in Millard County,
Utah.
In
Arsenic,
Industrial,
Biochemical,
Environmental
Perspectives, ed. WL Lederer & RJ
Fensterheim. Van Nostrand Reinhold
Company, pp 210-25.
Welch AW, Lico MS & Hughes JL
(1988). Arsenic in ground water of the
Western United States. Ground Water
26(3): 334-47.
Metcalf,
Eddy,
Inc
(2003).
Wastewater engineering treatment
and reuse, 4th edn. McGrawHill, New
York.
Løbersli EM & Steinnes E (1988).
Metal uptake in plants from a birch
forest area near a copper smelter in
Norway. Water Air Soil Pollut 37(1–
2): 25.
Rauser WE (1990). Phytochelatins.
Ann Rev Biochem 59(1): 61–86
Chaudhry TM, Hayes WJ, Khan AG,
Khoo CH (1998). Phytoremediationfocusing on accumulator plants that
remediate metal-contaminated soils.
Australas J Ecotoxicol 4: 37–51.

Arif et al.

73.

74.

75.

76.

77.

78.

79.

80.

Aslam M, Baig M, Hassan I, Qazi I,
Malik M, Saeed H (2004). Textile
wastewater characterization and
reduction of its COD & BOD by
oxidation. Electron J Environ Agric
Food Chem 3: 804–811.
Amin A, Ahmad T, Ehsanullah M,
Irfanullah KM, Khan M (2010).
Evaluation of industrial and city
effluent
quality
using
physicochemical and biological
parameters. Electron J Environ Agric
Food Chem 9: 931–939.
Baloach M, Ali A, Durrani G, Rahim
A (2010). Impact of industrial
effluents of Gadoon Amazi Industries
over quality of ground water. Asian J
Water Environ Pollut 7: 65–71.
Manzoor S (2006). Studies on
chemical profiling of wastewater
from Hattar Industrial Estate
(NWFP), Pakistan. PhD Thesis,
Department of Chemistry Quaid-eAzam University Islamabad, pp 217.
Manzoor S, Shah M, Shaheen N,
Tariq S, Khaliq A & Jaffar M (2004).
Distribution of heavy toxic metals in
industrial effluents and relevant soils
from selected oil and ghee industries
in Hattar. J Chem Soc Pak 26: 429–
435
Sial RA, Chaudhary MF, Abbas ST,
Latif MI & Khan AG (2006). Quality
of effluents from Hattar Industrial
Estate. J Zhejiang Univ Sci B 7(12):
974–980
Alturkmani AA (2008). Dairy
industry
effluents
treatment
anaerobic treatment of whey in stirred
batch reactor. PhD thesis. Sanitary
Engineering and Water Protection
Department. Technical University of
Civil Engineering of Bucharest
(UTCB)
Aboulhassan MA, Souabi S,
Yaacoubi A & Baudu M (2006).
Removal of surfactant from industrial
wastewaters
by
coagulation
flocculation process. Inter J Environ
Sci Tech 4: 327–332.

81.

82.

83.

84.

85.

86.

87.

88.

89.

2223

Jüttner K, Galla U & Schmieder H
(2000). Electrochemical approaches
to environmental problems in the
process industry. Electrochimica
Acta 45(15–16): 2575–2594.
Siyanbola TO, Ajanaku KO, James
OO, Olugbuyiro JAO & Adekoya JO
(2011).
Physico-chemical
characteristics of industrial effluents
in Lagos state, Nigeria. Glob J Pure
Appl Sci Technol 1: 49–54.
Lima NI, Zhu DZ, Rajaratnam N, Yu
T, Spafford M & McEachern P
(2007).
Dissolved
oxygen
downstream of an effluent outfall in
an ice-covered river: natural and
artificial aeration. J Environ Eng 133:
1051–1060.
Prashanth S, Kumar P & Mehrotra I
(2006). Anaerobic degradability:
effect of particulate COD. J Environ
Eng 132: 488–496
Nosheen S, Nawaz H & Khalil-urRehma (2000). Physicochemical
characterization of effluents of local
textile industries of Faisalabad–
Pakistan. Inter J Agric Biol 2(3):
232–233.
Mandal HK (2014). Influence of
wastewater pH on Turbidity. Inter J
Environ Res Dev 4: 105–114.
Shu D, He Y & Yue H (2015).
Microbial structures and community
functions of anaerobic sludge in six
full scale wastewater treatment plants
as revealed by 454 high-throughput
pyrosequencing. Bioresour Technol
186: 163–172.
Ouyang E, Liu Y, Ouyang J & Wang
X (2019). Effects of different
wastewater
characteristics
and
treatment techniques on the bacterial
community structure in three
pharmaceutical wastewater treatment
systems. Environ Technol 40: 329–
341.
Hariharan S (2010). A novel
integrated instrumentation technique
for air pollution monitoring. In:
Gulfraz M (ed) 2010 International

Pure Appl. Biol., 9(4): 2214-2224, December, 2020
http://dx.doi.org/10.19045/bspab.2020.90237

90.

91.

92.

93.

94.

conference
on
environmental
engineering and applications, IEEE.
Contamination of selected metal ions
in rivers and lakes water due to
industries and their effect on aquatic
life. PhD. Thesis, Quaid-i-Azam
University, Islamabad, pp 142–146.
Firdous S, Jin W, Shahid N, Bhatti
ZA, Iqbal A, Abbasi A, Mahmood Q
& Ali A (2018). The performance of
microbial fuel cells treating vegetable
oil industrial wastewater. Environ
Technol Innov 10: 143–151.
Regnier EE (1983). High-performance
liquid chromatography of biopolymers.
Sci 222: 245.
Wankat, PC (1990). Rate controlled
Separations,
Elsevier
Applied
Science, New York, pp 122.
BenAvraham D (1990). Lattice
models for heterogeneous catalysis.
Physica 168A, 626-636.
Lefebvre O, Vasudevan N, Torrijos
M, Thanasekaran K & Moletta R
(2005).
Halophilic
biological
treatment of tannery soak liquor in a

95.

96.

97.

98.

2224

sequencing batch rector. Water Res
39(8): 1471-1480.
Ellouze E, Amar RB & Salah BAB
(2003). Coagulation flocculation
performance for cuttlefish effluents
treatment. Environ Technol 24(11):
1357-1366.
McGhee TJ (1991). Treatment of
brackish and saline waters. Water
supply and sewage. 6th ed. McGrawHill. Inc, New York.
Afonso MD, Borquez R (2002).
Review of treatment of seafood
processing waste water and recovery
of proteins therein by membrane
separation
process-prospects
of
ultrafiltration of wastewaters from the
fish meal industry. Desalination
142(1): 29-45.
Turano E, Curcio S, DePoala MG,
Calabro V & Iorio G (2002). An
integrated
centrifugation
and
ultrafiltration system in the treatment
of olive mill waste water. J Membr Sci
209(2): 519-531.

