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Do Industrial Wastes is a Reason for Water Pollution?

Anamika Singh

Abstract

Industrial effluents can be classified into waste rich in organic matter and waste rich in inorganic matter.
Heavy metals are naturally occurring elements that have a high atomic weight and a density at least 5 times
greater than that of water. The use of heavy metal in multiple industries likedomestic, agricultural, medical and
technological applications have led to their wide circulation in the Environment and this leads to various harmful
effects on human health and ecosystem. The toxicity of heavy metals dependson numerous factors including
the dose, route of exposure, and chemical species, as well as the age, gender, genetics, and nutritional status of
exposed individuals. Because of the high degree of toxicity of heavy metals like arsenic, cadmium, chromium,
lead, and mercury rank among the different metals that areof public health significance. These metallic elements
are considered to be universal toxicants that are known to induce multiple organ damage, even at lower levels of
exposure and also classified as human carcinogens (known or probable).
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Introduction

Industrial waste plays a foremost part for the
water pollution, usually lots of water used in
industries and lots of waste water generated from
the industries due to their working procedures,
this waste water contains heavy metals that is
hazardous for the environment and public health
also[1]. Heavy metals are natural component of the
Earth Crust that cannot be degraded or destroyed.
Heavy Metal refers to any metallic components
that have high density and it is poisonous and toxic
at low concentrations, some of the heavy metals
that are creating mess in the environment Example:
Mercury (Hg), Cadmium (Cd), Arsenic (As),
Chromium (Cr), Thallium (T1), Zinc (Zn) and Lead
(Pb) [2]. Different metal have different properties
to affect the environment, large volume of waste
water that contain heavy metals are discharged
from the industries in water bodiesand contaminate
the water, because in low concentration they enter
in our bodies via food , air and water and create

harmful effects [3].And some trace metals that are
essential to maintain the metabolism of the human
body (e.g. copper, selenium, zinc), However at
higher concentration they can be carcinogenic.

Industrial waste leads to heavy metal excretion in
the water bodies, though heavy metals are naturally
occurring elements that are found in the earth’s
crust [4]. Mostly contamination in the environment
and human exposure result from usage of heavy
metals in industries like electroplating industry,
tannery, automobile and steel and discharge large
volume of heavy metal from the industries.

Effect of different metals on the environment:

Arsenic

It is an abundant element that is identified
at very low concentrations in nearly all
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environmental matrices. Arsenic present in two
inorganic forms that include the trivalent arsenite
and the pentavalent arsenate, and the organic form
are methylated metabolites monomethylarsonic
acid (MMA), dimethylarsinic acid (DMA) and
trimethylarsine oxide [5]. The pollution caused by
arsenic such as volcanic eruptions and soil erosion.
Arsenic also have lots of industrial application like
insecticides, herbicides, fungicides, algicides, sheep
dips, wood preservatives, and dye-stuffs and also
used in veterinary medicine.

It is assessed that millions of people are exposed
to arsenic chronically throughout the world,
especially in countries like Bangladesh, India, Chile,
Uruguay, Mexico, and Taiwan, where arsenic is
present in high concentration in ground water and
exposure to Arsenic occur via oral route inhalation,
ingestion, dermal contact and parental route to
some extent. Its water concentration is generally
less than 10pg/L, although higher levels can occur
near natural mineral deposits or mining sites [6].

The average intake of arsenic is about 50 ug per
day. Workers who work in industries are more
prone to exposed substantially higher levels of
arsenic. It has also been identified at 781 sites of
the 1,300 hazardous waste sites that have been
proposed by the U.S. EPA for inclusion on the
national priority list. Contamination with high
levels of arsenic is of concern because arsenic can
cause a number of human health effects. A number
of epidemiological studies have described a
strong suggestion between arsenic exposure and
increased risks of both carcinogenic and systemic
health effects [7].

Cadmium

Cadmium is a heavy metal that is widely
distributed in the earth’s crust at an average
concentration of about 0.1 mg/kg [8]. In the
Environment the highest level of cadmium
compounds is accumulated in sedimentary rocks,
and marine phosphates. Cadmium is commonly
used in various industries like alloys, pigments and
batteries, because of various application this show
considerable growth in recent years, But some of
the developed countries has declined the use of
cadmium in response to Environmental concern
[9]. The toxicological properties of cadmium derive
from its chemical similarity to zinc i.e. an essential
micronutrient for plants, human and animals.

Exposure of cadmium to human beings is
possible through a number of ways like inhalation,

ingestion of food, smoking the cigarettes and
several sources include like employment in metal
industries, cadmium contaminated places, smelting
and manufacturing of batteries, pigments,

Stabilizers and alloys [10]. Long term exposure
to cadmium generally associated with the renal
dysfunction and changes in Pulmonary function
and lung disease that later become lung cancer[11].

Chromium

Chromium is a Heavy metal; Atomic number 24
is naturally occurring and most abundant element
in the earth crust and is widely dispersed in the
Environment[12]. The oxidationstates of Chromium
ranging from -2 to +6 but in environment the stable
form of chromium is trivalent and hexavalent form.
Chromium which is present in 0 oxidation state are
biologically inert and are not naturally present in
earth crust, while +3 and +6 are originated from
industries. Normally the concentration of Cr(VI)
in industrial effluents ranges from as low as 1mg/1
to as high as >1000mg/1 [13]. The Indian statutory
limit of Cr (V1) for industrial effluent discharge in
inland forsurface water is 0.1mg/1.

Hexavalent chromium is the second most stable
form of chromium that have strong oxidising
property and very hazardous for ecosystem,
when binds to oxygen form a chromate i.e.CrO,?
(an oxyanion), it will act as electron acceptor for
microorganisms and dichromate i.e. K,CrO,. Cr
(VI) has three half-life excretion i.e., 7h, 15-30 days
and 3-5 years [13]. Chromium in the radioactive
form is used in medicine to tag, or label, red blood
cells inside the human body. The labelling of that
cell is permanent for the lifetime, so that it is a
useful way to look at long-term patterns of blood
cell turnover in the body, to look for evidence of
internal bleeding and for similar studies [14].

According to the Toxics Release Inventory,
in 1997, the approximate releases of chromium
were 708,205 pounds to the air from 3,399 large
processing facilities which accounted for about
2.5% of total environmental releases. Coal and
oil combustion contribute an estimated 1,725
metric tons of chromium per year in atmospheric
emissions; however, only 0.2% of this chromium
is Cr(VI) [15]. In contrast, chrome-plating sources
are estimated to contribute 700 metric tons of
chromium per year to atmospheric pollution,
100% of which is believed to be Cr(VI) [ATSDR
2000]. In water chromium was 111,384 pounds to
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water from 3,399 large processing facilities which
accounted for about 0.5% of total environmental
releases [16]. Electroplating, leather tanning, and
textile industries release relatively large amounts of
chromium in surface waters. Leaching from topsoil
and rocks is the most important natural source of
chromium entry into bodies of water. A Disaster
is also reported because of chromium pollution
in pacific gas and electric company. From 1952 to
1966, PG & E dumped [5].

“roughly 370 million gallons” hexavalent
chromium wastewater” into unlined wastewater
spreading ponds around the town of Hinkley,
California. PG&E used Cr (VI) one of the cheapest
and most efficient commercially available [17].
In July 2014 California became the first state to
acknowledge that ingested hexavalent chromium
is linked to cancer. (Erin Brockovich movie) .In soil
the contamination of chromium was 30,862,235
pounds to soil from 3,391 large processing facilities
accounted for about 94.1% of total environmental
releases. Total chromium has been identified in 939
soil and 472 sediment samples collected from 1,036
hazardous waste sites [18].

Workers who work in chromium bearing
industries are come in contact with hexavalent
chromium containing material and were reported
to have chronic ulcers of the skin and irritative
dermatitis and if inhaled it cause irritation in
respiratory tract, perforation in nasal system
and ulceration. It is already been reported that
Chromium and its compound gets absorbed in
human body through the exposure to oral ,dermal
and inhalation routes Cr(Ill) is less absorbed
than Cr(VI) and this leads the difference in their
transport to the cell, because of its high oxidising
potential, Cr(VI) cause mutagenic and carcinogenic
effect on biological organisms [19]. Cr(VI) does not
interact directly with DNA, Hence its genotoxicity
is attributed to its intracellular reduction to Cr(III)
via reactive intermediates. As chromate CrO*
is structurally similar to sulphate SO,* crosses
the cell membrane in some species via sulphate
transport system. Under normal physiological
conditions, after crossing the membrane Cr(VI)
reacts spontaneously with intracellular reductants
(e.g., ascorbate and glutathione) to generate the
short-lived intermediates Cr(V) and/or Cr(IV),
free radicals and the end-product Cr(IlI) [20].Cr (V)
undergoes a one-electron redox cycle to regenerate
Cr (VI) by transferring the electron oxygen. The
process produces reactive oxygen species (ROS),
including single oxygen (O) and superoxide (O2)
hydroxyl (OH) and hydrogen peroxide (H202)

radicals that easily combine with DNA-protein
complexes. Therefore, Cr(IV) binds to cellular
materials and deters their normal physiological
functions. The genotoxic effects of the Cr ion
however cannot be solely explained by the action
of ROS. Intracellular cationic Cr(Ill) complexes
also interact electro statically with negatively
charged phosphate groups of DNA, which
could affect replication, transcription and cause
mutagenesis [21].

Lead

Lead is naturally occurring heavy metal found in
the earth crust in very less amount, arises from both
natural and anthropogenic activity like fossil fuel
burning, mining etc., and this is the first metal that
is used by humans and recorded the first disease in
a 4" century BC, named lead colic, (Metal worker)
[22], Because of so many industrial, Agriculture
and domestic application, It is currently used in
batteries production, ammunitions, metal products
and devices to shield. In 2004, the estimated 1.52
million metric tons of lead is used in industries
for various applications in U.S. An estimated 1.6
million metric tons of lead in 2012 is used by USA
industries for different application. Of that amount,
342,000 metric tons of lead is produced in U.S
mines [23].

It is widely used as a corrosion inhibitor
and pigment in paints but disquiets over its
toxic properties. This led to the Consumer
Product Safety Commission (CPSC) in 1977 to
ban the use of lead in paint for residential and
public buildings [24]. Exposure to lead during the
removal, renovation, or demolition of structures
painted with lead pigments. Workers may also
be exposed during installation, maintenance, or
demolition of lead pipes and fittings, lead linings in
tanks and radiation protection, leaded glass, work
involving soldering, and other work involving lead
metal or lead alloys. Inindustry, workers come
in contact with lead in solder, plumbing fixtures,
rechargeable batteries, lead bullets, leaded glass,
brass, or bronze objects, and radiators [25]. Lead
exposure can occur not only in the production of
these kinds of objects but also in their use (e.g.,
firing ranges), repair (e.g., radiator repair), and
recycling (e.g., lead-acid battery recycling).

In daily life, lead may be present in small but

hazardous concentrations in food, water, and
air. Children under the age of six are at risk of
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developing mental health effects even at very low
blood lead levels. Pregnant women or those who
might become pregnant must avoid lead exposure
because it is toxic to the foetus [26]. Exposure to
lead, leads to damage the organ system as this
enters through inhalation and ingestion and mostly
adults are exposed to lead by inhaling the lead
containing dust and fumes while working in the
industries. This may develop variety of ailments
neurological effects, gastrointestinal effects and
kidney disease.

Another source for identifying where lead
exposure occurs at work is the NIOSH Adult Blood
Epidemiology & Surveillance (ABLES) program
[27]. ABLES currently has 41 states participating in
the collection of elevated blood lead levels in adults.
This program identifies industries and occupations
where workplace exposure to lead is occurring [28].

Mercury

Mercury is a transition metal in the periodic
table and found in nature in three forms Elemental,
Inorganic, and Organic. It is a global Pollutant
with complex physical and chemical properties
with each having its own toxicity [29]. The Natural
Source of mercury is earth crust, emission of
volcanoes and evaporation form water bodies. It
is an environmental toxicant which brings severe
alteration in the body and cause harmful effects.
Mercury existas aliquid in room temperature which
is having high vapour pressure and is released into
the environment as vapour.Mercury also exists as
a cation with oxidation states of +1(mercurous)
or +2 (mercuric) [30]. Methylmercury is the most
commonly encounteredcompound of the organic
form found in the environment, and is formed as
a result of themethylation of inorganic (mercuric)
forms of mercury by microorganisms found in
soil andwater [31]. Bothhumans and animals are
exposed to various chemical forms of mercury
in the environment. These include elemental
mercury vapour (Hg0), inorganic mercurous
(Hg+1), mercuric(Hg+2), and the organic mercury
compounds [32]. Because mercury is ubiquitous in
theenvironment, humans, plants and animals are all
unable to avoid exposure to some form of mercury.
Mercury is exploited in the electrical industry
(switches, thermostats, batteries), dentistry(dental
amalgams), and various industrial processes
including the production of causticsoda, in nuclear
reactors, as antifungal agents for wood processing,
as a solvent for reactiveand precious metal, and as

a preservative of pharmaceutical products [33]. The
industrialdemand for mercury peaked in 1964 and
began to sharply decline between 1980 and 1994
asa result of federal bans on mercury additives in
paints, pesticides, and the reduction of itsuse in
batteries [34]. It is toxic substance which has no
known function in human Biochemistry, and not
naturally occurring in living organism. Poisoning
from Inorganic form of mercury leads to tremors
and minor psychological changes and together
with abortion and congenital malformation, one
form of mercury that is Monomethylmercury
caused damage to brain and central nervous
system.

World-wide mining of the metal leads to
unplanned expulsions into the Environment.
Mercury is used in industries processes and in
various products e.g. lamps, thermometer and
batteries. It is also used in dentistry as an amalgam
for fillings and by the pharmaceutical industry. It is
mostly present in the atmosphere in an unreactive
form of gaseous element.

Natural biological processes can cause
methylated forms of mercury to form which bio-
accumulate over a million-fold and concentrate
in living organisms, especially fish. These
forms of mercury: monomethylmercury and
dimethylmercury are highly toxic, causing neuro-
toxicological disorders. The main pathway for
mercury to humans is through the food chain and
not by inhalation.

The main sources of mercury emissions in
the UK are from the manufacture of chlorine in
mercury cells, non-ferrous metal production,
coal combustion and crematoria UK emissions of
mercury are uncertain and it is estimated that the
range is from 13 to 36 tonnes per year (DERA).
Emissions are estimated to have declined by
around %4’s between 1970-1998 (NAEI), mainly due
to improved controls on mercury cells and their
replacement, and the fall in coal use [35].

Whilst there has been a decline in the level
of European emissions of mercury, emissions
from outside of Europe have started to increase -
increasing the level of ambient concentrations in
the continent

Prospects

A wide-ranginginvestigation of available data
shows that heavy metals such as arsenic, cadmium,
chromium, lead, and mercury, occur naturally
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in the environment. However, anthropogenic
activities contribute significantly to environmental
contamination. These metals are total toxicants
known to bring adverse health effects in humans,
including cardiovascular diseases, developmental
abnormalities, neurologic and neurobehavioral
disorders, diabetes, hearing loss, hematologic and
immunologic disorders, and various types of cancer.
The main pathways of experience include ingestion,
inhalation, and dermal contact. The brutality of
adverse health effects is related to the type of heavy
metal and its chemical form, and is also time- and
dose-dependent. Among many other factors,
speciation plays a key role in metal toxicokinetics
and toxicodynamics, and is highly influenced by
factors such as valence state,particle size, solubility,
biotransformation, and chemical form. Several
studies have shown that toxic metals exposure
causes long term health problems in human
populations [36].

Although the acute and chronic effects are
known for some metals, little is known about the
health impact of mixtures of toxic elements. Recent
reports have pointed out that these toxic elements
may interfere metabolically with nutritionally
essential metals such as iron, calcium, copper, and
zinc However, the literature is scarce regarding the
combined toxicity of heavy metals. Simultaneous
exposure to multiple heavy metals may produce
a toxic effect that is additive, antagonistic or
synergistic [37].

A recent review of a number of individual studies
that addressed metals interactions reportedthat co-
exposure to metal/metalloid mixtures of arsenic,
lead and cadmium produced moresevere effects
at both relatively high dose and low dose levels in
a biomarker-specific manner. These effects were
found to be mediated by dose, duration of exposure
andgenetic factors [38].

Also, human co-exposure to cadmium and
inorganic arsenic resulted in amore pronounced renal
damage than exposure to each of the elements alone.
In manyareas of metal pollution, chronic low dose
exposure to multiple elements is a major publichealth
concern. Elucidating the mechanistic basis of
heavy metal interactions is essential forhealth risk
assessment and management of chemical mixtures.
Hence, research is needed tofurther elucidate the
molecular mechanisms and public health impact
associated with humanexposure to mixtures of toxic
metals [39].
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