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Copper is a metal of choice for technologists and is an important engineering material. It is
one of the toxic metals, which causes many health hazards and harmful biochemical ef-
fects on living beings. In this review, introduction, chemistry, uses, sources, effects of
copper and copper pollution and its removal from water bodies using pollution control

technologies have been discussed.
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INTRODUCTION

Copper is an important engineering material
of choice of technologies having wide in-
dustrial applications. It is regarded as one
of the earliest known toxic metals. It pro-
vides raw materials for copper forming in-
dustry. The levels of copper in the environ-
ment is elevated due to its emissions from
various industries as well as natural and
other man-made sources. The elevated lev-
els of copper in the environment has drawn
the keen attention of environmentalists,
because these are posing serious threat to
mankind as well as flora and fauna. Copper
pollution is deleterious for health because
of its non-biodegradability, biological mag-
nification and long persistent in the envi-
ronment. Copper is found in chalophile/chal-
copyrite deposits along with Pd, Cd, Zn,
etc., which are used in the manufacture of
several important alloys and other industries.
Copper is released from plumbing system
{Gustavo et al., 2007). Its ingestion beyond
the permissible leve! causes various types
of acute and chronic disorders and health
hazards in flora, fauna and human beings.
Regutar and prolonged ingestion of copper
in more than the prescribed amount for hu-
man beings (that is to the line of 15-75 mg)

is reported to cause Wilson’s disease. Pre-
scribed limit for copper in drinking water is
0.05 mg/L as per WHO norms and also 0.05
mg/L as per IS| prescribed limits, 1983.

Chemistry of copper

Copper metal is placed in group IB of the
periodic table. It is placed with d-block ele-

‘ments in modern periodic table. The melt-

ing point of pure Cu is 1083.0+£0.1°C
{(Samuel, 1954). The knowledge of chemis-
try of copper is essential to know the eco-
logical and biological effects of Cu toxicity
in the environment.- Cu is associated with
complex formation in biological systems.

Production of copper

The world refined copper usage has in-
creased from 13,000(000, tonne) in 1997
to approx. 17,000(000, tonne) in 2006 {Cop-
per Topics, 2007). The important copper re-
sources of India are at Khetri (Rajasthan),
Malanjkhand (M.P.), Dariba and Chandmari
{(Rajasthan), Agnigundala (A.P.), Rekha,
Ghatshila (Jharkhand). Refined copper pro-
duction in India was reported about 415,000
tonne during the year 2004-05 (copper Top-
ics, 2006). Domestic copper is recovered
from low grade sulphide ore using pyromet-
allurgical procedure. The four hydrometal-
lurgical methods are practiced also for ex-
traction of copper. The capacity of Cu
smelter at Ghatshila in East Singhbhum dis-
trict of Jharkhand will be enhanced from
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Figure 1. Copper pollution : Source, pathways and interaction with organisms

16,500 tonne per annum to 20,000 tonne
per annum by May’2008 through modern-
ization and technical upgradation (Copper
Topics, 2007). Hindustan Copper Corpora-
tion is developing its main deposits of the
country.

Uses of copper

Copper is an important engineering metal,
widely used for various engineering pur-
poses. It is used for manufacture of several
alloys. It is also used in ceramics and pesti-
cides. Cu is used in manufacture of wires
for various industries, namely electrical, elec-
tronics, automotive, electrical appliances,
white goods, etc., and other products in cop-
per forming industries. Some heavy metals and
substances must not be present in more quan-
tity in alloys as per ROHs norms (limit).

Sources of copper contamination

Copper enters into the environment through
natural and anthropogenic sources. The con-
tamination of air and water, by copper is
contributed from mining, milling, concen-
trating, refining of copper ores, electroplat-
ing industries, petroleum and refining melt-
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ing plant and misc. units and from indus-
trial smelts, namely iron and steel and fer-
tilizer industries. Copper is discharged into
the industrial effluents of various industries,
like chlor-alkali, electropliating, paints and
dyes, petroleum refining, fertilizers, mining
and metallurgy, explosives, pesticides, iron
and steel industries, burning of wood, etc.,
water pollution due to copper also results
from the discharge of mine tailings disposal
of flyash and disposal of municipal and in-
dustrial wastes (Dara, 1993). Separation of
the traces of copper bearing minerals from
the mass of wastes is essential to economic
recovery of the metal (Rao and Rao, 1989).
The main sources of pollution in copper
metal industry are : Solid waste from mines,
mine water and effluents from water treat-
ment plants, tailings from floatation cells,
sulphur containing gases, bled electrolyte
from electro-refining plant, acid spilage from
sulphuric acid plant, etc., (Bhatia, 2002). The
above sources contribute wealthy share to’
the copper pollution of water bodies. The
sources and pathways of copper entering
into water bodies have been shown in the
figure 1.
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Table 1. Standards for copper in drinking water and industrial/sewage effluent discharge,

in mg/L

Drinking water

Industrial or sewage effluents (1S:2490-1982) Into public sewer

WHO 1S:10500 Into inland On land for Into marine
(1971) (1983) surface irrigation coastal plane
water
0.05 0.05 3.0 3.0 3.0
Standard tent prior to their discharge into the receiv-

Standards are legally prescribed limits of
pollution which are established under statu-
tory authority. The standards for copper in
drinking water and industrial/sewage efflu-
ent discharges have been given in table-1.

Copper toxicity and biochemical effect

Copper is a toxic metal. It causes a disease
named ‘Wilson's disease’. It causes harm-
ful biochemical effects, toxicity and hazards
in flora, fauna and human beings. Intake of
Cu through air, water and food beyond its
permissible limit causes disease. Ingestin of

15-75 mg of Cu causes gastro-intestinal dis-

orders. Excessive intake of Cu may causes
hemolysis, hepatotoxic and nephro toxic
effects. Copper toxicity leads to serve mu-
cosal irritation, corrosion, widespread cap-
illary damage, hepatic and renal damage and
central nervous system irritation followed
by depression (Krishnamurthy et a/., 1991).
Application of copper salts to the skin is
corrosive and may lead to papulovesicular
eczema. Local action an the eye produces
inflammation. Workers involved in use of
fungicides containing copper sulphate de-
velop a respiratory disorder called ‘Vineyard
sprayer’s lungs’ which is characterized by
the development of interstitial pulmonary
lesions and nodular fibro-hyaline scars. This
may lead to even lung cancer.

CONTROL OF COPPER POLLUTION FROM
WATER/WASTEWATER

Control technology for copper pollution is
a very significant facet of environmental
studies. The industrial effluents/ wastewa-
ters containing metal bearing wastewater
should be treated for removal of copper con-

ing water bodies and the concentration value
should be carried within TLV for Cu. A num-
ber of processes are known which are em-
ployed for the treatment of copper bearing
effluents from various industries.

General techniques for the removal of cop-
per

The techniques employed for removal for
copper from metals bearing wastewaters are
precipitation ion-exchange, reverse osmosis,
cementation (Dean et al., 1972). Solvent
extraction and adsorption, etc.

Precipitation : The heavy metal copper ac-
tion can be removed effectively from aque-
ous solutions with lime by precipitation as
its metal hydroxide, according to the reac-
tion :

M"* +nOH = M(OH)n

The extent of this reaction is governed by
the concentration of the metal ion and pH
of the solution. The metal ions get precipi-
tated over a range of pH values. Thus pre-
cipitation of Cu+ +, Pb+ + and Fe+ + as
hydrated oxides of other salts is often used
industrially to reduce the concentration of
these ions in solution (Moore, 1972). A num-
ber of organic compounds have also been
tried for precipitation of heavy metals
{Thackson et a/.,, 1980).

lon exchange : lon exchange technique has
been successfully employed for the removal
of copper and other heavy metals from
wastewaters. This method is considered
economical for the recovery and recycling
of wastewater in electroplating operations,
but as a whole, ion exchange process is
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expensive and requires recharge of resin and
the disposal of substantial volume of spent
and the contaminant regenerant solution.

Cementation : Cementation is the recovery
of an ionized metal from solution by spon-
taneous electrochemical reduction to the
elemental metallic state, with consequent
oxidation of a sacrificial metal. A typical
example of this process is the reaction of
copper ions with iron, namely

Cu?* +Fe®-Cu® +Fe?*

However, this process is used only to a lim-
ited extent these days, though used for cop-
per (Patterson et al., 1977).

Floatation : Foam floatation has distinct
advantages when dealing with large volume
of highly contaminated wastes that are quite
dilute in the ions to be removed. In the
adsorbing colloid floatation technique, the
removal of adsorbed material on colloidal
particles is achieved through the use of sur-
factant by floatation. By this method, re-
moval of lead ions from wastewater has been
reported by Thackson et a/. (1980).

Solvent-extraction : Solvent extraction is a
process in which a substance is transferred
from one liquid phase into another liquid
phase. The equilibrium stage of this pro-
cess is known as liquid-liquid partition.
Since two phases should be reasonably im-
miscible the vast majority of studies made
concerns the systems where one liquid
phase is usually an aqueous solution and
the second phase is an organic solvent ca-
pable of dissolving the distribuend atleast
to some extent. An extractant is a substance
with solvent properties used in a solution
of a suitable diluent. The diluent without
having extractant properties itself is used
to dissolve the extractant and improve its
physical properties; the extractant and the
diluent together act as solvent. A brief re-
view on the use of extraction technique for
the removal of metals, such as Cu, Ni, Cr
and Zn was published by Clevenger and
Novak. They have used chelating agents,
such as 8-hydroxyquinoline, acetyl-acetone
and dithizoné, etc. However, there are eco-

nomic limitations for these processes since
most of the chelating agents are quite ex-
pensive. Among other methods, removal of
heavy metals by biological treatment and by
using electrolyte ferrite formation have also
been reported recently but not with much
success.

Adsorption : During recent years, adsorp-
tion has also come to the forefront as one
of the significant techniques for the removal
of heavy metals from polluted /wastewaters.
The process of adsorption has been found
quite useful and popular due to its low main-
tenance cost, high efficiency and easy op-
eration (Culp, 1963). The phenomenon of
adsorption involves the interface accumula-
tion of a substance at an interface. It can
occur at liquid-liquid, gas-liquid, gas-solid
or liquid-solid interfaces. The matter being
concentrated is called adsorbate and the
adsorbing material is known as the adsor-
bent (Shrivastav, 1998). A full understand-
ing of the adsorption process requires that
the interaction of a solute with a surface
be characterized in terms of physico-chemi-
cal properties of the solvent, solute and
adsorbent and the same can be represented
by the following figure :

Solute

—~ Solvent

Surface
Ty

The significant chemical interactions are
those of the solute with the surface and
the solute with the solvent. However, the
interaction of the solvent with the surface
is of little significance when water is used
as the solvent. Thus, a number of solid ma-
terials, conventional and non-conventional
having large surface sites for adsorption have
been utilized as adsorbents. The list is very
wide and includes from the most widely used
activated carbon to activated alumina, clay
minerals, flyash, coal, wastewool, peatm-
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oss, saw-dust, serpentine mineral, blast-fur-
nace slag, etc. Various adsorbents have been
used for removal of copper from water/
wastewaters which are : Polyvinyl benzene
trimethyl ammonium chloride PVBTMAC
(Wing et al., 1974), clay minerals - Kaolin-
ite and mont morillonite (Griffin et al., 1976),
serpentine mineral (Sunder-eshen et al.,
1978), straw (Larsen and Schierup, 1981),
seed husks of Citrullus vulgaris (Okieimen
et al., 1978), sulphate reducing bacteria
‘disulphovibrio desulphur-icans’ (Kar and
Shukla et al., 1992), coal based absorbents-
Bituminous coal (Coughline et a/., 1995),
goethitie (Coughline et a/., 1995), uptake
of copper by plants and animals was also
studied by many persons. Sorption of Cd,
Pb, Cu, Zn on treated and untreated foam
stripes (PUF) was studies by us (Shrivastava
and Rupainwar, 1997). Some absorbents
have been used for removal of Cu, for ex-
ample algal biomass, and biosorbents by
Volesky (2003). Another absorbents, like
bottom ash (Kaur et al., 1995), granulated
slag-steel plant (Looba and Pandey, 1993),
inorganic particulates (Aulita et a/., 1991)
oxides of manganese and iron (Mc Kenzie,
1980), bacillus biosorption (Hossain, 2006),
commercial activated carbon (Kannan et a/.,
2005), etc., have been employed succes-
sively for removal of copper from water /
wastewater.

Huang (1977) investigated the role of pos-
sible metallo-organic species co-ordination
in the removal of heavy metals(Huang,
1977). The sorption of Cu(ll) by Delawaren
soil for instance is greatly enhanced by for-
eign species, such as phosphate, organic
acids or colour forming -compounds. The
metal ions have tremendous binding capac-
ity for many types of naturally occurring or-
ganic ligands, such as humic acid and fulvic
acids (lversion et al., 1978). To meet the
current need of devising cost effective treat-
ment .and disposal technology, newly iden-
tified biomass (cow-dung) was contemplated
to reduce the treatment cost of metal bear-
ing industrial effluents in lieu of hydroxide
precipitation technique. The conventional
methods, such as chemical precipitation,

cementation, ion-exchange, electro-deposi-
tion, membrane system and activated car-
bon adsorption (Kiff, 1987) are not cost ef-
fective in Indian context. Hence, low cost
non-conventional methods and material are
searched for a long time. Industrial wastes,
such as flyash (Virarghavan et al., 1992),
charred waste of oxalic acid plant (Nandita
et al., 1990), bottom ash (Kaur et a/., 1991),
steel plant granulated slag (Looba and
Pandey, 1993), polymerized onion skin
(Kumar et al., 1981), chitosan (Masri et al.,
1974), low grade manganese ore (Prasad and
Venkobachar, 1988) and agricultural wastes,
such as rice husk, tree bark peanut skin,
walnut expeller meal, paddy husk, rice straw
(Larsen and Schierup, 1981), apple waste
(Maranon et al.,, 1991), microbes (Brierly,
1987), powdered leaves (Sushella et al.,
1985), red wood bark (Randal et al., 1975),
bark samples (Kumar and Dara, 1986) fixed
bed sorption by saw-dust (Shrivastava et
al., 1995) hydrous iron and manganese ox-
ide (Gadde et al., 1974), geothite (Forbes et
al., 1976), Amorphous iron oxyhydroxide
(Benjamin et al., 1981), flyash {(Copper Top-
ics, 2007), modified activated carbons
(Youssef et al., 1992) have been used for
removal of Cu and other heavy metals. Peat-
moss, a complex material containing lignin
and cellulose as major constituents was
found to be economical and convenient
absorbents for the treatment of wastewa-
ter containing Cu and other heavy metals
(Coupal et al., 1976). The biosorption of Cu
was reported by (Aksu et a/., 1998; Murale-
edharan et al., 1995; Green et al., 1987).

SPECIFIC TREATMENT OF COPPER BEAR-
ING WATER/WASTEWASTER

Copper is released into the environment from
solid waste, liquid waste and gas disposal
from mining, concentrator, smelter, electro-
refinery, melting point and misc. units. The
main sources of pollution in copper indus-
try are : Solid wastes from mines, mine wa-
ter and effluents from water treatment
plants, tailings from floatation cells, sulphur
containing gases, bled electrolyte from
electro-refinery piant, acid spilages from
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sulphuric acids, etc. At Hindustan Copper
Ltd., various steps have been installed to
combat pollution and to achieve the goal of
‘zero poliution’ in primary copper industry.
The copper forming industry includes roll-
ing, drawing, extruding and/or forging cop-
per and copper alloys. The products of cop-
per forming vary from wires to brewery
kettles. Five different copper forming pro-
cesses are-Hot rolling, cold rolling, exten-
sion forging, annealing. In addition, there
are some additional processes which may
take place at a copper forming plant include-
Pickling, alkaline cleaning, solution heat

treatment, rolling and drawing process, SO-

lution heat treating and drawing process,
solution heat treating and annealing que-
nches, alkaline cleaning rinse and baths,
pickling baths, rinses and fume scrubbers,
wastes generation (solid wastes, air borne
wastes, water bone wastes, oil and grease
toxic organics and metals). Copper and other
heavy metals can be removed from the waste
stream by alkaline, sulphide, phosphate or
carbonation precipitation, followed by fil-
tration and ion exchange. In many instances,
metals can be recovered from sludges and
ion exchange resins, and every opportunity
to do so should be thoroughly investigated.
Adsorption technology is employed also for
removal for copper from wastewaters efflu-
ents.

Treatment of effluents from tank house

During the electro-refining operations impu-
rities, like Ni, Fe, As, Sb, etc., from anodes
dissolve into the electrolyte but donot de-
posit on the cathode. Consequently, there
is a build up these elements in the electro-
lyte, which is a solution of ecopper sulphate
in dilute sulphuric acid. To maintain the
quality of the. electro-deposited copper, it
is essential to contain the impurity level in
the electrolyte. For this, a certain amount
of electrolyte is bled off from the system
and sent for purification. Purification may
be done in either of the following two ways:

(1) The removal of copper, arsenic and anti-
mony by electrolysis in the liberator cells,
followed by concentration of the liquors for

removal of nickel, iron and zinc, etc.

(2) Essentially, the above procedure is fol-
lowed except that the electrolysis in libera-
tor cells is preceded by the removal of a
part of copper by concentration and crys-
tallization.

The basic principle are same in both the
cases. First the copper is removed from the
electrolyte. This makes possible part removal
of arsenic and antimony by electrolysis and
recovery of nickel in a marketable form .in
the second stage. In one method, the
decopperised solution is concentrated in
vacuum or direct fired evaporators or both.
This concentration removes practically all of
the nickel, iron and zinc and small amounts
of arsenic and antimony in the form of a
sludge. This sludge may be marketed or fur-
ther treated for the production of purified
nickel compounds. The final acid, called the
‘black acid’ is marketed, returned to the main
solution circuit, utilized in other operations
or neutralized with lime and discarded.

In yet another method, copper sulphate is
separated from the other metal sulphates
by fractional crystallization in two more
stages but complete separation of copper
and other heavy metals is not obtained by
crystallization. In subsequent operations,
copper is completely removed in liberator

‘tanks. After removal of copper and the re-

quired amount of arsenic and antimony,
crude nicke! sulphate is produced by con-
centration and crystallization, so that the
possibility of pollution is minimized. The
modern techniques involve the employment
of dialysis to supplement the conventional
methods of purification of electrolytes un-
der favourable conditions. There is a need
to design a plant, which economically fea-
sible (cost effective) cheap operating main-
tenance and total cost.

Effluents from ancillary sources and central
pollution treatment system

Wastewater from water treatment plants
(both demineraliser and softener units) wash
water from tank house and acid plants, over-
flows during power failure, etc., need spe-
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cial treatment facilities to achieve the zero
pollution level (for water effluents) as de-
maqded by legislation. The strategy adopted
for such cases varies from situation to situ-
ation, but one of the main methods is to
install a centralized treatment plant to in-
sure against such situations. Salient fea-
tures of the typical method proposed at
Khetri Copper Complex are : Installation of
independent treatment facilities for indi-
vidual water treatment plants for pH con-
trol. Automatic pH control in neutralization
units for strick check on acidic effluents, if
any from acid plants, segregation of spill-
ages, produced during power failure from
concentration plant, and recover copper
bearing sludge, Independent treatment cir-
cuit for fertilizer section, and installation of
combined effluent treatment plant.

CONCLUSION

In this way, copper industry produces a sig-
‘nificant share to copper pollution in the en-
vironment due to its various industrial
processes. Industrial effluents in the form
of solid, liquid and gas contaminate the en-
vironment. Control of solid and liquid efflu-
ents is relatively easy, but treatment of gas-
eous effluents, that is sulphur dioxide is
very costly. Hindustan Copper Ltd., has
taken various steps to combat pollution and
to achieve the target of ‘zero pollution’ for
the primary copper industry in the country.
A review of the current literature and the
available processes discussed above shows
that an integrated approach is necessary to
remove heavy metals from industrial waste-
waters. To achieve the stringent standards
for efficient disposal into natural bodies of
water, adsorption may be termed as one of
the most expedient approach to the prob-
lem as a final step in & series of techniques
to be used.

Furthermore, the adsorbent systems reported
so far have generally dealt with the theo-
retical thermodynamic and a basic practical
aspects for the removal of one particular
metal only, for example copper or even lead
but in the real life situations, the industrial
effluents coming out of a specific unit, of-

ten contain several other constituents and
more than one metal. It is, therefore, virtu-
ally important that the mechanism and de-
tails of such systems containing two or
more metals should be worked out in full
details so that the same can' be applied for
development of an appropriate ETP system.
There seems to be a good scope for exten-
sion of research work on the above aspect
of removal of the heavy metals which in-
cludes copper also using adsorption tech-
nique. As already mentioned for all these
processes to be developed, the most im-
portant factor would be the cost of the pro-
cess and economic viability of the proposed
system. Virtually, no attempt has been re-
ported in the past highlighting this aspect
or for development of the ETP based on ad-
sorption methodology. This is another area,
which requires serious attention of research
workers, during the next few years. It is an-
ticipated that during the coming years, a
lot of good work will be definitely reported
in this direction and we would have tailor
made systems for the treatment of an ef-
fluent from a specific industrial unit for the
removal of copper and other heavy metals.
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