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ABSTRACT

The main goal today is to adopt appropriate measures and develop suitable techniques for removing heavy
metals from waste water released from industrial operations. The major constituents in the waste water being
generated from the metal finishing processes are cyanides, various metal ions [Fe, Cu, Ni, Ag, Mn, Pb, Zn and
Cr(VI)] oils and greases, organic solvents, acids and alkalies. The characteristics of the waste stream from
electroplating industries are so toxic and corrosive due to the presence of these heavy metals. The present paper
reveals the electroplating industry operations which involve use of heavy metals and toxic chemicals and finally
result in increased contamination and load of these metals in their waste stream discharges. The paper focuses
on various easily available methods as chemical precipitation, low cost novel adsorption through coconut shell,
mango seed and shell, bagasse, waste tea leaves, wood barks and usar soil, membrane processes, which are
capable of 90% -100% removal of these metals, bioremoval methods, removal by minerals and removal by
newer technique as semiconductor photo catalysis technology.
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INTRODUCTION

Heavy Metal term refers to any metallic chemical element that has a relatively high density and is toxic or
poisonous at low concentrations. Heavy metals are natural components of the earth’s crust. They cannot be
degraded or destroyed. They are dangerous because they tend to bioaccumulate which is an increase in the
concentration of a chemical in a biological organism over time, compared to the chemical’s concentration in the
environment &2,

For many years, attention has been devoted to the development of methods for removing heavy metals from
wastewater arising from industrial operations. The most common methods for removing heavy metals have
involved chemical precipitation, ultra filtration, solvent extraction, electrodeposition, biological treatment, ion
exchange and adsorption. Waste water from industries like electroplating, dye, textile, metal, engineering and
pesticides etc contain higher concentration of heavy metal. Plating waste water contains heavy metal at levels
that might be considered hazardous to environment and could pose risks to public health.

The main purpose of electroplating which is transformed in to a process of science and technology since 1930 is
to altar the surface properties of metal or non metal in order to achieve improved appearance (decoration),
improved resistance to corrosion(surface protection). Improved frictional and galling behavior and Increased
hardness at lower cost. The type of plating required is determined on the basis of the appearance desired, the
intended use of the finished article and nature of base material to be plated. Cr, Ni, Ag, Au, Cu and Rd are the
most widely used metals for decorative plating. The base metals and alloys that are the most commonly
subjected to electroplating are steel, brass, copper, nickel, silver, white metal alloys of lead, zinc, tin and
aluminium. Chrome plating is most commonly used for decorative purposes because of its durability and
resistance to chemical attack, abration and tarnish. Steel is most commonly used for construction material which
must be protected from corrosion and chemical attack. The protective coating of zinc, cadmium, and tin is
preferred as it not only protects steel but also does not contaminate the food. Many metals, particularly iron and
steel, undergo some “finishing” before commercial use. This finishing often consists of a coating of some other,
corrosion resistant-metal such as zinc, copper, chrome or nickel. Metal coatings can be applied in several ways.
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The most common of these finishing methods, not only for galvanizing but for the application of all metal
coatings, is electroplating which involves-
Pretreatment- Involves degreasing with soaps, alkaline cleaning, acid dipping, and/or “Desmutting” to remove
fine particles of base metal, particularly aluminium.Alkaline cleaners generally contain sodium compounds such
as sodium hydroxide, sodium phosphate, sodium carbonate, sodium silicate and sodium metal silicate and also a
wetting agent such as kerylbenzene sulfonate. Their prolonged use for aluminium cleaning may lead to the
formation of aluminium oxides precipitates. To increase the quality of the precipitate, citrates, tartrates, or
gluconates may be added. The waste water from the pretreatment stage thus contains dissolved metals plus some
of these cleaning agents.
Plating- The constituents of the waste water from plating operation will depend of course on the metals being
plated and on the nature of the plating bath. Metals that are commonly plated include copper, nickel, chromium,
zinc, cadmium, lead, tin, gold and iron. Each of these can be plated from several types of baths.
Post treatment- This treatment steps include processes such as chromating, phosphating and colouring.
Chromate coatings are applied to a number of metals for protection. The solutions contain chromic acid or its
sodium or potassium salts, nitric acid and some other organic or inorganic acids that function as activators or
catalysts. Phosphate coatings provide a good base for paints and other organic coatings. They also help resist
corrosion or provide a good base for rust preventing waxes and oils &4,
Generally these solutions contain metal phosphates dissolved in phosphoric acid with added nitrates, nitrites,
chlorates or peroxides as catalysts. Colouring is caused by conversion of the metal surface to an oxide or other
compound. The pollutants can be any of a wide variety, but frequently include arsenic, antimony,, mercury,
molybate and permanganate. Copious amounts of waste water are generated through these steps, plating waste
water contains heavy metals at levels that might be considered hazardous to the environment and could pose
risks to public health. Heavy metals in particular are of great concern due to their toxicity ¢ 9,

Composition of electroplating bath

The electroplating bath composition for nickel (watts) and nickel-acid fluoride plating is nickel sulphate, nickel
chloride, nickel fluoroborate, boric acid, phosphoric acid, phosphorous acid, “Stress reducing additives” and
nickel chloride, hydrofluoric acid, citric acid, sodium lauryl sulphate (wetting agent) respectively. For black
nickel plating the bath composition is nickel ammonium sulphate, nickel sulphate, ammonium sulphate, zinc
sulphate and sodium thiocyanate(.

Cyanide is produced on a large scale for use in electroplating and the waste water generated by these industries
contains cyanide complexed with heavy metals (Cu, Ni, Zn, Cd, Cr, Ag and Au etc) of variable stability and
toxicity ©. High concentration of heavy metals in raw water is generally associated with industrial discharges.
Waste water containing heavy metals such as Pb, Cu, Mn, Zn, Fe, Cd, Ni and Cr were analyzed by flame atomic
absorption spectrophotometer ©). The extensive use of Chromium containing compounds in plating industrial
processes releases Cr (VI) resulting in the contamination of surface water and soil. Though Cr is essential
nutrient for plant and animal metabolism, however when accumulated at higher concentration it causes serious
disorders and diseases and it can ultimately become lethal @9,

Adverse Health effect of heavy metal

Heavy metal pollutants are toxic both to the humans and other living beings due to their presence beyond certain
limits @412, The heavy metals are the most harmful and insidious pollutant because of their non-biodegradable
nature. The reason for higher values of these parameters may be ascribed to the disposal of sewage estates,
wastes from metal processing industries and house hold refuses @2, Exposure of human beings to the chrome
bearing dust for longer period will cause skin irritation and corrosion of skin, ulcer formation, lever damage,
respiratory tract infection, nausea, vomiting, severe diarrhea, epigastric pain and hemorrhage 41, Heavy metal
pollutants cause direct toxicity both to humans and other living beings, due to their presence beyond specified
limits. Several of these metals are bioaccumulative and detrimental to human health.

Removal of Heavy metals
a. Removal of heavy metals by chemical methods

Results of a study conducted on the application of sulphide precipitation technique on the removal of lead,
cadmium and silver when they are present together are reported. The results indicate that the sulphide
precipitation technique is effective in simultaneous removal of three or more metals*®. Theoritical hydroxide
precipitation curves normally found in plating baths indicates that there is no one ideal pH for a multiple-metal
system. 7). Heavy metal ions can be removed by precipitation method @ All these “conventional” technologies
such as filtration, chemical precipitation and solvent extraction have raised issues of efficacy when faced with
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low metal concentrations, high start-up or operating costs and low metal selectivity. Conversely, the most
commonly adopted method for the treatment of cyanide contaminated effluent is alkaline chlorination oxidation
process. It is not effective for nickel and silver cyanide complexes due to slow reaction rates ¢9. Other physico-
chemical methods, such as copper catalyzed hydrogen peroxide, oxidation, azonation, -electrolytic
decomposition etc are used for treatment of metal cyanides @9,

Four naturally derived chitinuous materials, commercial cryogenically milled carapace (CCMC), mechanically
milled carapace (MMC), chitin and chitosan, were assessed for their ability to remove a range of transition and
heavy metals from aqueous media in flow through column trials. In general chitin was the least efficient
material for removal of transition and heavy metals (~35 %) while chitosan was most effective (>99%), CCMC
and MMC both removed >90 % of transition and heavy metals tested from solution®®. A thiol-functionalized
layered magnesium phylloslicate material (called Mg-MTMS), prepared by a direct and cost effective co-
condensation synthesis, has been investigated as a high capacity adsorbent for heavy metal ions @2,

Physico- chemical methods, such as chemical precipitation, chemical oxidation, or reduction, electrochemical
treatment, evaporative recovery, filtration, ion exchange and membrane technologies have been widely used to
remove heavy metal ions from industrial waste water. These processes may be ineffective or expensive specially
when the heavy metal ions are in solution containing in the order of 1- 100 mg dissolved heavy metal ions/I >
24)

The metal finishing industry presents one of the most critical industrial waste problems. There is, therefore,
growing interest in developing methods for reclaiming metals from plating waste stream and recovery of water
using membrane technology. The application of reverse osmosis (RO) to the global effluent from the
electroplating industry has been studied and the results show 75-95% recovery of water and nearby total
removal of metals in the permeate®),

The successful treatment of heavy metals in electroplating waste water is done using cellulose acetate

micro filtration membrane and polysulphone ultra filtration membrane for the removal Cr, Cu, Ni and Zn
present in this waste water 9. K.E. Bouhidel and M. Rumeau @7 investigated electro dialysis membrane
fouling (EDMF) by boric acid during nickel salts electro dialysis(ED).This process is used in the nickel
electroplating industry to concentrate and reuse nickel salts and to recycle treated rinse waters. To reduce rinse
water treatment costs, increased emphasis is being placed in metal plating shops on recycling process, low cost
metal recovery and pollution prevention, a technology is designed which is a combination of electrowinning and
electrodialysis unit, that recovers nickel metal while generating a mixed inorganic acid solution that can be
reused in plating shop pickling baths 8,

b. Cheap and natural available Adsorbents for heavy metals removal
A number of low cost novel adsorbents have been tried by several investigators such as fly Ash, bituminous
coal, blast furnace slag, coconut shell, mango seed and shell, bagasse, used waste tea leaves and wood barks®?*-
3% The characteristic properties will help in understanding the nature and selectivity of the adsorbent. Usar soil
was used as absorbent to remove the heavy toxic metals such as Pb, Cr, Ni, Cu and Zn from electroplating
waste and contaminated water. Results of usar soil as absorbent show 100% removal of the heavy metals from
electroplating waste and contaminated water . Natural and activated clays have been investigated as adsorbent
for the removal of Ni from waste water 9, Batch adsorption experiments of Pb, Cu and Zn ions on to waste
fluidized catalytic cracking (F.C.C) catalyst were performed.Adsorption data for each ion were well described
by the Freundlich and Langmuir adsorption models. The removal of Pb, Cu and Zn ions attained values of 97.0
%, 90.5% and 91.5% respectively “3. Several workers studied the removal of lead and copper from aqueous
solutions by using low cost adsorbent like bagasse and fly ash®?,
P.Kumar and S.S. Dara “® studied the removal of lead from aqueous solution using red onion skin. The
chemically activated sugar cane Baggasse carbon (CASBC) adsorbent prepared from a waste material from the
sugar industry was converted in to a sorbent, which exhibit good sorption for both the metals. Sorption of Cu is
higher than Pb“¥. Neem leaf powder was found to be an effective adsorbent for removal of Cr(V1) from
aqueous solution and could be used for treatment of waste water contaminated with heavy metals like
chromium 9,
IbizEa lebbeck pods were used for the treatment of chromium from industrial waste waters in laboratory.
The optimum pH for adsorption was found to be 2.0. The metal removal efficiency was 94-99 %. The
phenomenon of adsorption by biosorbent can be attributed to various mechanisms such as electrostatic attraction
and repulsion, chemical interaction and ion exchange “8).There are reports of removal of Cr from waste water by
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adsorption using low cost adsorbents such as fly ash, baggsse, wheat, straw dust and coconut coir “7), Use of
dhaoda tree bark for the removal and recovery of cadmium ions from industrial waste water is discussed. The
dried and powdered bark is contacted with acidified formaldehyde and the resin product so obtained is highly
efficient in removing Cd?* ions from the solution. The metal ion uptake increases with increasing pH values. It
is also observed that more than 99% of Cd?* ions is removed by substrate from solution instantaneously “®.
Agricultural wastes materials can be used to remove toxic heavy metals from waste water as they are capable of
binding heavy metals by adsorption, chelation and ion exchange. The exchange properties of these wastes can
be attributed to the presence of carboxylic, phenolic, hydroxylic groups “9.The technical feasibility of coconut
shell charcoal (CSC) and commercial activated carbon (CAC) for Cr (VI) removal is investigated in batch
studies using synthetic electroplating waste water. Both granular adsorbents are made up of coconut shell
(Cocos nucifera L.), an agricultural waste from local coconut industries ¢,

The aquatic plants can concentrate heavy metals 1000-20,000 times their concentration in water. Some  of the
plants used for the purpose are Cerato phylum, Lemna, Spirodela, Pistia, Elodea etc but the most outstanding
and promising plant has been water hyacinth ®9,

The use of palsa (Butea monosperma) bark substrate for the retrieval of Cu?*, Pb?*, Zn?* and Ni?* from industrial
waste streams is discussed. The dried and powdered palsa bark in contact with acidified formaldehyde and the
resinous product so obtained was found highly efficient for removing Cu?*, Pb?, Zn?*, and Ni?*, from solution
42, The removal of heavy metals from plating factory waste water with economical materials was investigated
by the column method . Montmorillonite, Kaoolin, tobermorite, magnetite, silica gel and alumina were used as
the economical adsorbents to wastewater containing Cd (I1), Cr(\VI), Cu(ll) and Pb(Il). Since economical
adsorbents used can be obtained commercially because they are easily synthesized the waste water treatment
system developed is rapid, simple and cheap for the removal of heavy metals ©®. The potential of a
lignocellulosic fibre, jute, was assessed for adsorption of heavy metal ions like Cu (1), Ni (1) and Zn (I1) from
their agueous solutions. The fibre was also used as an adsorbent after chemically modifying it by two different
techniques viz, loading of a dye with specific structure, and oxidizing with hydrogen peroxide. Both the
modified jute fibres gave higher metal ion adsorption ¢4,

c. Bioremoval of heavy metals
Existing industrial techniques for the purification of waste water are expensive. Cheaper alternative may be
‘bioremoval’, i.e. concentration of pollutants from aqueous solution using biological material. Adsorption of Cu,
Zn and Cd using two dried seaweeds Ecklonia maxima and Laminaria pallida(order Lamnariales) and Kelpak
waste(also made from Ecklonia maxima), a byproduct from manufacture of seaweed concentrate. Kelpak, were
investigated under lab conditions to determine some factors affecting heavy metal adsorption. Optimum
adsorption occurred at pH 3 and pH 7, Kelpak waste had equal or superior adsorption ability to dried Ecklonia
maxima and Laminaria pallida particularly for Cu, optimum adsorption occurred at 20° C and 30° C, heavy metal
adsorption trends by individual seaweed biosorbent remains constant regardless of the species of anion
present®®),
Biological methods such as biosorption/bio accumulation for the removal of heavy metal ions may provide an
attractive alternative to physico-chemical methods ©9),
Most studies of biosorption for metal removal have evolved the use of either laboratory grown microorganism
or biomass generated by the pharmacology and food processing industries or waste water treatment units ©7-60),
Many aquatic microorganisms, such as bacteria, yeast and algae can take up dissolved metal from their
surrounding on to their bodies and can be used for removing heavy metal ions successfully €V,
Biosorption of metals cations have been studied extensively by several researchers 2 .Biosorption and
biodegradation processes can be used to remove copper cyanide and from plating waste water®), Experimental
studies showed that brown marine algae, Sargassum vulgaris and Padina pavonia, can be used to develop an
efficient biosorbent for heavy metal removal from aqueous solutions 4.
Removal of nickel from the effluent of an electroplating industry by Saccharomyces cerevisae was studied, the
maximum removal was found to be at 2.5 g of biomass within five hours of treatment. The bound metal was
recovered by 0.1 NHCI and the biomass was charged to be reusable. In the regeneration cycle, the efficiency
was not affected in first two cycles. However, it decreased insignificantly in the third cycle ©. Micro organism
uptake metal either actively (bioaccumulation) and / or passively (biosorptuion)(©6-68),
Feasibility studies for large scale application demonstrated that biosorptive process are more applicable than
bioaccumulative process because living system(active uptake) often require the addition of nutrients and hence
increase biological oxygen demand(BOD) or chemical oxygen demand (COD) in the effluent. In addition,
maintenance of healthy microbial population is difficult due to metal toxicity and other unsuitable
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environmental factors. In addition, potential for desorptive metal recovery is restricted since metal may be
intercellularly bound, metabolic product may form complexes with metals to retain them in solution and
mathematical modeling of a non defined system is difficult ¢°79. The use of adsorbent of biological origin has
emerged in a last decade as one of the most promising alternative to conventional heavy metal management
strategies(">7), Efficient removal of dissolved Ni is observed in biologically active moving-bed ‘Meresafin’
sand filter treating rinse water from an electroless nickel plating plant. Analysis of the nickel containing
biosludge using chemical , electron microscopical and X-ray spectroscopic technique confirmed crystallization
of Ni phosphate as arupite (Nis(PO4)2.8H20), together with hydroxyapatite with in the bacterial biofilm on the
filter sand grains ®. A consortium of bacteria(S.R) isolated from electroplating sludge has high capacity to
reduce Cr(VI1), to Cr(lll), Zn(1l), Cu(ll), Ni(ll), ,Cd(Il) and other metal ions were accumulated by the SR
biomass. The heavy metals in sludge can be recovered with microbiological or chemical method and the effluent
can be reused. This process has strong adaptation to the changes of waste water characters. Advantages of the
use of SR are:

Reduces Cr (V1) quickly.

No reagents are used.

There is no secondary pollution.

Less sludge generated.

Complete recovery of Cr, Zn, Cu, Ni, Cd, Pb and Sn.

Reuse of purification waste water.

Treatment processes are easy to be constructed.

Low maintenance and low operation cost.

There are numerous reports documenting the capability of pure cultures of bacteria (7" 8, algae(™® ),
and fungi ©%% to remove heavy metal ions from waste water multispecies communltles of bacteria
removed silver equal 32% of the dry cell weight®®. Metal removal using biological processes is
becoming more widely accepted ,initial studies have shown that the sulphate-reducing bacterial
bioreactor coupled with a membrane can remove up to 90% of the metal ions present in an aqueous
solution ©9),

ONOU AWM

d. Removal of heavy metals by Minerals
The adsorption by different silicate minerals of some heavy metals present in industrial waste water has been
studied. Sepiolite (orera, spain) has an adsorption capacity of 8.26 mg g* for Cd?* the metal adsorbed is in the
order: Cd?*> Cu?* >Zn?*>Ni 2* .This mineral shows the highest sorption capacity relative to the other minerals
studied®®),
Kyanite a commercial mineral has been utilized as an adsorbent for the removal of heavy metals , such as
Ni(ll), Cu(ll), Zn(I1) and Cr(VI) from electroplating waste water .The adsorbed metal ions from electroplating
waste water were recovered by batch as well as column operation using dilute hydrochloric solution @7,
The sorbent behaviour of (natural and exfoliated) vermiculite minerals was studied with respect to metal cations
(Ni, Cu, and Cd) commonly present in waste water of the metal finishing industry .Column studies performed
with this mineral show that a large volume of metal solutions with similar concentration to those usually present
in waste water can be purified down to the legal limit of waste. These positive results validate the use of this
mineral as a cost effective treatment to purify such waste water ®8. Chemically activated saw dust is found to
possess greater adsorption efficiency for all metals than rice husk under identical experimental conditions ©9.

e. New techniques

Reduction by semiconductor photo catalysis technology is relatively new technique for the removal or recovery
of dissolved metal ions in waste water. The process couples low-energy ultraviolet light with semiconductor
particles acting as catalyst and is based on the reduction by the photo generated electrons (90). Waste waters
from industries like electroplating, dye, textile, metal and engineering etc. contain high concentration of heavy
metals. The electroplating waste water has been used to assess the applicability of ecotechnological treatment-
soil scape process. The applicability was tested through lab scale, pilot scale, and field scale studies. The
removal efficiency was observed for COD about 80 %, for BOD 74 % and metallic contaminants 98% at large
scale application ©®. The extraction of hexavalent chromium from aqueous solution by cocobetaine in a mixture
of kerosene and benzene is investigated. The results indicate that in acidic solution the extraction efficiency of
chromium (V1) is excellent. Experimental results show that dichromate ion (Cr.O7 2" ) is the major extractable
species of Cr (VI) at lower pH ©2,
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CONCLUSION

There has been an increasing ecological and global public health concern associated with environmental
contamination by heavy metals but as exposure to them is unavoidable due their use in several industrial,
agricultural, domestic and technological applications they present inescapable recovery and removal
requirement. Heavy metal recovery techniques from waste streams generated from electroplating industry has
gain importance and is equally significant as their detection in industrial effluents. The present paper has
reviewed various removal techniques which are cost effective as material used for the purpose are easily
available and their use in heavy metal removal has not been explored on large scale and in larger interest. These
techniques have the future prospect of strong foundation of green chemistry revolution in India.
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