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ABSTRACT 
This paper deals with the various sources of heavy metals and the reduction of heavy metals from the 
effluent water discharged from electroplating industries. The various metals present in the waste 
water are found to be lead, chromium, zinc, copper, cadmium, mercury etc., The various methods that 
are available to remove the heavy metals are adsorption, chemical precipitation, sedimentation  
filtration etc. Here precipitation method experimental work has been carried out for the removal of 
some heavy metals from the waste water. The present study deals with the determination of physico-
chemical parameters of electroplating effluents collected from a local industry. Treatment of chrome 
plating effluent water was carried out using the Poly Aluminium Chloride (PAC) and polyelectrolyte 
were selected as coagulant and settling agent respectively at appropriate pH conditions. The 
efficiency of the performance of Poly Aluminum Chloride (PAC) and polyelectrolyte was estimated 
and the optimum conditions were found to be pH 9 at room temperature. The treatment efficiency of 
the chrome plating waste water was also carried out. The result shows the performance of Poly 
Aluminium Chloride (PAC) in treating chrome plating effluent water effectively. This study is 
intended to provide, in layman's terms, a better understanding of the precipitation and coagulation 
process as applied to industrial wastewater treatment. 
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INTRODUCTION 

Water is essential to all forms of life. Water plays 
an important role in life process and in many 
industries. Due to increase in population, reckless 
use of natural resources, rapid industrialization 
and urbanization has resulted into generation of 
huge amount of waste water. The waste ranges 
from simple weak sewage organic and mineral 
material to highly toxic kind containing 
pesticides, detergents, heavy metal and other 
toxic substances. Among the various impurities 
the heavy metal contamination has become a 
very serious problem in recent years. The metal 
contaminants have to be considered as one of the 
important pollutant due to their toxic effects.1 
Discharge of industrial effluents containing 
metallic solutions, dumping of solid waste which 
contains     metal   salts   and   some   agricultural  
practices introduce toxic metals in various 

wastewaters. In addition to the above, the 
effluent from the industries such as paint, 
mining, viscous rayon industries, also contribute 
considerable amount of heavy metal toxicity to 
the natural aqueous system. Metallic 
contaminations such as organo mercuric and 
cadmium components, lead chromium have been 
found to be quite toxic. They not only destroy the 
microorganism but also cause chromosomal 
damage and interfere with the process of heredity 
in humans and animals. It has been noted that the 
metals are considered to be indestructible poisons 
and their dispersion into sea over long periods of 
time may be highly dangerous, since it may 
affect the production of atmospheric oxygen as 
well as marine life.2,3 These points have clearly 
explained the importance of fixing some limits 
for these heavy metals that may occur not only in  
drinking water but also for discharge 
purposes. Increased uses of diverse ranges of *Author for correspondence 
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these hazardous substances in industries often 
find their way into water body meant for 
human consumption. The toxic species that 
are released into the aquatic systems may 
continue to cycle between the sediments. For 
example, a small amount of mercury released 
over three decades had gone into the river 
system and had kept it contaminated to the 
present time with sedimentation mercury 
levels exceeding 240 mg/liter in some places.4 
These examples are sufficient to illustrate that 
the decontamination is an essential task. In 
view of this and the possibility of serious 
threat to public health arising due to 
biological amplification, it becomes a 
necessity to threat waste water before it is 
discharged into various water sources.5  

AIMS AND OBJECTIVES 
This study provides general guide lines on 
how to remove dissolved metals from waste 
water for discharge into sanitary sewer 
systems. The various stages and operations of 
waste water treatment will be discussed. 

MATERIAL AND METHODS 
The raw water used in the experiment was 
taken from local electroplating industry. Its 
temperature is 20°C and the pH is found to be 
2, using the pH meter. In the present study the 
chemicals (ALR grade) used are lime, NaOH, 
Poly Aluminium Chloride (PAC) and 
polyelectrolyte supplied by S.D. Fine 
Chemicals Limited, Mumbai, India. 
Electroplating effluent 
Electroplating industries discharge aqueous 
effluents containing relatively high levels of 
heavy metals, e.g., uranium, cadmium, 
mercury, nickel, chromium and copper. 
Untreated effluents from these manufacturing 
processes have an adverse impact on the 
environment. A specific problem associated 
with heavy metals in the environment is the 
accumulation in the food chain and 
persistence in the environment. Physical and 
chemical    methods   have   been  designed to  
remove metal ions from effluent, but in 
general, these methods are commercially 
impractical, either because of high operating 

cost or difficulty in treating the solid wastes 
generated.  
In electroplating, metals are first dissolved in 
acid, and plated onto the host object by the 
passage of an electric current. In most 
electroplating process, a layer of nickel is first 
deposited as a base on which the ultimate 
surface layer (which may be copper, silver or 
gold) is then deposited.6 
As a result, nickel is one of the most 
commonly occurring metals in the 
electroplating process, and also in the 
discharge effluent. It is estimated that 800kg 
of nickel sulphate is discharged every day by 
the electroplating industry in Coimbatore city, 
Tamilnadu, India. Nickel is discharged as ions 
in the effluent liquid, an ion being a nickel 
atom which has lost two electrons, and hence 
carries two units of positive electric charge. 
Nickel ion, in contrast to the metal itself, is 
easily absorbed if ingested and is toxic in two 
significant ways in poisoning hazards to the 
neural system (neuron-toxic) and also in 
possibly causing gene mutations (mutagenic), 
so the removal of nickel from electroplating 
effluents is a matter of top priority. 
Incidentally, nickel is also expensive, so its 
recovery should pay, in part of all, for the cost 
of the abatement technology. The results 
obtained in the present study are given in 
Table 1 and Table 2. 
Chemical precipitation 
Metals can be removed by precipitation as 
metal oxides/ hydroxides, sulfides, 
carbonates, and phosphates. Selective metal 
precipitants have also been developed in the 
last few years for the removal of toxic metals 
from effluents. Oxidation / reduction 
reactions can also be used for the 
precipitation. Coagulation-flocculation and 
other techniques can also be used in 
combination with precipitation methods to 
treat metal contaminated solutions.7 
Chemical precipitation is a complex 
phenomenon  resulting  from the formation of 
conditions of super saturation. It can be 
described by three steps: (1) nucleation 
germination;   (2)   crystalline growth; and (3)  
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flocculation. Nucleation or germination 
corresponds to the appearance of the first 
germ by condensation of metal salts, followed 
by the growth of this germ until the stage of 
super saturation of the solution and the 
formation of the solid. Soluble metals can be 
recovered in insoluble forms as hydroxides 
according to equation (1) by using several 
alkaline reagents, like [CaO or Ca(OH)2], 
Mg(OH)2, NaOH and  NH4OH. Metal 
precipitation as sulfide, which is described in 
equation (2) is carried out using reagents like 
Na2S,   NaHS,   H2S   or  FeS. The carbonates,  

such as Na2CO3 and CaCO3, can also be used 
for the neutralization of solutions and the 
precipitation of metals. The reaction of 
carbonate ions and divalent metal ions is 
illustrated in equation (3). Although seldom 
practiced, it is possible to remove metals in 
solution through insoluble metal phosphate 
formation as described in equation (4). 
M2+ + 2(OH)− ↔ M(OH)2↓       (1) 
M2+ + S2− ↔ MS↓                             (2) 
M2+ + (CO3)2− ↔ M(CO3)↓                       (3) 
3M2+ + 2(PO4)3− ↔ M3(PO4)2↓                 (4) 

Table 1 : Physico - Chemical  characteristics of electroplating effluents 

Parameter Value Parameter Value 
pH 3.8 Nickel, mg/l 0.5 
Turbidity, NTU 232 Silver, mg/l 0.5 
Conductivity, mS/cm 13.64 Zinc, mg/l 2.0 
Total Solids, mg/l 4380 Iron, mg/l 5.0 
Suspended solids, mg/l 435 Total metals, mg/l 10.2 
Oil and Grease 9.8 Cyanide (free), mg/l 0.2 
Arsenic, mg/l 0.1 Fluorides, mg/l 20 
Cadmium, mg/l 0.1 Trichloroethylene, mg/l 0.05 
Chromium (hexavalent), mg/l 38.12 Phosphorus, mg/l 5.0 
Chromium (total), mg/l 43.54 Sodium, mg/l 631 
Copper, mg/l 0.5 Chlorides, mg/l 668 
Lead, mg/l 0.2 COD 1714 
Mercury, mg/l 0.01   

Table 2  : Industrial electroplating rinsed water characteristics 

Parameter Chromium rinsed Copper rinsed Nickel rinsed Zinc rinsed 
Heavy metals (mg/l) 1558 1020 96.1 28.7 
pH 1.66 1.76 5.21 7.60 
Conductivity (ms/cm) 30.0 8.12 1.55 1.0 
TS (mg/l) 4130 3470 530 1370 
SS (mg/l) 12 4 3 4 
TDS (mg/l) 4118 3466 527 1366 

Preparation of sodium hydroxide solution 
ALR sodium hydroxide pellets were used to 
prepare 10% sodium hydroxide solution, 
which was used to adjust the pH of the raw 
effluent water. Since the raw effluent water 
is highly acidic sodium hydroxide solution is 
used to adjust the pH and it was found that 
the process is effective at pH 9. So, 10% of 
sodium hydroxide solution is used to adjust 
the pH of raw effluent water to 9.  

Preparation of lime (Calcium hydroxide) 
Commercial hydrated lime is a dry powder 
obtained by treating quick lime with sufficient 
water to satisfy its chemical affinity for water, 
thereby converting the oxides to hydroxides. 
Depending   upon   the type of quick lime 
used and the hydrating conditions employed, 
the amount of water in chemical combination 
varies. For example, High calcium hydrated 
lime,   high   calcium   quick   lime produces a  
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hydrated lime containing generally 72 to 74% 
calcium oxide and 23 to 24% water. Hydrated 
lime though only slightly soluble in water 
forms suspensions easily. The resulting 
solution and suspension is strongly alkaline 
possessing a pH of 12-14. In the present study 
10% solution of ALR lime is prepared which 
activates and enhance the coagulating 
efficiency of Poly Aluminium Chloride 
(PAC).  
Preparation of Poly Aluminum Chloride 
(PAC) 
At    present    there    are    two   kinds of 
main coagulants inorganic coagulant and 
organic coagulant. Aluminium sulphate and 
aluminium chloride have the highest output. 
According to the statistic report, the annual 
output of PAC is over 300 thousand tonnes. 
And with its increasing output, PAC has 
become dominant and effective coagulant. It 
is shown in practical applications. The PAC 
has a coagulation effect as good, as two to 
three times of traditional aluminium salts. 
With its much lower price in comparison with 
organic coagulant, it has a great advantage in 
improving water quality. 
Preparation of polyelectrolyte 
Polyelectrolyte may be synthetic or natural 
and are high molecular weight polymers that 
contain absorbable groups, which form 
bridges between particles or charged flocks. 
Cationic polymers adsorb a negatively 
charged colloid or flock particle. Anionic 
polymer replace anionic group on colloidal 
particle and permits hydrogen bonding 
between the colloid and the polymer anionic 
polymer or a junction of pH and alkalinity of 
the water. 
In the present state 0.1% of solution of 
polyelectrolyte which was used to 
agglomerate the flock to larger size and 
gathers dispersed particles improved effluent 
clarity. The coagulation process can be 
enhanced by the addition of coagulant aids 
which strengthens the flock, agglomerate the 
floe to larger size and gathers dispersed 
particles for improved effluent clarity. 
Activated     silica     is  short-chain  polymers  

that promotes the ground of large, rapid 
settling flocks and bind together the particles 
of micro aluminium hydrate, at high dosage 
inhibition of floe formation result due to the 
electro negative properties of silica. For most 
applications the usual dosage 5-10 mg/lit. 
Health effects due to heavy metals 
The investigation of toxic metals destroys 
brain tissue and nerve cells by increasing 
cellular membrane permeability. This allows 
for the leakage of nutrients out of the cells, it 
inhibits enzyme production , cause excessive 
free radical production and decrease cellular 
energy, chromosomal damage and genetic 
alterations,  hormonal problems, damage of 
T-cell production and immune system 
functioning .This opens the gateway for all 
kinds of problems in the body-viral, parasitic 
and bacterial. With the bodies deference 
mechanisms impaired the body cannot 
efficiently eliminate toxins.8,9 
Experiment 
The raw water is taken in a beaker and 10% 
solution of sodium hydroxide is added to 
adjust the pH of the raw effluent water.10% 
solution of lime was added to the effluent. 
Added lime entrapped the colloidal particles 
and made them dense. 10% solution of Poly 
Aluminium Chloride (PAC) was added to the 
effluent and 0.1% of polyelectrolyte solution 
was added after the addition of lime and poly 
aluminium chloride. Soon after the addition 
of polyelectrolyte, the coagulated flocks 
coalesced and settled down immediately. The 
sludge formed at the bottom and the 
supernatant water was separated. Then the 
effluent water was filtered by sand 
filtration.The sand filter consists of four 
layers; bottom most layer being pebbles over 
which layers of coarse sand/graded sand of 
mesh 10, 16and 20 with heights of 0.25m for 
each layer respectively where placed to form 
the sand bed filter. The major portion of 
heavy metals got removed through the sludge 
and sand bed filter removed traces of the 
same present in supernatant.10,11 The 
analytical results are obtained in Table 3.  
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Table 3. Analytical results for raw and treated water 
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2.5 41.5 8 10 10.5 11 4.8 9.5 Slow flock  
formation 

2.5 41.5 8.5 10 10.5 11 4.8 9.5 Slow flock 
 formation 

2.5 41.5 9.0 10 10.5 11 6 9.5 Quick flock formation 
settling time less 

2.5 41.5 9.5 10 10.5 11 6.5 9.5 Quick flock formation 
settling time is more 

2.5 41.5 10 10 10.5 11 6.5 9.5 Quick flock formation 
settling time is more 

RESULTS AND DISCUSSION  

Effect of pH 
The effect of pH on the removal of heavy 
metals was examined because the wastewater 
from plating factory was of various pH values. 
Effluent from plating industry was analyzed 
and found to be acidic. Effluent sample were 
adjusted to pH values ranging from 8-10.1 The  

effect  of  coagulation could then the compared 
for every value of pH is shown in Fig. 1.   From 
the experimental table it is evident, that pH 9 is 
optimum for coagulation process. It could also be 
seen that when pH is less than 9 the flock 
formation is poor and if the pH is greater than 9, 
the settling time is very poor. It is found that the 
pH 9 is optimum for this process.12-14 

 
Fig.1 :  Effect of pH 

Effect of polyelectrolyte 
The coagulation process can be enhanced by 
the addition of coagulant aids, which 
strengthen the flock, agglomerate the floe to 
larger size and gathers dispersed particles for 
improved efficient clarity. Activated silica is 
a short chain polymer. That promotes ground  

of large, rapid settling flocks and bind 
together. The particles of micro aluminium 
hydrate, at high dosage inhibitions of flock 
formation results is shown in Fig. 2.  Due to 
the electro negative properties of the silica 
for most applications the usual dosage is 5-
10 mg/lit. 
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Fig. 2 : Effect of dosage 

Effect of Poly Aluminum Chloride (PAC) 
Addition of Poly Aluminium Chloride (PAC) 
helps rapid formation of flocks. Poly 
Aluminium Chloride (PAC) has a wide range 
of dosage and it is well suitable for the variety 
of alkalinity organics in the water. It has better 
coagulation effect even in low temperature. 
Effect of sodium hydroxide 
10% of sodium hydroxide solution was used to 
adjust  pH  of the raw effluent water.  Since the 

pH is found to be an important factor for this 
process, NaOH is added to raise the pH value 
of the raw water to the optimum. 
Effect of lime 
Lime along with the coagulant Poly Aluminium 
Chloride (PAC) facilitates the production of 
dense flocks. Addition of lime improved the 
density of the flocks formed during coagulation 
and helped the flocks formed to have better 
settling time is shown in Fig. 3. 

 
Fig. 3 : Effect of settling time 

CONCLUSION 
A simple and cost effective treatment procedure 
was proposed for the removal of heavy metals 
from chrome plating industry effluent namely 
using coagulants Poly Aluminium Chloride 
(PAC), polyelectrolyte and lime. The coagulating 
process    is    influenced    by   the   addition    of  

polyelectrolyte and lime. This process is quite 
compact low cost process, which needs, less 
time and small area. It is also evident from the 
report that during this process the metal like 
chromium is removed to certain extent. The 
most important thing is the sludge that   
contains   precipitated   metal   hydroxide 
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solids made up of indefatigable quantities of 
heavy metals which are regulated according to 
pollution control guidelines. The sludge 
produced from heavy metals waste water 
treatment is called hazardous waste and hence 
has to be stored on an impervious lined 
storage, so that the leachates of the same do 
not reach the land /earth as per pollution 
control board norms. 
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