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Electro-chemical treatment of wastewater
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ABSTRACT: Conventional treatment of industrial wastewater is often ineffective in removing color, especial-
ly from highly colored textile wastewater. This research was undertaken to investigate the removal of color
and COD from textile effluent using electro-chemical treatment system. The effects of applied electric charge
(0-200 Amp-min) and pH on the removal of color and COD have been analyzed. Efficiency of electro-
chemical treatment in removing Arsenic (As) and Chromium (Cr) from synthetic wastewater has also been as-
sessed. In the laboratory electrochemical treatment system, mild steel plates have been used as electrodes in
both parallel and series connections. For color and COD removal, four electrodes each with a surface area of
177.3 cm? and with inter-electrode distance of 2.3 cm in parallel connection have been used in the electro-
chemical cell. Under the experimental conditions, color removal (initial concentration 1070 Pt.Co. unit) ap-
proaching 100% and COD removal (initial concentration 110 mg/l) of over 50% have been achieved. Remov-
al of both color and COD increased with increasing electric charge and initial pH of wastewater sample. The
results suggest that electro-chemical treatment could be very effective for removal of color from textile
wastewater. Electro-chemical treatment has also been found to be very effective in removing As and Cr from
synthetic wastewater samples. Thus, electro-chemical treatment in combination with biological treatment
could provide an efficient treatment solution for highly colored textile wastewater and wastewater containing
heavy metals.

1 INTRODUCTION

The surface and ground waters of Bangladesh have been undergoing severe pollution from untreated domestic
sewage and industrial effluents, especially from textile and tannery industries. In textile industries, dyeing and
finishing are the two most important process operations, which consume large amount of water and generates
considerable amount of wastewater containing strong color, suspended particles, high pH, and high COD and
BOD. The textile effluent is hard to be treated by chemical methods as these techniques generate considerable
amount of sludge, which itself requires further treatment. While the biological methods are relatively cheap,
they are often difficult to apply for treatment of textile wastewater since most commercial dyes are non-
biodegradable and toxic to the organisms resulting in sludge bulking. Biological treatment systems are not ef-
ficient in removing color from highly colored textile effluents. On the other hand, the advanced techniques
such as reverse osmosis/ultra-filtration have the disadvantages of high cost and low throughput. Electro-
chemical treatment in combination with biological treatment could provide a cost effective and efficient
treatment solution for colored industrial effluent.

Electro-chemical treatment of wastewater is a process in which wastewater is treated by passing electricity
through electrodes where wastewater acts as electrolyte in an electro-chemical reactor. Electro-chemical
treatment produces in situ coagulants by dissolution of metal ions from the anode with simultaneous forma-
tion of hydroxyl ions and hydrogen gas at the cathode. This process produces corresponding metal hydroxides
and/or poly-hydroxides which work like coagulants and flocculants to remove the pollutants (Daneshwar et
al., 2004). Gas bubbles are also generated which provide the flocculated particles additional buoyancy to float
at the water surface and also adsorbs pollutants (e.g., oil). Application of electricity introduces strong oxidiz-
ing agents (e.g., H20,, Cl,, H,0,) which oxidize the soluble organic matters in wastewater (Naumczyk et al.,
1996; Vlyssides et al., 1997; Brillas et al., 1995, 1996; Matsue et al., 1981).
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Successful electro-chemical treatment of various industrial effluents has been reported by several research-
ers and it is considered to be a potentially effective technique for treatment of wastewaters with high removal
efficiency. Electro-chemical technology has been adopted successfully to treat various types of water/ waste-
water, such as textile wastewater (Can et al., 2003); heavy metal laden wastewater (Lai and Lin, 2003); land-
fill leachate (Tsai et al., 1997); salina wastewater (Lin et al., 1998). It has also been used for defluoridation
(Zhu et al., 2007), arsenic removal (Balasubramanian and Madhavan, 2001), removal of nitrate (Koparal et al.,
2002), removal of dissolved organic carbon (Jiang et al., 2002), and removal of oil and grease (Chen et al.,
2000). In Bangladesh, research on and utilization of electro-chemical treatment system are rather limited. A
textile industry (JK textile industry, South Dariapur, Savar, Dhaka) has been found to use electro-chemical
treatment for the treatment of its wastewater. In this study, efficiency of electro-chemical treatment system for
the removal of color and COD from textile wastewater has been analyzed; removal efficiency of As and Cr
from synthetic wastewater has also been assessed.

2 MATERIALS AND METHODS
2.1 Experimental setup

The laboratory electro-chemical treatment system used in the present study consists of two components:
(a)Electro-chemical cell/reactor, and (b)DC power system.

a) Electro-chemical cell

The electro-chemical cell consists of body of the cell and electrodes. Body of the electro-chemical cell was
made with a glass biker of 2 liter capacity having 12 cm inside diameter and 85 cm height (see Fig. 1). Four
mild steel plates with a thickness of 0.3 cm have been used as electrodes, arranged parallel to each other. The
dimension of each electrode that remains in contact with wastewater when the biker is filled with 1 liter of
sample is 9 cm (height) by 9.4 cm (width). An inter-electrode distance of 2.3 cm has been kept between each
pair of electrodes. Provisions were made in the cell for both parallel and series connection of the electrodes.

Figure 1. Laboratory scale electro-chemical treatment system

(b) DC power system

A DC (Direct Current) power system was made using stepped down transformer and rectifier to supply DC at
desired voltage to the reactor. The system converted the input Alternating Current (AC) into DC of desired
voltage. Provision was made to regulate the voltage in the range of 20- 25 volts. There was also provision to
change the current density. A digital multi-meter (DT-830 B) of 0-10 Ampere range was used with the power
system to measure the applied current density at different time intervals. Figure 1 shows the electro-chemical
treatment system used in the laboratory.

2.2 Wastewater sample
2.2.1 Textile wastewater

Textile effluent collected after dyeing process from the JK textile industry, South Dariapur, Savar, Dhaka, was
used as wastewater sample for color and COD removal study. The sample was collected on March 10, 2010.
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The characteristics of the wastewater sample are presented in Table 1.

Table 1. Characteristics of wastewater sample from JK textile industry

Parameter Value
pH 9.74
Conductivity, EC (us/cm) 1813
COD (mg/L) 110
Color (Pt-Co units) 1070
TSS (mg/L) 120
TDS (mg/L) 100°C 3000

The laboratory experiments were conducted using parallel connection of the electrodes. An average current
density of 2.5 Amp and a constant DC voltage of 23 volts were applied. The electrodes were washed with tap
water to remove the impurities before the tests were started. Three sets of tests were performed with different
initial pH values in the range of 5 to 11.1 for three samples keeping the other parameters unchanged. NaOH
was used to increase the pH and HNO3;was used to lower the pH of the sample. In each experiment, sample
volume was 1 liter. The current density was found to change with time during the test and was measured at
regular time interval with the help of the multi-meter. Samples were collected from the reactor at different
treatment times with the help of a pipette. After collection, each sample was allowed to settle for 30 minutes
and was filtered with normal filter paper to remove the solids. Electrical conductivity pH, Color and COD of
the collected samples were measured.

2.2.2 Wastewater containing heavy metals

A synthetic wastewater sample containing 30.46 ppm Cr and 511 ppb As was prepared by addition required
quantities of standard 1000 ppm Cr and standard 1000 ppm As solution to groundwater (collected from a deep
tubewell pump station at BUET). The conductivity of the groundwater was increased by adding NaCl (2 gm
per liter of solution); the conductivity was raised to 4.36 ms/cm. Initial sample pH was 7.03 and initial tem-
perature was 26.7°C.

The laboratory experiments were conducted with series connection of the electrodes. A constant DC vol-
tage of 26 volt at an average current density of 1.5 Amp was used. Samples were collected from the reactor at
different treatment times with the help of a pipette. All treated samples were filtered with normal filter paper
before determination of the concentration of As and Cr.

2.3 Analytical techniques

pH and Electrical conductivity were measured using pH/Conductivity meter (WTW, Model:
82362,Germany). COD was determined using potassium permanganate as oxidizing agent, following the
Standard Methods. Color was measured using a Portable Spectrophotometer (HACH DR/2010). Concentra-
tion of Chromium was determined using Atomic Adsorption Spectrophotometer (Flame-AAS). Concentration
of Arsenic was determined using an Atomic Adsorption Spectrophotometer (GF-AAS, Shimadzu, AA-6800).

3 RESULTS AND DISCUSSIONS
3.1 Removal of COD and color from textile wastewater

3.1.1 Effect of applied electric charge

Figure 2 and Fig. 3 show color and COD removal efficiencies, respectively as a function of applied electric
charge for samples with different initial pH values. The figures show increasing removal of both color and
COD with increasing electric charge, similar to the results reported by Chithra et al., (2008). This is because
increased electric charge enhances the anodic dissolution, resulting in a greater amount of precipitates for the
removal of pollutants. In addition, the rate of bubble generation also increases with an increase in current den-
sity, which enhances the pollutant removal efficiency. Figures 2 and 3 also show that higher pH favors remov-
al of both color and COD. Figure 2 shows that nearly 100% removal of color was achieved at an applied elec-
tric charge of about 50 Amp-min for a sample with initial pH of 11.1. With lower pH of wastewater, higher
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electric charge is required to achieve similar removal efficiency. Figure 3 shows that highest COD removal of
about 55% was achieved at applied electric charge of about 130 Amp-min for a sample with initial pH of 11.1;
removal decreases with decreasing initial pH of wastewater. Figure 3 shows that beyond an electric charge of
about 130 Amp-min, the COD removal efficiency reaches a plateau with minor increase in COD removal with
increasing electric charge. The results demonstrate that electro-chemical treatment could be very effective in
removing color, and could also be used to reduce COD to some extent. Thus, a combination of biological and
electro-chemical treatment could be utilized to reduce both color and COD from textile wastewater.
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Figure 2. Removal of color with applied electric charge for samples with different initial pH valueS
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Figure 3. Removal of COD with applied electric charge for samples with different initial pH values

Figure 4. Color of raw sample and samples at different treatment times with initial sample pH of 11.1
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Figure 4 shows the color of raw wastewater sample (initial pH 11.1) and samples at different treatment
times. As shown in Fig. 4, the dark color of the raw wastewater sample turns greenish, brownish and colorless
at 18 minutes, 30 minutes and 45 minutes of treatment time, respectively.

3.1.2 Effect of initial sample pH

Figures 2 and 3 show that the removal of both color and COD increases with increasing initial pH of the raw
wastewater sample. Similar results have also been reported by Chithra et al. (2008), who used electro-
coagulation to treat synthetic bismarck brown dye effluent. The possible reason for this phenomenon is that
hydroxyl ions (OH") act as an aid to form Fe(OH), and Fe(OH); which are major coagulants.

3.1.3 Variation of sample pH and EC with treatment time

Figure 5 shows that the pH of the wastewater sample increases with increase in applied electric charge. This
could be due to the reduction of water at cathode and production of Hydrogen gas (H,) and hydroxyl ions
(OH).

10 4\——-’/* 4

55
T 9
=1

85

8 T T 1
0 50 40 60 Figure 5. Change of sample pH with applied electric charge for the
Applied electric charge (Amp-min) sample with initial pH of 9.74

Figure 6 shows that the Electrical conductivity (EC) of the wastewater sample increases with increasing ap-
plied electric charge. This is most likely due to the dissolution of metal ions at the anode generating ferrous
ions and simultaneous formation of hydroxyl ions at the cathode.
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3.2 Simultaneous removal of As and Cr

Figure 7(a) and Fig. 7(b) show the removal of As as a function of applied electric charge and treatment time,
respectively. An excellent As removal efficiency of 94% was achieved for a synthetic wastewater sample with
an initial As concentration of 511 ppb at an applied electric charge of 12 Amp-min and at treatment time of 7
minutes.
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Figure 7(a). Arsenic removal as function of applied elec-
tric charge

Figure 7(b). Arsenic removal as a function of treatment
time

Figure 8(a). Chromium removal as a function of applied
electric charge

Figure 8(b). Chromium removal as a function of treat-

ment time

Figure 8(a) and Fig. 8(b) show the removal of Cr as a function of applied electric charge and treatment time,
respectively. It shows excellent Cr removal of around 99% for a synthetic wastewater sample with an initial
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Cr concentration of 30.5 ppm at an applied electric charge of 10 Amp-min and at treatment time of 6.5 mi-
nutes. Kongjao et al. (2008) applied electro-chemical technique for removal of chromium and various pollu-
tants from tannery wastewater and reported about 95% removal of chromium from wastewater with an initial
Cr concentration of 14.3 ppm.

4 CONCLUSIONS

It appears that electro-chemical treatment could be very effective in removing color from wastewater; it could
also be used to remove COD to some extent. Under the experimental conditions employed in this study, color
removal approaching 100% and COD removal of over 50% have been achieved. Removal of both color and
COD has been found to increase with increasing initial pH of raw wastewater sample. The pH and Electrical
Conductivity of the wastewater sample have been found to increase with increasing applied electric charge
during treatment. Electro-chemical treatment has also been found to be very effective in removing both As
and Cr from synthetic wastewater samples. The results of this study suggest that electro-chemical treatment,
in combination with other treatment methods (e.g., biological treatment), could be effectively used for the
treatment of highly colored textile wastewater and wastewater containing heavy metals. The findings from
this study could be used to improve the design of electro-chemical treatment systems and modify existing sys-
tems to improve efficiency.
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