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1. Introduction 
 

Metal electroplating wastewater contains numerous 

types of metals ions including harmful heavy metals and 

other toxic compounds such as nickel, chromium, copper, 

and cyanide. In order to protect ecosystems in natural 

streams and lakes from the exposures of these contaminants, 

electroplating wastewater should be treated before its 

discharge to the aquatic systems (Feng et al. 2019). Several 

treatment processes including precipitation, adsorption, ion-

exchange, and reverse osmosis filtration, are employed to 

remove the harmful ions from the wastewater (Fu and Wang 

2010). One of the conventional treatment process for the 

metal plating wastewater is the line-soda precipitation, 

which produces large volumes of sludge and sometimes 

provides insufficient removal efficiency for discharge to the 

aquatic environments. The adsorption has impeded by 

increases in adsorbent prices and ineffective reactivation of 

the exhausted adsorbent. 

The advanced processes such as ion-exchange resin and 

membrane processes recently gain attentions for the high 

removal efficiency. Electro-dialysis (ED) is one of 

membrane process, in which ions in the feed are separated 

by ion-exchange membranes (IEMs) during ion transport 

due to the electrical forces. The ED has been used to treat 

industrial wastewater, brackish water, municipal wastewater, 

heavy metal removal and desalination (Choi et al. 2016, 
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Park et al. 2017, Al-Amshawee et al. 2020). The advantages 

of ED include higher water recovery rates compared to 

reverse osmosis (RO), easy operation, long membrane 

lifetime, and capability to operate at high temperature. 

However, the higher cost of IEMs limited ED installation 

capacity compared to RO membrane. Huang et al. (2007) 

also indicated that fouling in IEMs restricted scaling up and 

applications of ED. 

The ED shows high efficiency on separation of 

inorganics, which is essential for the success of the removal 

of the heavy metals. Selective removal of specific 

inorganics such as Mg2+, Ca2+, and Na+ has been achieved 

through use of selective IEMs (Choi et al. 2016). The ED is 

occasionally incorporated with electrolysis and electro-

deionization for recovery of the heavy metals. The elevated 

concentrations of rejected ions in the retentate compartment 

are introduced to the electrolysis and the target ions are 

selectively precipitated and recovered. Membrane fouling 

occurs by particles, organic matter, inorganic ions, and 

growth of microorganisms depending on rejection rate of 

the specific membranes. For instance, low-pressure 

membranes such as microfiltration and ultrafiltration reject 

particles and some organic matter (Iritani et al. 2014, Zhang 

et al. 2014) but do not reject inorganics, therefore, particle 

fouling and some organic fouling occur and no inorganic 

precipitation appears. In ED, inorganic ions are transported 

through ion-exchange membranes and thus counter-ions are 

accumulated on the concentrate compartment. The rejected 

cations by anion-exchange membranes are the major 

inorganic foulants in ED. The fatty oils and surfactant are 

also included in the electroplating wastewater. Those are 

common additives to increase anti-corrosive properties of 

metal-coated products. Lafi et al. (2019) mentioned the 
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Fig. 1 Schematic diagram of neutralization and ED 

processes in this study 

 

 

importance of interaction of inorganic and organic matter. 

In the study, a cationic dye solution showed fouling due to 

electrostatic interaction between cations of dyes and the 

fixed charges in the ion-exchange membrane and affinity 

interactions. Woźniak et al. (2014) suggested the removal of 

heavy metals and organic matters prior to ED due to the 

fouling on the IEMs surface. The precipitation was 

considered as a pretreatment of ED for the removal of 

inorganics and organic matter, which might yield fouling 

during the ED operation. The neutral pH was used to avoid 

production of massive sludge. During the precipitation, 

organic matter could play roles for the crystallization 

processes of inorganics. In this study, a wastewater from the 

metal plating industry was collected and the performance of 

ED for the removal of heavy metals was evaluated using the 

raw wastewater and the treated water by NaOH 

precipitation. In addition, composition of the organic matter 

in the metal plating wastewater was analyzed to understand 

its effects on the precipitation and on the fouling in the 

concentrate compartment. 

 

 

2. Methods and materials 
 

2.1 A metal plating wastewater  
 

The wastewater treatment plant for the metal plating 

industries is located at the city of Namyangju (Gyunggi, 

Korea). About 40 L of the wastewater was collected in 

March, transferred to the laboratory, and stored at the 

refrigerator before use. The NaOH with a concentration of 1 

M was used to neutralize the wastewater. The water 

qualities were analyzed and summarized in Table 1. The pH 

of the raw water was substantially acidic and the 

conductivity was also very high. The neutralization showed 

a higher removal of Cu with approximately 93%, compared  

 

 

to the 60% removal of Ni and 69% removal of Zn. The 

conductivity was reduced only 46% by neutralization, 

which indicated that there were many other metal ions with 

less removal rates than the above three metal ions. The 

dissolved organic carbon (DOC) of the raw water was 153.0 

mg/L and the DOC concentration was reduced 48.5% by 

neutralization. 

 

2.2 Electrodialysis 
 

An ED system (CJ-S3, Changjo Techno Co. Ltd., Korea) 

was installed at the laboratory. The system was consisted of 

a diluate solution tank, a concentrate solution tank, an 

electrolyte solution tank, an ion-exchange membrane stack, 

and pumps. The ED cell was packed with five pairs of ion 

exchange membranes (cation and anion) and a pair of 

platinum plated titanium electrodes (anode and cathode). 

The ion exchange membranes were the NEOSEPTA® 

series membranes (ASTOM Co. Ltd., Japan). The cation 

exchange membrane was CMX-SB and anion exchange was 

AMX-SB. The surface area of each ion exchange 

membrane was 13.75 cm2, and the total ion exchange 

membrane area of the stack of five membrane pairs was 275 

cm2. A schematic diagram of the experimental setup is 

shown in Figure 1. The limiting current was measured by 

increasing voltage stepwise. The volts started at 1 volt and 

increased to 30 volts for the raw water and to 50 volts for 

the neutralized water. The current measurement was 

conducted for five minutes at each voltage. The limiting 

current was occurred at the voltage of 8 with a value of 21.6 

mA/cm2 for the raw water and that of 46 with a value of 

60.0 mA/cm2 for the neutralized water. The ED 

performance was compared at the applied voltage of 8 using 

the raw and the neutralized waters. The effects of applied 

voltages were evaluated at the voltage of 8V and 30V with 

the neutralized water. 

 

2.3 Analytical methods 
 

The metal concentrations in the diluate and concentrate 

solutions were analyzed to evaluate their separation 

efficiency by electrodialysis. All samples were filtered with 

a 0.45 μm syringe filter to remove suspended solids. Copper 

and nickel were measured using inductively coupled plasma 

optical emission spectroscopy (ICP-OES, ICP-6000, 

Thermo Fisher Scientific Inc., U.S.A.). The electrical 

conductivity and pH of the solution were measured using an 

Orion 5 Star instrument (Thermo Fisher Scientific Inc., 

U.S.A.). To observe chemical properties of organic 

compositions of the raw water and the neutralized water, the 

Fourier - transform infrared spectroscopy (FT -IR, 

Thermoscientific, U.S.A.) was employed. To analyse the 

infrared spectrum, each 50 mL of the sample water was 

Table 1 Key water qualities of the raw and neutralized wastewater 

 
pH 

(-) 

Conductivity 

(mS/cm) 

Cu2+ 

(mg/L) 

Ni2+ 

(mg/L) 

Zn2+ 

(mg/L) 

DOC 

(mg/L) 

Raw 1.7 18.4 419.0 185.4 21.6 153.0 

Neutralized 6.0 10.0 27.5 73.8 6.6 78.8 
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Fig. 2. Changes of conductivity during ED at 8 volts. (a) the raw water, (b) the neutralized water 

 

Fig. 3. Changes of current density during ED at 8 volts. (a) the raw water, (b) the neutralized water 

 

Table 2 Ion concentrations and removal rates in diluate compartment of the ED operation with the raw water  

Time (min) Cu (mg/L) Ni (mg/L) Cr (mg/L) Zn (mg/L) 

0 
419.0 

(-) 

185.4 

(-) 

16.3 

(-) 

21.6 

(-) 

5 
222.7 

(62.6%) 

99.4 

(62.5%) 

11.4 

(38.9%) 

12.1 

(60.2%) 

10 
156.9 

(74.9%) 

69.7 

(75.0%) 

10.0 

(44.7%) 

8.6 

(72.5%) 

15 
105.2 

(84.9%) 

46.4 

(85.0%) 

9.0 

(52.3%) 

3.9 

(82.3%) 

20 
63.2 

(91.9%) 

27.7 

(92.3%) 

7.8 

(61.1%) 

3.8 

(89.7%) 

25 
34.1 

(96.1%) 

14.2 

(96.6%) 

6.4 

(67.0%) 

2.2 

(93.4%) 

30 
16.6 

(98.1%) 

6.3 

(98.6%) 

5.0 

(75.0%) 

1.4 

(95.6%) 

Effluent standard for discharge 1.0 0.1 0.5 1.0 

  

Table 3 Ion concentrations and removal rates in diluate compartment of the ED operation with the neutralized water  

Time (min) Cu (mg/L) Ni (mg/L) Cr (mg/L) Zn (mg/L) 

0 
24.3 

(-) 

77.0 

(-) 

0.025 

(-) 

5.8 

(-) 

5 
15.4 

(36.6%) 

51.6 

(33.0%) 

0.025 

(-) 

3.9 

(32.9%) 

10 
. 103 

(57.6%) 

36.3 

(52.8%) 

0.025 

(-) 

2.7 

(52.9%) 

15 
6.5 

(73.3%) 

24.2 

(68.5%) 

0.025 

(-) 

1.8 

(68.2%) 

20 
3.9 

(83.9%) 

14.9 

(80.6%) 

0.015 

(40.0% 

1.0 

(82.0%) 

25 
2.4 

(90.0%) 

8.675 

(88.7%) 

0.015 

(40.0%) 

0.6 

(90.0%) 

30 
1.6 

(93.4%) 

4.7 

(93.8%) 

0.005 

(80.0%) 

0.3 

(95.2%) 

Effluent standard for discharge 1.0 0.1 0.5 1.0 
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dried using a freeze dryer (Ilshin Lab co., Ltd. Korea) for 24 

hours at a vacuum pressure of less than 50 mTorr at -40'C. 

The dried powder was mixed with the KBr (potassium 

bromide, Sigma Aldrich) at a ratio of 1:100, for which 0.1 g 

of KBr was mixed with 0.001g of sample water. The mixed 

specimen was then compressed and scanned using the FT-

IR (Thermoscientific, U.S.A.) devices. 

The powder of humic acid (Sigma Aldrich, U.S.A.) and 

sodium alginate (Sigma Aldrich, U.S.A.) from the bottle 

was directly used to be mixed with KBr without the freeze 

drying procedure. Another technique, i.e., the fluorescence 

excitation-emission matrix (F-EEM) was used as an 

analytical method for qualitative analysis of organic matter. 

The water samples were filtered with 0.45μm syringe filter, 

placed in a 1-mL volume of the quartz cell, then the EEM 

spectra was scanned by a spectroscopy (RF-5301, 

Spectrofluorometer, Shidmazu, Japan). The samples were 

diluted with distilled water so that they did not exceed a 

fluorescence intensity of 1,000 arbitrary unit (a.u.). The 

excitation (Ex) wavelengths of 220 nm to 400 nm were 

scanned and the emission (Em) wavelengths of 280 nm to 

600 nm were scanned. The measured intensities were 

visualized by creating a 3-D Contour plot using MATLAB 

7.8 (Mathworks, Natick, MA, U.S.A.). 

 

 

3. Result 
 

3.1 Conductivity and current density 

 

The conductivity changes during ED were evaluated to 

understand ion separation efficiency. The potentiostatic 

voltage mode was used to maintain 80% of the limiting 

current density. The applied voltage was 8 volts for the raw 

and the neutralized water. In addition, the constant voltage 

mode is safer than a constant current because a 

galvanostatic mode with constant current could produce 

occasionally high voltages across the membrane when small 

amounts of ions are remained in the diluate compartment 

(Gherasim, et al. 2014). The conductivity of the raw water 

became constant after approximately 25 minutes of 

operation was conducted and the infinitesimal reduction 

was occurred later on as shown in Figure 2. The 

conductivity of the raw was 18.4 mS/cm and that was 

decreased to 0.5 mS/cm after the 30 minutes of the 

operation. The reduction rate of the conductivity was 97.3%. 

As shown in Table 1, the neutralization removed 

approximately 46% of the conductivity, thus the initial 

conductivity of the treated water was 10.0 mS/cm and it 

was reduced steadily to 0.7 mS/cm during 30 min of the ED 

operation. 

The reduction rate was 93%. However, the current 

density was decreased gradually as shown in Figure 3. The 

applied voltage is a critical factor for the ED operation 

because the voltage determines the current in the ED, which 

affects the separation efficiency of metals and also energy 

consumption (Banasiak et al. 2007, Walker et al. 2014, 

Scarazzat et al. 2015). 

The ion separation exerted by conductivity reduction 

might change the pH of diluates and concentrates. The pH 

of the raw water was 1.7 and that of that of the neutralized 

water was 6.0 as shown in Table 1. During the ED, the pH 

was measured at every five minutes. The pH of diluate was 

increased gradually and the pH of the concentrate was 

decreased slowly, regardless of feed water. The rate of 

change was more rapid in the diluate part. The study by 

Walker et al. (2014) showed the same pattern such that the 

increase in pH of the diluate and the decrease in pH of the 

concentrate. The authors noted that the causes of pH 

variations included concentration polarization in the 

boundary layer, water dissociation, transferring of weak 

acid through anionic exchange membranes, membrane 

selectivity, and diffusivities differences of cations and 

anions. 

 

3.2 Separation efficiency of heavy metals during 
ED 

 

The electroplating wastewater contains various 

hazardous metal ions including Cu, Ni, Cr, and Zn. The 

separation efficiencies of those metal ions in the raw 

wastewater are summarized in Table 2 and Figure 4. The Cu 

concentration was the highest, i.e., 419 mg/L among the 

other metal ions. Copper coatings are used for corrosion 

protection and for producing smooth and uniform coverage 

by reacting other metal ions. For instance, the less reactive 

copper coating protects the more reactive iron from attack 

by acidic reagents. Nickel, chrome and zinc are also used to 

make decorative or non-corrosive metal surfaces. Chrome 

plating is sometimes applied to make surface for easy 

cleaning or surface hardness. The reduction rates of the 

metal ions in the diluate were ranged in between 

75.0%~98.6% with the 30 minutes of ED operation of the 

raw water. The removal rate was 98.6% for Ni, 98.1% for 

Cu, 95.6% for Zn, and 75.0% for Cr. However, all the in 

concentrations in diluate compartment was not able to 

satisfy the effluent standard for discharge in Korea with 30 

minutes of operation. 

The removal rates of the metal ions in the neutralized 

water are presented in Table 3 and Figure 5. The neutralized 

water contained greatly low amounts of ions such that the 

initial concentrations were 24.3 mg/L for Cu, 77.0 mg/L for 

Ni, 0.025 mg/L for Cr, and 5.8 mg/L for Zn. The Cr 

concentration after the neutralization already met effluent 

standard of discharge in Korea, which indicating that the 

neutralization process was very effective to remove 

chromium ions from the wastewater. The reduction rates 

with 30 minutes of ED operation were 93.4% for Cu, 93.8% 

for Ni, and 95.2% for Zn. The Zn was effectively removed 

by ED such that only about 20 minutes of ED operation was 

enough to satisfy the effluent standard for Zn discharge. 

However, the Cu and Ni ions were difficult to lower the 

concentration below the effluent standard with these 

operating conditions. The Cr separation in ED was 

relatively slow compared to Cu, Zn, and Ni for the raw and 

the neutralized waters. The separation of ions is achieved by 

transport of the ions through membranes. Van der Bruggen 

et al. (2004) noted that the characteristics of the ion 

exchange membranes explained the slow transport of 

multivalent ions. The cationic exchange resin of the  
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membrane strongly retained the higher charged ions than 

the monovalent ions which yielded the slow transport rate 

through the cation exchange membrane. It should be note 

that the majority of chromium in the raw water taken from 

the wastewater plant in this study was a hexavalent form of 

chromium. Marti-Calatayud et al. (2018) also emphasized  

 

 

that diverse phenomena might arise during transport of 

multivalent ions through cationic exchange membranes 

under severe concentration polarization conditions and 

membrane selectivity and current efficiency in the electro-

membrane processes might be influenced by the speciation 

and the form of complex species of multivalent ions. 

 

Fig. 4. Removal of metal ions during ED operation for the raw water. (a) Cu and Ni, (b) Zn and Cr 

 

Fig. 5. Removal of metal ions during ED operation for the neutralized water. (a) Cu and Ni, (b) Zn and Cr 

 
Fig. 6. ED performance at 30 volts with the neutralized water. (a) conductivity and (b) current density 

 

Table 4 Ion concentrations and removal rates in diluate compartment of the ED operation with the neutralized water at 30 

volts 

Time (min) Cu (mg/L) Ni (mg/L) Cr (mg/L) Zn (mg/L) 

0 
30.6 

(-) 

70.5 

(-) 

0.19 

(-) 

7.5 

(-) 

5 
13.76 

(55.0%) 

23.46 

(66.7%) 

0.07 

(65.8%) 

2.9 

(61.7%) 

10 
3.91 

(87.2%) 

3.7 

(94.8%) 

0.07 

(63.2%) 

0.9 

(87.4%) 

15 
1.09 

(96.4%) 

0.895 

(98.7%) 

0.04 

(78.9%) 

0.5 

(92.8%) 

20 
0.65 

(97.9%) 

0.675 

(99.0%) 

0.03 

(84.2%) 

0.5 

(93.2%) 

25 
0.51 

(98.3%) 

0.565 

(99.2%) 

0.03 

(86.8%) 

0.5 

(93.0%) 

30 
0.66 

(97.8%) 

0.62 

(99.1%) 
Not available 

0.7 

(91.1%) 

Effluent standard for 

discharge 
1.0 0.1 0.5 1.0 
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3.3 Effects of applied voltages on ED operation 
with the neutralized water 

 

The applied voltage was increased to understand its 

effects on the ED performance and to improve ion 

separation rate for satisfaction of the effluent standard of 

discharge in Korea. The applied voltage determines the 

current in the ED, which affects the separation efficiency of 

metals and also energy consumption (Walker et al. 2014, 

Scarazzat et al. 2015). Fig. 6 shows the changes in 

conductivity and current density at the 30 volts. The 

conductivity change was substantial and it was reduced to 

0.9 mS/cm after just 10 minutes of ED operation. The 

reduction rate was 89.5%. However, the current density was 

decreased substantially corresponded to the decreases in the 

conductivity. The removal rate with the neutralized water at 

the 30 volts of the applied voltage was summarized in Table 

4. The removal was greater compared to the results from the 

applied voltage of 8 volts. The removal of Cu and Zn was 

great and could meet the standard with 20 min and 10 min 

of ED operation, respectively, which indicating that the 

short operation time was required due to the high applied 

voltage. However, the Ni concentration at the diluate could 

not achieve the concentration below the standard even with 

the high voltage of 30 volts. 

 
 
3.4 Removal of organic matter in ED 
 
Although a majority of the metal plating wastewater was 

inorganic ions, some organic matter were also present in the 
wastewater due to the fatty acid and surfactants, which were 
added to increase resistances to corrosion of the coated 
surfaces (Feng et al. 2019). The DOC concentration of the 
raw water was 153.0 mg/L. The reduction of organic matter 
occurred steadily and 45.8% of the organic matter was 
removed with 30 minutes of ED operation. The 
neutralization reduced approximately 36–42% of organic 
matter of the raw water, so the initial DOC concentration in 
the neutralized water was 89.0–98.5 mg/L. The reduction of 
DOC with the neutralized water was increased with 
increasing operating time. The final DOC concentrations of 
the diluate were 55.8 mg/L at 8V and 40.8 mg/L at 30V. The 
DOC removal rate by ED was ranged in 43.3–54.2% for the 
neutralized water. The removal pattern of organic matter 
was corresponded with the increases in the voltage. The 
removal of inorganic ions were directly related with the 
applied voltage since the driving force of separation was 
electrical potential. Similarly, the removal of organic matter 
might be also governed by the transport by the electrical 
force. In addition, the reduction of the DOC concentration 
was gradual with 8 V of operation and it was substantial at 
the relatively early time of ED operation with 30 V of 

 

Fig. 7 Removal of metal ions during ED operation for the neutralized water at 30 volts. (a) Cu and Ni and (b) Zn and Cr  

 

Fig. 8 Reduction of DOC during ED. (a) the raw water and (b) the neutralized water. 

 

Table 5 Variations in DOC concentrations during ED 

Time(min) 0 5 10 15 20 25 30 

Raw water 153.0 
130.3 

(14.8%) 

120.7 

(21.1%) 

114.0 

(25.5%) 

101.9 

(33.4%) 

95.0 

(37.9%) 

82.9 

(45.8%) 

Neutralized water 

(8V) 
98.5 

91.5 

(7.1%) 

82.3 

(16.4%) 

74.8 

(24.0%) 

66.3 

(32.7%) 

58.8 

(43.3%) 

55.8 

(43.3%) 

Neutralized water 

(30V) 
89.0 

62.5 

(29.8%) 

48.8 

(45.2%) 

43.4 

(51.3%) 

40.9 

(54.1%) 

41.2 

(53.7%) 

40.8 

(54.2%) 
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operation. For instance, the rapid reduction was occurred in 
the 10 minutes and the reduction was almost sustained at 
relatively constant values 

The organic matter in the metal plating wastewater is 

mainly composed of fatty oils and surfactants. There are 

various surfactants having anionic or cationic or nonionic 

properties. For instance, the sulfated fatty acid potassium 

has a molecular structure of R-(CH2)8-CH-(CH2)7-COOK(-

OSO3K) and known as an anionic surfactant (Abbasov et al. 

2013). The surfactants with anionic and cationic charges 

could transport to the boundary layer near the membrane 

surfaces due to the electrical force and involve in reactions 

in the boundary layer at the condition of elevated 

concentrations of rejected metal ions. The surfactant could 

also go through the ion-exchange membrane. However, 

molecular diffusivities of the surfactants would be small 

compared to the inorganic ions, therefore, their removals 

were low. In addition, increases of the DOC of the 

concentrates could affect inorganic fouling by complexing 

inorganics. 

The organic compositions of the raw water and the 

neutralized water were examined with the Fourier-transform 

infrared (FTIR) spectroscopy. The water samples were 

collected from the feed and concentrates after the ED thus 

four water samples were analyzed as shown in Figure 9. 

The peaks of the model compounds of humic acid and 

alginic acids were also examined and presented in Figure 10. 

The characteristics peaks of humic acid and alginic acids 

were notified in the several wavelengths including O-H 

(3400nm), C=O and C=N bond (1578 nm and 1630 nm) and 

C-O bond (1388 nm and 1421 nm). The characteristic peaks 

were also observed in the sampled water, which indicating 

there were humic-like and polysaccharide-like organic 

matters in the raw and the neutralized water. 

 

 

The 3-dimensional fluorescence spectra of EEM were 

also analyzed to understand characteristics of organic 

composition (Figure 11). The abscissa and ordinate 

represent the emission and excitation wavelength ranges, 

which are 280–600 nm and 220–400 nm, respectively. 

Several researchers investigated the specific fluorescence 

spectral signatures to elucidate the properties of organic 

matter (Coble et al. 1996, Hudson et al. 2007, Park et al. 

2019). Intensity peaks located in Em 300 nm and Ex 270 

nm and Em 360 nm and Ex 230 nm are in general 

recognized as soluble microbial by-product-like substances 

such as tryptophan and protein. Similarly, intensity peaks 

between Em 440 nm and Ex 270 nm and Em 430 nm and 

Ex 320 nm are known as indicative peaks of fulvic-like and 

humic-like substances. The raw wastewater and the 

concentrates from the ED operation showed strong peaks in 

between Ex wavelengths of 280 nm and 480 nm and Em 

wavelengths of 220 and 240 nm. In addition, a discrete peak 

at Ex 300 nm and Em 270nm. The characteristic peaks 

implied that the organic compositions in the raw and 

neutralized water were more likely soluble microbial 

products rather than humic-like substances since there were 

only vague trace of fluorescence in Em 430–440 nm and Ex 

270–320 nm. The neutralization process seemed to reduce 

some organic compounds which expressed fluorescence in 

Em 440 nm and Ex 310 nm and in Em 440 nm and Ex 230 

nm. However, most of parts of the neutralized water showed 

similar intensities to the raw water. 
 
 

4. Conclusions 
 

A wastewater from the metal plating industry was 

collected and the performance of ED for the removal of 

heavy metals and organic matter was evaluated using the 

 

Fig. 9 The FTIR spectra of (a) feeds and concentrates of the raw and neutralized waters (b) the model organic compounds 

 

Fig. 10 The EEM spectra of (a) the raw water and (b) the neutralized water 
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raw water and the treated water by NaOH precipitation. The 

ED was effective to separate metal ions thus the operational 

time of 30 minutes was enough to reduce conductivity by 

97.3% for the raw water and by 93% for the neutralized 

water. The removal of the hazardous heavy metal ions such 

as Cu, Ni, Cr, and Zn was great with respect to the 

percentage since the percent removal reached to more than 

90%. To meet the standard for the wastewater effluent 

discharge, it was necessary to apply neutralization prior to 

ED. The high concentration of metal ions required the 

longer than 50 minutes of the ED operation. The 

composition of the organic matter in the metal plating 

wastewater was analyzed and the compositions were 

maintained in the raw and the concentrate samples. The 

neutralization process was capable to reduce some amounts 

of organic matter which exhibited fluorescence in Em 440 

nm and Ex 310 nm and in Em 440 nm and Ex 230 nm. The 

organic matter in the raw water was reduced by the 

neutralization, which might enhance removal performance 

and mitigate organic fouling in the integrated system. 
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