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Effects of operating parameters on the removal performance of electrodialysis 
for treating wastewater containing cadmium
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A B S T R AC T

To evaluate the feasibility of electrodialysis for cadmium removal from wastewater containing 
cadmium in high concentration, the effects of initial concentrations of dilute and concentrate, 
fl ow rate and applied voltage on the removal of cadmium were experimentally investigated 
with batch operation mode. The limiting current density (LCD) linearly increased with the 
cadmium concentration and the fl ow rate. The elapsed time to reach 0.1 mg Cd/l was directly 
proportional to initial concentration of dilute, and the concentration of concentrate insignifi -
cantly affected the removal rate. Increase of the fl ow rate gave a positive effect on the removal 
rate, but the effect became unimportant at fl ow rate greater than 2.4 l/min. Volume of dilute 
was continuously decreased by electro-osmotic water transfer, whereas the volume of concen-
trate was increased. Removal rate was increased with the applied voltage. The increment of the 
removal rate, however, was decreased as the applied voltage increases. From the operation of 
the electrodialysis module used in this study, the fl ow rate of 2.4 l/min and the applied voltage 
corresponding to the 80~90% of LCD are recommended as a proper operating condition for 
cadmium removal from highly concentrated cadmium solutions.
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1. Introduction

The amount of pollutants and their characteristic 
are increasing due to various causes such as industrial 
development, increase of population, urbanization 
process, etc. Especially, the contamination of water by 
heavy metals is one of major environmental problems 
in the world. Heavy metals are not only toxic to aquatic 
fl ora and fauna even in low concentrations, but also 
capable of being assimilated, accumulated and concen-
trated by organisms. The discharge of industrial waste-
waters contaminated by heavy metals to river or sewage 
system, therefore, should be strictly regulated to reduce 
environmental impact, and the treatment of the waste-
waters has been the center of attention. The various 

treatment methods to purify the wastewaters contami-
nated by heavy metals include precipitation, solvent 
extraction, oxidation, reduction, adsorption, reverse 
osmosis, evaporation, fi ltration, air stripping, cementa-
tion, ion exchange, electrodialysis, biosorption, etc [1–4].

Cadmium is one of toxic heavy metals and its major 
sources released into environment are the wastewater or 
the sludge from electroplating, nickel-cadmium battery 
production, smelting, photoelectric cells, alloy manu-
facturing, phosphate fertilizers, mining and refi ning 
processes [5]. Compared to other heavy metals, cad-
mium and cadmium compounds are relatively water-
soluble, therefore more mobile in soil and generally more 
bio-available. This characteristic of cadmium results in 
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