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Abstract: Arsenic standard for drinking water is well defined and is set at 10 μg/l with WHO 
provisional guideline value for arsenic in drinking water in 1993. Arsenic limits for industrial 
wastewater discharges can vary significantly, and may even be set below the drinking water 
standard since it is often specify as daily and monthly maximum discharge limits. Electrochemical 
methods are not fully established yet but some of them could be excellent complementary method 
or even primary ones. Electrocoagulation can reduce arsenic by 99.9% or more. Thus is an 
excellent single technology for the mining waste waters characterized by low content of arsenic. 
For the chemical industry and metallurgy it could be an effective polishing method since it could 
achieve less than 10 ppb for the input up to 50 ppm of arsenic. Indirect electrooxidation is useful 
for conversion of arsenite to arsenate which significantly improves arsenic removal efficiencies 
since As(III) is poorly removed by the most arsenic removal technologies. Electrodeposition is not 
used for arsenic removal except in laboratory studies and it is underestimated. This method could 
be ideal to complement IE and RO for effluent and concentrate treatment. 
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1. INTRODUCTION 
 
 The primary aim of the WHO Guidelines for Drinking-water Quality (GDWQ) is 
the protection of public health. WHO has had a public position on arsenic in drinking 
water since 1958. The second edition of WHO GDWQ (1993) established 0.01 mg/dm3 
as a provisional guideline value for arsenic in drinking water and the value remains in the 
last, fourth, edition (2011). Temporality of the value is with a view to reducing the 
concentration of arsenic in drinking-water, because lower levels preferred for health 
protection are not reliably measurable and are out of the treatment achievability [1]. 
Table 1 contains the guideline for drinking water but it can be generalized and applied on 
all arsenic containing waters, like industrial waste. 
 
Table 1 Analytical and technological limitation for lower maximal arsenic concentration 
[2] 
 
Provisional guideline 
value 

0.01 mg/litre. The guideline value is designated as provisional in 
view of the scientific uncertainties. 

Basis of guideline 
derivation 

There remains considerable uncertainty over the actual risks at 
low concentrations, and available data on mode of action do not 
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provide a biological basis for using either linear or non-linear 
extrapolation. In view of the significant uncertainties 
surrounding the risk assessment for arsenic carcinogenicity, the 
practical quantification limit in the region of 1–10 mg/litre and 
the practical difficulties in removing arsenic from drinking-
water, the guideline value of 10 mg/litre is retained. In view of 
the scientific uncertainties, the guideline value is designated as 
provisional. 

Limit of detection 0.1 mg/litre by ICP/MS; 2 mg/litre by hydride generation AAS 
or FAAS 

Treatment 
achievability 

It is technically feasible to achieve arsenic concentrations of 5 
mg/litre or lower using any of several possible treatment 
methods. However, this requires careful process optimization 
and control, and a more reasonable expectation is that 10 
mg/litre should be achievable by conventional treatment, e.g., 
coagulation. 

 
 
 Scientific uncertainties are obvious. Even with the limit of detection order of 
magnitude lower than maximum allowed level it is expensive and technically demanding 
for precise control. Limits of the technology are relative but practical feasibility is 
average of the last generation of treatment, combination of methods, and it is obvious that 
at least twice as high concentration would be set as the limit. 
 
2.  ARSENIC REMOVAL FROM INDUSTRIAL WASTEWATER DISCHARGES 
 
 Requirements for waste streams are very demanding and usually are not expressed 
in maximal allowed concentration but in daily and monthly maximum discharge limits. 
This leads to the situation where the concentration limit in industrial waste streams could 
be even lower than 0.01 mg/dm3 as for drinking water. For example, some power plants 
in the United States have recently been limited to arsenic discharges as low as 4 μg/l, 
which is lower than the arsenic standard for drinking water and very near maximal 
capabilities of conventional treatments such as coagulation [3].  
It is usual practice that process or combination have to achieve at least 50 ppb and with 
polishing method feasible to meet the drinking water standard of 10 μg/dm3 and reach 
even lower discharge up to 1 μg/dm3 although not consistently. 
 Common methods for removing arsenic from industry wastewaters are well 
known and include:  

• Precipitation processes, including coagulation/filtration, enhanced coagulation, 
lime softening, coagulation assisted microfiltration, and enhanced lime softening; 

• Adsorptive processes, including adsorption onto activated alumina, activated 
carbon and iron/manganese oxide based or coated filter media; 

• Ion exchange (IX), processes, specifically anion exchange; 
• Membrane processes, including nanofiltration (NF), reverse osmosis (RO) and 

electrodialysis. 
 
 In EPA report Arsenic Treat Technologies for Soil, Waste and Water (EPA, 
2002), an extended description, including cost figures and performance data, is given of 
the following techniques [4]: precipitation, membrane filtration, adsorption, ion exchange 
and  permeable reactive barriers. 
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 Arsenic removal technologies can be broadly classified as purely adsorption-based 
technologies (for example, ion exchange or granular iron media adsorption), purely 
membrane-based technologies such as nanofiltration (NF) or reverse osmosis (RO), or 
technologies that use a combination of adsorption followed by filtration/microfiltration. 
Purely membrane-based technologies are generally cost prohibitive for arsenic removal 
applications, and, moreover, generate large quantities of arsenic-rich brines that require 
treatment/disposal. Therefore, only adsorption processes, and adsorption followed by 
filtration (membrane or media filtration), are widely used [3]. 
 For high concentration of arsenic with other heavy metals in waste water selective 
neutralization using continuous cascade line reactor could be technology of choice but it 
can not reach discharge limits of above mentioned technologies. 
Electrochemical technologies (EHT) are not established as existing ones, but are either a 
good supplement to them or alternative solutions in some cases.  
 Disadvantages of membrane technologies and ion exchange, especially large 
volumes of waste brines (up to 1% of volume of treated water) with high concentrations 
of arsenic (up to 20 mg/dm3) would be solved by EHT. Lower to moderate flow rates of 
waste waters can be treated only by EHT with results better then with classical 
coagulation [6]. 
 
3. ELECTROCHEMICAL METHODS  
 
3.1 Electrocoagulation 
 
 Electrocoagulation is the only EHT already in use for arsenic removal from 
industrial waste. It can be used in both cases: high concentrations of arsenic and very low 
ones. 
 In the first case, usual concentrations are about 1g/l of arsenic when it could be 
obtained about 0.10mg/dm3 which provide 99.9–99.99% removal efficiency. In such 
cases the polishing method has to be used because effluent has few times (up to 10) 
higher concentration than allowed. In the second case EC can be used as a single method 
or as a polishing one, when it could be the final step for some other method. Typical 
efficiency is about 99.99% which reduces arsenic from 50ppm to 5 ppb, which can satisfy 
even the most restrictive legislations [7]. Usually it is the polishing method for classical 
precipitation processes, chemical coagulation/filtration but, ironically (because it is 
usually vice versa), for the IX processes. 
 Even when coagulation can reach requirements, EC is superior due to several 
reasons. The most important is that the operation cost is 5 to 10 times lower. For the small 
plant, with capacity of 1.2 m3/h and with 6000 m3/h treated waste waters per year, the 
estimated yearly operating cost using EC instead of chemical coagulation is saving 
$374,700.00 per year. This does not include labor, sludge transportation, or disposal costs 
[6]. Another advantage of EC is the small space that this technology needs, which could 
be important for the urban areas. 
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Fig. 1 System for Electrocoagulation with 0.20m3/min. capacity [6] 
 
 New approach to the issue is using the pulse current for EC. This variant of EC 
technology has its roots whole decade before full implementation in late 80s of XX 
century, when digital electronic systems gave a greater ability to control the process, 
better reliability and lower cost than the corresponding analog electronic. 
 For now, the technology is proven to be very effective for the removal of 
suspended solids with 95% removal efficiency using current density of only 40 A/m2 and 
hydraulic retention time of 8 minutes and without the addition of coagulants [8]. Principal 
scheme of the reactor of the type is shown in figure 2. 
Application area of these systems is increasing and includes the removal of heavy metals 
from industrial waste waters. 
 

 
Fig. 2  Pulse electrocoagulation reactor [8] 

 
3.2 Electrodeposition 
 
 This method is very difficult to apply in practice although many laboratory 
investigations were done and papers published. Electrodeposition (ED) has several 
disadvantages as the method for arsenic removal. First of all is that arsenic is not a simple 
ion (cation) in the solution but the anion, AsO43  or depending on pH, HAsO42 in base 
and H2AsO4 in acid solutions for +V arsenic or like H3AsO3 for +III arsenic. This is 
unfavorable because of the negatively charged cathode in galvanic systems. 
Consequently, current efficiency is usually very low. Second, the important disadvantage 
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is the possibility of arsine realizing because elementary hydrogen, from cathode (parallel 
reaction), in contact with ions AsO2 and AsO4 ions could realize arsine [9, 10]. 
 Nevertheless, electrochemical recovery of arsenic is possible to achieve in two 
steps, the first is chemical reduction of As(V) to As(III) and the second is electrochemical 
reduction of As(III) to elementary As. It should still further be noted that at relatively low 
arsenite concentrations, hydrogen evolution will present a competing reaction, which 
generally reduces the current efficiency. During the experiment, the current was adjusted 
downwards as the arsenic concentration declined. Subsequent analysis of the data 
indicated current efficiencies in the vicinity of 100% at the start of the reduction (when 
the concentration was 8 grams per liter of arsenic) and persisted down to 200 ppm where 
current efficiency had declined to 70%. The reaction was terminated at 100 ppm arsenic 
species [11]. 
 Simultaneous removal of As and Cr with excellent removal efficiency could be 
achieved. The research sample containing 30.46 ppm Cr and 511 ppb As was 
electrochemically treated. The conductivity of the groundwater was increased by adding 
NaCl (2 g per liter of solution); the conductivity was raised to 4.36 mS/cm. Initial sample 
pH was 7.03 and initial temperature was 26.7 °C. An excellent As removal efficiency of 
94% was achieved for a wastewater sample with an initial As concentration of 511 ppb at 
an applied electric charge of 12 Amp-min. (720C) and at treatment time of 7 minutes. It 
also shows excellent Cr removal of around 99% for a synthetic wastewater with an initial 
Cr concentration of 30.5 ppm at an applied electric charge of 10 Amp-min. (600C) and at 
treatment time of 6.5 minutes [12]. Current efficiency was low for both of them, about 
10% for the chromium and 3% for the As and indicate that further research should be 
done. The final concentration of arsenic of 30 ppb is a good result although some 
improvement is necessary for the final stage for arsenic removal. 
 Finally, an interesting and original approach to this topic is the electrolytic 
extraction of arsenic by the concomitant reduction of the cupric cation and arsenite anion. 
XRD diffraction data indicated that these deposits were mixtures of copper and copper 
arsenides Cu3As and Cu5As2. Electrolysis was carried out in an undivided cell with 
graphite cathode and copper anode, under a controlled nitrogen atmosphere. The 
evolution of arsine gas (AsH3) was not observed under these conditions [13]. 
 This method is, therefore, confirmed in literature and experimental work on 
synthetic solutions with arsenic concentration from 1.0 to 5.0 mg/dm3. 
 
4. CONCLUSION 
 
 Electrochemical technologies unleash full potential when combined with each 
other and especially with other methods such as ion exchange and membrane processes 
(NF and RO). EHT has potential to work with those technologies in synergy because their 
disadvantages, like the generation of arsenic-rich effluents (concentrates), can be 
efficiently treated with EHT especially EC of lower quantities of concentrate, then 
primary waste is just perfect for EC which has a problem with large flow rates (quantities 
of waste), so both of the problems become the advantage. They can be useful with 
adsorption methods in the process of lowering high concentrations of arsenic similar to 
precipitation processes.  
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