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1. GENERAL 
Arsenic is a naturally occurring element in ground waters rather than surface waters, especially near past / present 

geothermic or mountainous environment. Two main oxidation states can be found in the water: arsenide, As (III), 

found in anaerobic waters while arsenate, As (V) is found in aerobic waters. Arsenic pollution can also come from 

previous mining / chemical processes. 

Arsenic in drinking water constitutes a serious health risk and may lead to chronic diseases like melanosis, spotty or 

diffuse hair loss, circulatory disorders, conjunctivitis, neuropathy, dizziness, depression, insomnia and headaches. The 

WHO (World Health Organization) has therefore adopted recommendation to limit arsenic in drinking water to 5 µg/l 

(ppb).  
 

This technical concept describes the process to remove arsenic from well water and treat it up to drinking water quality 
by the combined advanced oxidation process (AOP) with non-thermal plasma and C-MEM™ technology. 

 

 

2. OUR SOLUTION 
With the proposed process combination well water will be treated with the most innovative way of water treatment – a 

combination of advanced oxidation with a non-thermal plasma (oxidation of arsenide and organic compounds), iron 
coagulation (precipitation of arsenic) and ultrafiltration membrane technology (complete separation of precipitations 

and bacteria/viruses > 0.2 µm).  

 

 
 

The state-of-the-art technology will produce high quality effluent, which will be far below the limits of the WHO 

directive for drinking water quality (WHO 2006). 
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3. TREATMENT PRINCIPLE 

The usage of non-thermal plasma (NTP) is an innovative method for oxidizing several inorganic and organic 

compounds. In general, this plasma can be formed via ionising radiation (natural and cosmic radiation), electrical glow 

discharge (lightning) and UV-radiation, respectively.  

The ionOXess technology is based on the electrical glow discharge to form mainly negatively charged oxygen 

radicals. Thereby highly reactive small ions are formed, which are stabilized via cluster formation. Thus, their life span 

is long enough to bring them into the treatment unit for further reaction. For oxidation purposes mainly negatively 

charged oxygen ions are involved in this process. Mainly formed compounds in water are super oxide radical anions 

(in an excited state) which dissociate to oxygen radical anions: 
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Due to the very high oxidation potential (2 V and higher, comparable to ozone), these radicals are able to oxidize most 

organic compounds (via proton transfer or hydrogen atom transfer) and inorganic compounds like arsenic salts from 

the oxidation state +III to +V.  

A higher oxidation state leads to higher precipitation performance supported by various coagulants and flocculants 

(e.g. by iron salts). Thus, larger flocks with an increased precipitation velocity are formed. Based on the oxidational 

behavior, additional benefits can be observed: membrane fouling which mainly occurs on micro- and ultrafiltration 

membranes can be reduced. Thus, NTP can be used for membrane cleaning without additional chemicals. 
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The final C-MEM™ ultrafiltration process will then remove all precipitations arising from oxidation and coagulation. 
The basic principle of the filtration is that porous organic hollow fibre membranes with micro-pores are used as 

filtration media. Therefore, the pressure loss is extraordinarily low and can even be made gravity driven without 

additional pumps. 

 

 
 

Through C-MEM™ all suspended solids, precipitations, coagulations, bacteria as well as viruses will be removed from 

the water and therefore the water will also be disinfected. 

 

4. PROCESS DESCRIPTION 
The treatment process will take place in one compact unit shown in the figures on the right and below. The overall 

process consists of three main steps. 

 
Inflow and Iron Dosing 
First, the raw water will be pumped from the raw water source to the treatment unit. Iron salts will be dosed into this 

feed line. The well pump will be solar driven and does not need any external power supply. 
 
Oxidation of Arsenic and Other Organic Pollutants 
Next, the raw water will be aerated in a mixing tank with ionized air, which is produced by an ionization cell and a 

small blower (also solar driven). The mixing tank has a short retention time and is equipped with diffusers. The ionized 

air oxidizes arsenide, heavy metals, iron and manganese, but also converts ammonium, COD, pesticides, herbicides 

into non-toxic compounds e.g. ammonium will be converted into non-toxic nitrate. Iron will additionally enhance 

coagulation of arsenic and other particles so that removal is improved in the last process step, the membrane filtration 

process.  
 
C-MEM™ Ultrafiltration 
In the third and last process step the following gravity driven C-MEM™ membrane filtration (no electrical power 

necessary) removes all emerging precipitations from the oxidation step as well as suspended solids and 

microorganisms which already existed in the raw water. 
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By gravity the treated water flows to the effluent extraction point where the water can be tapped by the consumer or 

filled into bigger clear water storage tanks. The remaining precipitations in the filtration tank can be removed manually 
by a sludge valve on a regular basis. 

Iron Dosing Unit 

Raw Water Inlet 

Ionized Air 

C-MEM Cartridges 

C-MEM WTP 

C-MEM WTP 

Process Tank 

Oxidation 

Photovoltaik Panel 
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The modular design of the system allows a wide range of applications. Daily flows in a range of  
10 to 1,000 m³/day are feasible. 

5. ADVANTAGES 
The main advantages of the combination of ionOXess and C-MEM™ are as follows: 

 much higher effluent quality compared to conventional treatment 

 small footprint 

 modularly expandable 

 easy installation and start-up 

 start-up/stops of operation possible 

 complete removal of suspended solids, bacteria and viruses (by the membrane barrier) 

 reduction of organic pollutants (NH4, COD, pesticides, herbicides) 

 reduction of organic foulants 

 high oxidation potential 

 improved flocculation behavior 

 long lifetime of equipment, cheap and easy replacement 

 solar driven – very low power demand (NTP app. 30 W, aeration system app. 300 W) 

 no additional chemicals necessary, except iron salt 

 robust process, no fine mechanical parts 

Extraction Point 

C-MEM WTP 
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6. DESIGN 
Daily flow: 10 – 1,000 m³/day 

 

Parameter Influent Results 

arsenic up to 500 µg/L < 5 µg/L 

iron up to 10 mg/L < 0.2 mg/L 

ammonium up to 2 mg/L < 0.1 mg/L 

suspended solids up to 100 mg/L < 0.1 mg/L 

turbidity up to 250 NTU < 0.5 NTU 
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