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Abstract 

 The demand of drinking water is increasing day by day.  Contamination of 

drinking water by natural and anthropogenic activities is increasing the scarcity of safe 

drinking water. The drinking water polluted with arsenic has always been a major 

concern for environment and society.  The development of an economic and eco-

friendly process to address the problem has always been a challenge. The presence of 

metalloid arsenic in ground water and in potable water has a serious impact on human 

health. In the earth’s crust, arsenic is twentieth most abundant element. The ground 

water gets arsenic contamination naturally during different geological activities such as 

eruption of rocks. The arsenic contamination in surface water is created by human 

activities like improper use and disposal of mining waste, industrial waste and arsenical 

pesticides.     

 Arsenic contamination of ground water needs more attention of environmental 

and process engineers for its removal. Separation of arsenic from drinking water can be 

done by restricting its mobility by changing it from one form to another. There are many 

unit operations available to address the issue of arsenic removal from water. 

Conventional chemical methods like coagulation, adsorption and precipitation are 

practiced to remove it from water. Oxidation to a less harmful state, arsenic (V), using 

chemical or biological conversion from its most toxic form, arsenic (III), is another 

approach for its removal. Ion exchange and membrane filtration are also promising 

treatment options. Among all the above mentioned processes, membrane based arsenic 

removal process is the most efficient and economic.  

 The present study was performed under a broad objective of arsenic removal 

from ground or potable water with higher recovery of arsenic-free drinking water using 

polymeric membrane based separation process and safe release of membrane generated 
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concentrate biologically, in the form of arsenic sulphide (As2S3), which was performed 

separately in a bioreactor with the help of sulfate reducing bacteria (SRB). The 

polyacrylonitrile (PAN) based modified & poly (4-styrenesulfonic acid) (PSSA) 

ultrafiltration (UF) membrane and other commercial nanofiltration (NF) membranes 

were tested for arsenic removal or its concentration. All these membranes were tested 

for different chemical parameters and membrane filtration parameters for optimum 

removal of arsenic. The pH of the feed solution played a major role on arsenate ion 

separation through charged ultrafiltration (UF) membranes. The membranes were 

subjected to arsenic concentrations in the feed ranging from 250 ppb to 50 ppm to test 

the removal efficiency and other process limiting parameters like concentration 

polarization. Among all the tested membranes, polyacrylonitrile (PAN) based modified 

ultrafiltration membrane showed maximum (> 95 %) rejection at pH ≥ 7 in low TDS, 

arsenic spiked, synthetic water. The arsenic removal mechanism through 

polyacrylonitrile (PAN) based modified ultrafiltration membrane followed Donnan 

exclusion principle.  

The polyacrylonitrile (PAN) based modified ultrafiltration membrane was further 

subjected to test its efficacy for arsenic removal in high TDS (~ 700 ppm) potable water. 

Filtration of arsenic spiked high TDS water resulted in increased  flux and reduced 

arsenic rejection as low as 4- 6%. The presence of hardness causing minerals, calcium 

and magnesium were found to be the main culprit for reversibly changing the 

modification properties of the PAN membrane. It was observed that presence of 50 ppm 

calcium and magnesium ions reduced arsenic rejection by 20 % and 10% respectively. 

The other monovalent and divalent naturally occurring co- and counter-ions did not 

show significant effect on arsenic removal (85-92%). The higher operating 

transmembrane pressure (up to 10 kg/cm2) did not improve the arsenic rejection 
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(~96%). In the arsenic concentration mode operation, the arsenic got concentrated 8.5 

fold and volumetric concentration ratio (VCR) 10.3 fold with an average rejection of 

97%. 

The remediation study demonstrated that the arsenic concentration of greater than 30 

ppm is toxic to microbial community specially lactate utilizing SRB. The real time PCR 

(qPCR) data also confirmed that up to 30 ppm of arsenic was not inhibitory to the 

microbial community. The optimum pH for bio-precipitation of arsenic to arsenic 

sulphide was 6.5 at which 20 ppm arsenic got removed by precipitation and adsorption. 

81 and 19% arsenic removal were obtained by precipitation and adsorption, 

respectively. The continuous stirred tank reactor (CSTR) operation showed that without 

adjusting the reactor pH, maximum 67% arsenic removal was achieved at steady state 

operation of CSTR at 3 days hydraulic retention time (HRT).  

The results of this research work for the first time showed that making arsenic free 

ground or potable water using modified PAN based ultrafiltration (UF) membrane and 

followed by restricting the mobility of membrane concentrated arsenic by biologically 

converting it into arsenic sulphide is possible.  The process technology based on this 

research findings is significantly advantageous (economic and eco-friendly) compared 

to existing technologies for complete arsenic removal from ground or potable water.
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