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Fig. 2. Effect of nZV1 concentration on nitrate removal
(Cnos =200 mg/L, Csor” =450 mg/L, Q=3.3 mL/min, V=30 volt, pH=7)
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Fig. 3. Effect of nZVI concentration on sulfate removal
(Cnos =200 mg/L, Cso? = 450 mg/L, Q=3.3 mL/min, V=30 volt, pH=7)
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specifications Quantity
APS 35-45 nm
SSA 8-14 m?/g
Bulk density 0.45 g/lcm?®
True density 7.9 glcm?®
Fe >99.5
Cu <0.005
Zn <0.004
Al <0.091
Cr <0.015
Mg <0.004
Pb <0.004
Mn <0.13

Table 1. Characteristics of zero-valent iron nanoparticles
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Fig. 6. Effect of nZV1 concentration on the specific energy
consumption
(Cnos =200 mg/L, Csos® = 450 mg/L, Q=3.3 mL/min, V=30 volt, I=0.06 A, pH=7)
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Abstract

Nitrates and sulfates are commonly present as common pollutants in most natural waters. Sometimes, human
activities such as excessive use of chemical fertilizers, lack of proper control over water sources, and
improper treatment of industrial wastewater cause an increase in the concentration of these types of
pollutants in surface and groundwater. This study focuses on the efficient removal of nitrates and sulfates
from contaminated water using a combination of permeable reactive barriers (PRB) containing zero-valent
iron nanoparticles (nZVI) and an electrokinetic (EK) process. In this research, which was carried out on a
laboratory scale, by using the PRB system, the nitrate, and sulfate in the polluted groundwater were
removed, and simultaneously, with the help of the EK process, the early saturation of the bed was prevented
and system performance time is increased. To check the system efficiency, various parameters on the system
performance were investigated, and the optimal conditions were determined to grow the system performance
time. Additionally, the experiments were repeated using PRB containing granular activated carbon for
comparison. The results reveal that the substrate containing nZVI exhibited superior performance in
removing nitrates and sulfates from groundwater compared to the modified activated carbon. According to
the results, the best system performance was obtained at pH 7, initial nitrate concentration of 200 mg/L,
initial sulfate concentration of 450 mg/L, 2.14 gr of nZVI per Kg of sand, and a potential difference of 20
volts. Under these conditions, the use of the PRB containing nZVI not only extended the system operation
time by 35 hours for sulfate removal and 30 hours for nitrate removal but also increased the system's removal
efficiency by 13% for sulfate and 10% for nitrate after 80 consecutive hours of use, compared to the PRB
containing modified activated carbon. Overall, this research contributes to the development of more effective
strategies for the simultaneous removal of nitrate and sulfate from contaminated groundwater, using a
combination of PRB with nZV1 and the EK process.

Keywords: permeable reactive barriers, electrokinetic, activated carbon, nZV1, nitrate, sulfate,
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