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Abstract: This study investigates the performance of modified bentonite (MB) as a reactive medium in the permeable reactive barrier (PRB) 
for remediation of simulated groundwater contaminated with amoxicillin. It is evident that the natural bentonite (NB) modified with hexadecyl 
trimethyl ammonium (DK1) can effectively remove amoxicillin from aqueous solution. The effect of different parameters such as contact time, 
initial pH of the solution, agitation speed, initial amoxicillin concentration and MB dosage was studied. The maximum removal (97%) of 
amoxicillin using MB for 4 hr, pH 11, 250 rpm, 50 mg l , and 0.6 g 100 ml , respectively. The adding glass waste (GW) to the reactive medium -1 -1

(MB) led to an increase the hydraulic conductivity and decrease the effectively of amoxicillin removal, at the same time. The isotherm study 
showed that th sorption of amoxicillin onto GW&MB mixture fitted the Freundlich isotherm model with coefficient of determination (R2) equal to 
0.9432 The leaching test indicated that the dissolution of amoxicillin bearing-MB is very low. A two-dimensional groundwater numerical model 
was developed under equilibrium condition using COMSOL Multiphysics 3.5a software to evaluate the performance of GW&MB-PRB in two 
configurations namely continuous (C-PRB) and funnel and gate (FG-PRB). The experimental results proved that the GW and MB-PRB was 
efficient in the restriction of contaminant plume and both configurations of PRBs can be used successfully to treat amoxicillin-contaminated 
groundwater with operation time equal to 87 and 75 day for C-PRB and FG-PRB, respectively.
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The contamination of groundwater by organic and 

inorganic compounds has been considered since the 

industrial revolution. Groundwater is generally more reliable 

for use than surface water (Faisal and Abd Ali 2017a). The 

most common technology used for remediation of 

groundwater has been ex-situ pump-and-treat system. This 

system extract groundwater to the surface then treats it 

through different approaches such as adsorption and either 

re-introduce the treated water to the subsurface or discharge 

it to a storm drain. This technique is difficult, costly, and 

ineffective most of the time in removing enough 

contamination to restore the groundwater to drinking water 

standards in acceptable time frames (Faisal and Abd Ali 

2017b). Accordingly, permeable reactive barriers (PRBs) 

technology was the alternative method used to remediate 

groundwater contaminated with different types of 

contaminants (Faisal and Abd Ali 2016). It is found to be more 

cost-effective than a pump and treat and has been a 

demonstrated potential to diminish the spread of 

contaminants (Abd Ali et al 2019). PRB technology may be 

installed as a continuous reactive barrier (C-PRB) or as a 

funnel-and-gate system (FG-PRB). Due to the fact that one of 

the most important stages of designing a PRB is choosing 

appropriate filler for the barrier, many research centers are 

searching for new reactive materials in order to improve the 

effectiveness of decontamination (Faisal and Ali 2015). 

Activated carbon can be used as a reactive medium (sorbent) 

in PRB because of its effectiveness in removal of a wide 

variety of organic and inorganic pollutants from different 

media, but it still very expensive. Therefore, the production of 

low-cost sorbents becomes the aim of many researchers 

(Sulaymon et al 2015). Natural clay is acquiring prominence 

as low-cost adsorbents over the last a few decades due to 

their local and abundant availability and the capability to 

undergo modification to enhance the surface area, 

adsorption capacity and range of applicability (Monvisade 

And Siriphannon, 2009). Among natural clays, bentonite has 

been proven to be a promising adsorbent for contaminate 

removal. The presence of a net negative charge on the 

surface confines the use of bentonite for the effective 

removal of contaminate (An and Dultz 2007, QU 2008). In 

addition, the adsorption capacity of natural bentonite is 

hampered by its limited surface area. All these factors have 

led to the need for research and development in the field of 

modification of clay surfaces to enhance their adsorptive 

properties. Surface modified bentonites have high potential 

to provide an alternative to the most widely used activated 

carbon. Therefore, in order to ameliorate the adsorption 

properties and the range to the applicability, a number of 

physical and chemical methods have been investigated to 


