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Investigation on the efficiency of Anionic resin, Perlite and Clinoptilolite
zeolites in reducing heavy metals entering Meighan wetland

Somayeh Alimiri!, Javad Mozaffari ** & Azadeh Kazemi?

Abstract

The Arak Meighan wetland, is one of the important habitats of migratory birds that has faced serious
challenges in recent years due to its various reasons. In this study, the status of heavy metals entering
the Meighan wetland and solutions to reduce them was investigated. At first, an ICP test was conducted
to determine the status of heavy metals entering the wetland. Then, three treatments of anionic resin,
Clinoptilolite zeolite and Perlite with two repetitions were used to investigate the reduction of heavy
metals (Pb, Ni and Cr). For this purpose, a series of columns with a height of one meter and a diameter
of 160 mm were used. On the pipes, absorbent material were filled up to a height of 70 cm and artificial
wastewater was entered into each of the test columns. Then sampling were taken at five minutes, 30
minutes, one hour, two hours, and four hours from the inlet and outlet of pipes. The samples were
transferred to the laboratory and the values of heavy metals were measured with the atomic absorption
device. The results showed in most of the experimental columns, the adsorption process had an upward
trend at the beginning and a slow and even decreasing trend at the end of experiment. Also, the
absorption rate of all three heavy metals in the resin is higher than the other two adsorbents and is about
90%. The highest percentage of adsorption for zeolite was 44% and for Perlite was about 30%. However,
in the absorption of heavy metals, the performance of the treatments was different, but it seems all
treatments have a relative efficiency in removing heavy metals.

Key words: Heavy metals, Zeolite, Perlite, Resin
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Investigation on the efficiency of Anionic resin, Perlite and Clinoptilolite
zeolites in reducing heavy metals entering Meighan wetland

Somayeh Alimiri!, Javad Mozaffari *? & Azadeh Kazemi?

Introduction

Wetlands are the most important and complex aquatic ecosystems on the earth because of their diverse
functions and economic, social, environmental and scientific benefits. The Arak Meighan wetland, is
one of the important habitats of migratory birds that has faced serious challenges in recent years due to
its various reasons. Meghan wetland, located about 8 km northeast of Arak city with various industries,
is one of the wetlands exposed to heavy metal pollutions. Ansarian et al. (2016) investigated the heavy
metal concentrations in the surface sediments of Meighan wetland. The results showed that, based on
all existing standards, the average lead was significantly high. Heavy metals may have a devastating
effect on wetland wildlife. Agricultural products, especially those containing cellulose, have the
potential for heavy metals bio sorption. Tao et al. (2010) investigated the effect of clinoptilolite zeolite
on lead removal. Their results showed that the adsorption capacity of lead at 37 °C is equal to 7 mg/g.
Farzi et al. (2019) investigated the removal of cadmium from aqueous solution by the nanostructure of
sugarcane straw and concluded that this adsorbent has a high ability to remove cadmium ions and can
have up to 96% of cadmium adsorption. It was found that the prepared adsorbent material was efficient
at removing heavy metals. In this study, the status of heavy metals entering the Meighan wetland and
solutions to reduce them was investigated.

Methodology

At first, an ICP test was conducted to determine the status of heavy metals entering the wetland. Then,
three treatments of anionic resin, Clinoptilolite zeolite and Perlite with two repetitions were used to
investigate the reduction of heavy metals (Pb, Ni and Cr). To measure the effect of these materials on
the adsorption of heavy metals, PVC columns with a height of 1 m and a diameter of 160 mm were used.
Under the tubes, a fine-mesh filter and a converter were used to direct the water into the sampling
vessels. Inside the columns contains absorbent material up to a height of 70 cm and a height of 20 cm is
considered for submergence with water. Synthetic wastewater were made using distilled water and
heavy metals at a concentration of about 10 mg/lit. The cylinders were placed on a metal base at a
distance from the ground and the wastewater entered each column from the source. The water was
continuously passed through the columns. The water outlet of the cylinders was sampled for 24 hours
at intervals of 5 min, 30 min, 1 hour, 2 hours, 4 hours, 8 hours and 24 hours. The atomic Adsorption
device of SHIMADZU A680 was used to determine the Adsorption rate of the filters. The experiments
consisted of three treatments (three adsorbents) and each treatment had two replications. One-way
ANOVA test was used to evaluate the effect of heavy metal adsorption by different treatments.

Discussion and Conclusion

The concentration of heavy metals entering the Meighan wetland was determined by ICP test. The
results showed that the amount of heavy metals in the wetland is less than the critical level. On the other
hand, due to sampling of wetland sediments, metals such as lead have a high level (Ansarian et al.,
2016). This indicates that heavy metals can accumulate over time. It is also possible that more heavy
metals will enter the wetland in the future. Therefore, in order to prevent the entry of heavy metals into
the wetland, laboratory columns were constructed and the wastewater was simulated with a solution of
heavy metals. Since all heavy metals are below the critical limit, only three heavy metals including lead,
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nickel, and chromium were considered for the experiments. In the experimental column containing resin,
the amount of lead input was 8.8 mg/l and its output after 5 minutes reduced about 89.7% by reaching
9 liters. The decrease in nickel and chromium after 5 minutes were 90.1% and 88.9, respectively.
Therefore, maximum decrease was related to nickel. After 24 hours, a high amount of adsorption by the
resin is shown and the highest adsorption is related to nickel. Therefore, it can be found that resin has a
high ability to absorb heavy metals. In the zeolite test column, the amount of lead input was 8.8 mg/I

and its output has reached 7.7 mg/l after 5 minutes, which shows a decrease of 12.2%. It does not show
much change after 24 hours. The nickel reduction after 5 minutes was almost zero and gradually reached
33.3%. The chromium absorption from 2.2% in 5 minutes reached about 44.4%. Therefore, the
maximum reduction was for chromium and then nickel. The results of adsorption rate by zeolite
treatment show that the ability to adsorb resin is much higher than zeolite. In the perlite test column, the
amount of lead input was 10.1 mg/l and the output did not show any change after 5 minutes. Then, up
to 2 hours, the absorption rate increased to 25.7%, and then up to 24 hours, the absorption rate decreased
to 12.9%. Nickel absorption after 5 minutes was approximately equal to 8.9% and increased to 30.7%
after 4 hours. Then with a decreasing trend reached 22.8% after 24 hours. Chromium also has an
increasing trend in adsorption, from zero percent in 5 minutes to about 30 percent after 24 hours.

Therefore, the maximum reduction for nickel was in 4 hours (30.7%) and then chromium in 24 hours
(30%) and the final adsorption of chromium shows the highest adsorption by perlite. It also shows perlite
has the ability to absorb less than zeolite. Generally, the results showed in most of the experimental
columns, the adsorption process had an upward trend at the beginning and a slow and even decreasing
trend at the end of experiment. Also, the absorption rate of all three heavy metals in the resin is higher
than the other two adsorbents and is about 90%. The highest percentage of adsorption for zeolite was
44% and for Perlite was about 30%. It seems all treatments have a relative efficiency in removing heavy
metals. The results of one-way analysis of variance showed that the adsorption rate of three heavy metals
in all treatments was significant at the level of 1%, meaning that all three adsorbents were able to adsorb
the studied heavy metals.
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