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Abstract

The accumulation of heavy metals in the wetlands may cause significant damage
to the environment. In this study, an experimental study was performed to reduce
the number of heavy metals using inexpensive and available materials. For this
purpose, three metal ions of lead, chromium, and nickel, which had high values
in the wetland were studied. Three treatments of sawdust, straw and zeolite
clinoptilolite (ZC) were used in laboratory columns to investigate the heavy metal
removals. The laboratory columns with a length of 1 m and a diameter of 160 mm
were prepared and the wastewater were passed through them. The results showed
that the maximum adsorption of lead metal ions in straw (37.6%) was better than
sawdust (33%) and zeolite (12.2%). Besides, the maximum chromium adsorption
in zeolite (44.4%) was higher than sawdust (40.2%) and straw (37.6%). Finally,
for nickel adsorption, sawdust (39.4%) gave better results than straw (35.9%) and
zeolite (33.3%). However, it seems that all the treatments used are relatively
effective in removing the studied heavy metals. However, for maximum
Adsorption, it is better to use a mixture of the studied treatments. The results of
the one-way analysis of variance showed that the absorption rate of all three heavy
metals in the treatments was significant at the 1% level and all three adsorbents
had the ability to absorb the investigated heavy metals. Also, according to the
LSD test, except for lead absorption by zeolite, there was no significant difference
between the adsorbents used.

1. Introduction

Heavy metals can have a destructive effect on the environment. In recent years, the use of inexpensive
natural adsorbents to reduce pollutants has attracted the attention of many researchers (Mehrasabi et al.,
2008). Iwuozor et al. (2020) stated that amendment significantly improved the adsorption capacity of
sugarcane bagasse to absorb heavy metals. Meez et al. (2021) showed that sawdust has a suitable
structure for water treatment processes. Shahbany et al. (2021) stated that the removal efficiency of
heavy metals is more than 80%. Rudzionis et al. (2021) concluded that zeolite was very effective in
absorbing heavy metals. Priya et al. (2022) stated that rice husk powder can be considered as a low-cost
adsorbent for the removal of heavy metal ions from industrial wastewater. The purpose of this research
is to use cheap and available natural materials such as straw, sawdust and zeolite, which can reduce the
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cost of treatment and thus enable the reduction of pollutants. Also, in this research, due to the need to
get closer to the industrial scale, experiments were conducted on a larger scale and by creating a
continuous flow so that the results can be used on a real scale.

2. Materials and Methods

In order to design and prepare a filter to reduce pollutants, natural absorbent materials including
sawdust, straw and zeolite were used. PVC columns with a height of one meter and a diameter of 160
mm were used, inside the columns up to a height of 70 cm containing absorbent materials and 20 cm
were placed to drown with water. Synthetic wastewater was made using distilled water and heavy metals
used with a concentration of about 10 mg/lit. Water was continuously passed through the columns.
Sampling was done from the water output of columns for 24 hours and at five minutes, 30 minutes, one
hour, two hours, four hours, eight hours and 24 hours. An atomic absorption device was used to
determine the absorption rate of the filters, and one-way ANOVA variance test was used to investigate
the effect of heavy element absorption by different treatments.

3. Results

The results showed that the absorption rate of heavy metals for sawdust was in the range of 30-40% and
it is relatively effective for absorbing heavy metals. Also, the ability to absorb sawdust does not show
a significant decrease over time. For straw treatment, the amount of lead absorption was better than the
absorption of other two heavy metals and its final value is 37.6% and the range of its final changes is
between 35 and 40%. Therefore, the final absorption range of straw is similar to that of sawdust and it
is relatively effective for absorbing heavy metals. The results of absorption by zeolite treatment show
that zeolite has the ability to absorb heavy metals to some extent. Of course, the amount of lead
absorption in zeolite seems insignificant, but the absorption of chromium from two treatments of
sawdust and straw and stubble was higher. The results of analysis of variance showed that the amount
of absorption of all three heavy metals in the treatments is significant at the 1% level, which means that
all three adsorbents have the ability to absorb the investigated heavy metals.

4.  Discussion and Conclusion

The aim of this research was to reduce the amount of heavy metals by using cheap natural materials.
According to the experiments of Meez et al. (2021), sawdust in a small laboratory scale and in non-
continuous flow will absorb up to 85% of chromium, which shows a great difference with the maximum
amount of 45% absorption in this study. It seems that the difference in the type of experiment and the
presence of continuous flow in the current research originates. So, in this test, the liquid flows
continuously and therefore the absorption time for the liquid is not long. Of course, it should be noted
that the present research, due to being closer to the industrial scale, has looked at this phenomenon more
realistically, and it shows a suitable absorption anyway.
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