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Article Info ABSTRACT

Article type: The rapid growth of the human population, coupled with the increasing demand for
industrial equipment and human needs, has led to problems such as the overexploitation of
available resources, as well as land, water, and air pollution. This study investigated the
uptake of various heavy metals in two tree species, Eucalyptus camaldulensis D. and Pinus
eldarica M., within the vicinity of the Aryan Shimi industrial plant in Mazandaran
Province. To assess the concentrations of heavy metals (Zn, Cu, Mn, Cd, Pb, Ni, and As)
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Introduction

The rapid growth of the human population, coupled with the increasing demand for industrial
infrastructure and anthropogenic requirements, has precipitated severe environmental challenges,
including the overexploitation of natural resources and the degradation of soil, water, and air quality.
This study investigates the absorption and accumulation of various heavy metals in two tree species,
Eucalyptus camaldulensis D. and Pinus eldarica M., situated within the vicinity of the Aryan Shimi
industrial plant in Mazandaran Province. Today, wood is one of the most important and widely used
natural materials in various industries. Different wood industry products, such as veneer, panel
products (including plywood, particleboard, chipboard, and fiberboard), wooden molds, furniture, and
others, usually differ in terms of water consumption during the production process. Unlike pulp and
paper production, wood panel sectors and products are generally considered a dry sector with low
water consumption. Therefore, their wastewater problems are often overlooked. According to
research, wood production plants consume between 300 cubic meters of water per day and can
generate up to approximately 600 million cubic meters of wastewater each year. The wastewater and
dust generated by the wood industry, due to high concentrations of hazardous chemicals, can have
harmful effects on the environment. Studies indicate the presence of heavy metals in the wastewater
and dust emitted from such industries.

Material and Methods

This study aimed to measure the concentrations of heavy metals (Zn, Cu, Mn, Cd, Pb, Ni, and As). To
this end, soil and leaf samples were collected from around the plant. The sampling date was May 10,
2018. Initially, four sampling points were designated for each species. Sampling was carried out at a
distance of 50 meters from the plant. Three sampling points were located in the afforested area around
the plant, and one point was located near the plant where there was no afforestation. Soil sampling
from both the afforested area and the control site was performed at a depth of 0-10 cm. Three
replications were considered for each sampling point. A total of 36 soil samples and 18 leaf samples
were collected. For leaf collection, four different geographical directions on each tree were considered.
After collection, leaf samples were placed in plastic bags. Due to the effective role of soil factors in
the uptake process, factors such as soil texture (measured by the Bouyoucos hydrometer method),
electrical conductivity of the saturated soil extract (EC) (measured using a JENWAY 4510
conductivity meter), and soil pH (recorded using a JENWAY 3505 pH meter) were also measured.

Results

Statistical analysis indicated significant differences (P<0.05) in the levels of Mn, Pb, Ni, Zn, and Cu
between the control area and the afforested zones. Notably, the metal concentrations in the control site
soil were higher than those in the soil beneath the afforested areas. This disparity was most
pronounced for Cu (3.76 ppm), Mn (7.1 ppm), Pb (2.84 ppm), and Zn (3.84 ppm) in the control group
compared to the forested soil. Furthermore, a significant variation in metal concentrations was
observed between the two studied species. The concentrations of Mn (98.63 ppm), Zn (39.35 ppm),
and As (2.1 ppm) in Eucalyptus were substantially higher than those recorded for Pinus, which were
20.75 ppm, 21.38 ppm, and 0.95 ppm, respectively. The results also indicate that there is a significant
gap between the measured concentrations and the established standard values, reflecting the severity
of soil pollution in this area.

Discussion and Conclusion

The results of the soil sample analysis in the present study showed that there was a significant
difference between all the heavy metals examined, except for cadmium, in the soil of the control site
and the soil of the afforested area, and the concentration of metals in the soil of the control site was
considerably higher than that in the afforested area. Numerous studies indicate that some plants have
the ability to accumulate pollutants such as heavy metals in their aerial organs without causing any
problems in their physiological processes or growth and development. Such plants are referred to as
hyperaccumulators. The results of leaf samples demonstrate that heavy metal concentrations in leaf
samples exceeded those in soil samples. This finding underscores the significant influence of industrial
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dust emissions and suggests a high rate of pollutant accumulation within the canopy of the studied
species. Also, the present study indicate that Eucalyptus has a greater phytoremediation capacity
than Pinus. Therefore, to reduce environmental pollution, broad-leaved species can be used, as these
trees effectively serve as natural purifiers and are very low-cost in this regard. Accordingly, it can be
said that this evergreen, fast-growing, and resistant species with deep roots is recommended as a
priority for planting to remove heavy metal pollution.
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Table 7. Comparison of the mean concentration of elements in the leaves of two species of Pine and

Eucalyptus (ppm)

Zn Pb Ni Mn Cu Cd As &5
21.38+1.81° 8.29+0.71° 0.001+0.00° 20.75+1.08" 5.58+0.37° 1.26+0.03° 0.95+0.07° s
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(Miranji et al. 2024)
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Table 8. Correlation between heavy metal concentrations in soil samples and Eucalyptus leaves

As Cd Cu Mn Ni Pb Zn
As 1
Cd 0.94™ 1
Cu 0.95™ 0.92™ 1
Mn 0.99™ 0.93™ 0.95™ 1
Ni -0.2 -0.26 -0.1 -0.2 1
Pb 0.99™ 0.94™ 0.95™ 0.99™ -0.2 1
Zn 0.99™ 0.95™ 0.94™ 0.99™ -0.2 0.98™ 1
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Table 9. Correlation between heavy metal concentrations in soil samples and Pine leaves

As Cd Cu Mn Ni Pb Zn
As 1
Cd 0.94™ 1
Cu 0.98"" 0.96™ 1
Mn 0.98"" 0.94™ 0.98™ 1
Ni 0.05 0.02 0.1 0.1 1
Pb 0.98™ 0.96™ 0.97* 0.98™ 0.01 1
Zn 0.98"" 0.94™ 0.98™ 0.98™ 0.07 0.98™ 1
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