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SOIL POLLUTION, To investigate the influence of land use type on the bioavailability of Cu,

HEAVY METAL Mn, Fe, and Zn, 116 surface soil samples were collected from Chitgar

Forest Park across three land uses: coniferous forest, broadleaved forest,
BIOAVAILABILITY, and rangeland. The DTPA- and nitric acid-extractable forms of Cu, Mn,
LAND-USE Fe, and Zn, as well as soil properties such as calcium carbonate content,
CONVERSION, SOIL | pH, and organic carbon, were measured.
ORGANIC CARBON,

CHITGAR FOREST The results of the ANOVA analysis revealed that land use type

PARK, DTPA significantly impacted the bioavailable forms of Cu, Mn, and Zn,
EXTRACTION, whereas the avgi_lable form of Fe did not differ significantly betweeq the
ATOMIC land uses. Additionally, land use type affected soil properties, especially
soil organic carbon. Furthermore, the results of the Pearson correlation
ABSORPTION analysis showed a significant positive correlation between soil organic
SPECTROSCOPY carbon and some heavy metals, indicating that plantation type and land
use influence the availability of heavy metals in these soils.
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Extended Abstract

Introduction

Pollution of soils by heavy metals has become an important environmental issue in
recent years. These pollutants can cause the gradual elimination of beneficial organisms
from soils, leading to decreased biodiversity—a fundamental factor in maintaining the
dynamics, self-regulation, balance, and stability of soil ecosystems. Total metal
concentrations in the environment do not necessarily reflect environmental conditions
such as bioavailability and toxicity, as these depend on soil properties. Understanding
effective processes affecting the bioavailability of metals can help in modeling and
understanding the environmental effects of these elements in the soil. Studies have
shown varying effects of different land uses on heavy metal concentrations, but
research primarily focuses on farming, industry, or urban development. The effects of
changing land use on the bioavailable forms of heavy metals remain unclear. This study
aims to explore the impact of converting rangeland into broadleaf and needleleaf forests
on the concentrations of bioavailable metal forms in soils over 45 years.

Material and Methods

The study area, covering 665 ha in Chitgar Forest Park, western Tehran, includes
needleleaf forest (Pinus eldarica), broad-leaved forest (Robinia pseudoacacia, Fraxinus
rotundifolia), and rangeland (Alhagi maurorum, Hordeum murinum, and other grasses).
Stratified grid sampling identified 116 sites (250 x 250 m grid, 0-20 cm depth).
Available forms of Zn, Cu, Mn, and Fe were determined using atomic absorption
spectroscopy. Soil particle size was measured by the hydrometer method. Organic
carbon, nitrogen, and total neutralizing value (TNV) were determined by wet oxidation,
Kjeldahl, and volumetric methods, respectively. Electrical conductivity was measured
in saturation extracts using an EC meter. The effects of different land-use types on the
bioavailability of heavy metals were analyzed using one-way ANOVA.

Results and Discussion

The ANOVA analysis indicated that land-use type significantly influenced the
bioavailability of Cu, Mn, and Zn, while Fe availability remained unchanged across
different land uses. Soil characteristics, particularly soil organic carbon, were affected
by land use, with a substantial positive correlation between soil organic carbon and
certain heavy metals identified through Pearson correlation analysis. This suggests that
land use and planting practices impact heavy metal concentrations in soils by affecting
soil properties. Zn was more prevalent in broadleaf and needleleaf forests, whereas Mn
and Cu were highest in rangelands, with rangelands having significantly more available
Mn compared to needleleaf forests. Mn availability was influenced by total
concentration, clay content, and organic carbon, though CaCOs reduced the impact of
organic matter on Mn availability. Cu levels were highest in rangelands, with
availability controlled by total Cu concentration, clay, and TNV. Zn concentrations
were highest in broadleaf forests, strongly correlating with organic carbon. Land-use
types influenced Zn concentrations through their effect on organic matter. Fe showed
significant correlations with soil organic matter but did not differ significantly between
land uses.
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Conclusion

After forty-five years of converting rangeland into needleleaf and broadleaf forests, this
study explored the availability of four heavy metals under three land uses. The results
revealed significant differences in the available forms of Zn, Cu, and Mn due to the
distinct effects of land-use types on soil properties. Land-use type notably influenced
soil characteristics, particularly soil organic carbon. Additionally, Pearson correlation
analysis identified a substantial positive relationship between soil organic carbon and
heavy metals. These findings underscore the critical role of land use and planting
practices in determining heavy metal availability in soils, with important implications
for environmental management and agricultural practices.
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o O3 Caa BB polie 3 S Oluogas (rm (g (S o pd p3lio -F Jour
Table 4- Pearson correlation coefficients between soil properties and available heavy metal
concentrations
pH CaCO3 Clay oC C/N Zn Cu Mn  Fe
pH 1
CaCO3 0.184ns 1

Clay 0.117ns  -0.049ns 1

oC 0.063ns .232* -.195* 1

CIN 0.127ns .239* -223*  762*%* 1

Zn -0.004ns  .197*  -251** 762**  .611** 1

Cu 227* -316**  494** 0.087ns -0.031  .197* 1

Mn 0.111ns  -.215* 452%* .206*  0.126ns .307** .560** 1

Fe 0.099ns  -275** 0.026ns .218*  0.14ns .394** 345** 496** 1

Qo0 S g g paw )0 (60 gire o 5 Ay e g

osme g ad Hlew 3556 IS Jlade o S ) Jlaie o Ser iores ol S K
2 e el ey Gl o el (pl 4 00 Vb e (6)5 0 Sy o Byl o
@ ol o [, DTPA L 2l sl B o8 5 S ) Jlaie o Cudie  Saor (ol plo sl ouls S
O Ol cenl 3 sy (6 0y 0l ol Dliass ols Cand S oy g 3K IS lade  Sen
Peijnenburg et al., 2020; Zhu, Ji, Tang, Wang & Sun, )uslesls oylas S 0 Ll JS lade 51,
00l S )3 e yais godld )0 i Sl oS Sl S e 25U Bk 5l )8 25U w0
Oln,S Jlade Gl g Cude oy doyd Gl oo pl a5 ol plis ] Sen s p5 4 B8
DTPA L zlses] LB o g JS o Hloie Vb  Siied 4 daxg5 b ol Casd 4 hie pundS
SloyS g e jlade (Ghte (Surod Grizmad 9 (o) e b paie (pl Wl § Sude (Saces (pizmen
Sln,S sl b SIS j0 e lade og o 9 oy Sl SE jo e S5 i b LSl o 1y el
yaie 93 (ol lp 1y (s Lics 50 ©da (LB o g 353800 Jlade o Guald § Cude  Sien . Cudls
Zinn, de Faria, de Araujo & Skorupa, ) ol,Kes 3 (p) 203 oo lis ddlaie ol LS o
b S s S s Cis LB polie [0 cage Hlaws i 50k olge a5 wols ylis (2020
Gl 00l S 0 yolie (pl Lol el 50 355 § e (oginl G2alS Goyb 5l S ) w0 Ll
5«5).......77...’Mbtsofc‘u;‘o..\“s..\ul;fJJl}JSJaim)‘MBuA}J;lS'A)SJuMM
sl o S Slls JEl e o piias a5 sxsly bl (Peijnenburg et al., 2020) Ko
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Bradl, 2004; Ondrasek & Rengel, 2012; ) cosl S g5 93 S JT slge CEC (0, S
5 «Udo, Bohn & Tucker, 1970). 52 4 4ol .(Younas, Fatima, Ahmad & Ayyaz, 2023)
o 6oL Kwwen «(Tanhan, Kruatrachue, Pokethitiyook & Chaiyarat, 2007),l,Ses )l
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