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Table 1- Average Values of Some Pysicohemical Properties of soils studied in Different Treatments

low H EC SOM CEC Clay Silt Sand
PP @sm) @)  (cmol./kg)
Olay Jlo YA 7.85 354 1.28 28.8 17.60 19.31 63.09
18 years wastewater
Olay Jlo # 7.96 298 127 32.53 16.65 21.39 61.96
6 years wastewater
Olaw Jlo ¥ 7.97 191 0.8 28.26 17.62 2154 60.74
2 years wastewater
N 8.12 3.45 1.18 26.52 17.10 21.90 61
groundwater
Re 7.91 0.74 0.56 17.87 16.01 18.48 65.51

unirrigated soils

s sbad o1yl g,bl 55 aliiw! 5590 45 Lo Y48 Roiore D) dntual Sl g ol T Wil guad (A 9 ©s0jyd (1Sl —F Jguia
Table 2-Long term Average Valuesfor Some Properties of Groundwater and Refined Wastewater of M obarakeh Steel
Complex used in Irrigation of the Green Space

Sl 2oy o Sl oly of
pH - 8.06 7.5
EC. (ds/m) 3.2 34
Fe (mg/L) nd n.d
Mn (mg/L) nd n.d
Cu (mg/L) n.d n.d
Zn (mg/L) nd nd
Ni (mg/L) nd nd
Pb (mg/L) n.d n.d
Cr (mglL) nd nd
Cd (mg/L) nd n.d
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Table 3- Available Concentration of Soil Heavy Metalsin Different Treatments

s Cu )
. Fe Mn 1 Zn Ni
S yud B6 pais (mgkg™)
Sl Jlo VA 19.1° 15.222 1.08% 1.47° 0.782°
18 years wastewater
g Jls & 105°  19.60° 0.66° 1.248 083
6 years wastewater
Sy Jlo ¥ 8.1b° 22312 0.52° 0.800°  0.57b°
2 years wastewater
ok o 8.2h° 18.85% 0.58° 0.85ab°  0.54°
groundwater
s 2° 6.27" 0.48° 0.37° 0.21¢
unirrigated soils
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Table 4- Effect of Sampling Depth on Available Concentration of Soil Heavy Metals

(y0 5lw) G0 Fe Mn Cll(J . Zn Ni
O gud BB pais (mg kg™
0-20 15.13? 20.13% 0.85° 1.64% 0.76°
20-40 8.47° 17.58° 0.65° 0.81° 0.61°
4060 7.17° 14.65° 0.53° 0.54° 0.51°
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Table 5- Total Concentration of Heavy Metalsin Different Treatments

slow Fe Mn Cu Zn Ni
mag.kg?
e (mg.kg™)
ol Jlo VA 7456% 15132 2952 60° 20.9%
18 years wastewater
Iy Wy 8161° 15587 347% 612 25.14%
6 years wastewater
Sl Jlo ¥ 7081% 12912 4.2 53.4% 2452
2 years wastewater
o 6113° 1198 5.18° 50.6% 20®
groundwater
A 2321°  508° 497 25.6° 16.8°

unirrigated soils
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Table 6- Effect of Sampling Depth on Total Concentration of Soil Heavy M etals

(50 ) 3 Fe Mn Cu Zn Ni
— (mgkg™)
O yud JB pais

0-20 71892 1478° 452 612 22.8

20-40 66763 1273%® 3.8% 52° 21.92%

4060 5994° 1104 3.9% 44° 20.9°
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Introduction: Water shortage in arid and semiarid regions of the world is a cause of serious concerns. The
severe water scarcity urges the reuse of treated wastewater effluent and marginal water as a resource for
irrigation. Mobarake Steel Complex has been using treated industrial wastewater for drip-irrigation of trees in
about 1350 ha of its green space. However, wastewater may contain some amounts of toxic heavy metals, which
create problems. Excessive accumulation of heavy metalsin agricultural soils through wastewater irrigation may
not only result in soil contamination, but also affect food quality and safety. Improper irrigation management,
however, can lead to the loss of soil quality through such processes as contamination and salination. Soil quality
implies its capacity to sustain biological productivity, maintain environmental quality, and enhance plants,
human and animal health. Soil quality assessment is a tool that helps managers to evaluate short-term soil
problems and appropriate management strategies for maintaining soil quality in the long time. Mobarakeh Steel
Complex has been using treated wastewater for irrigation of green space to combat water shortage and prevent
environmental pollution. This study was performed to assess the impact of short- middle, and long-term
wastewater irrigation on soil heavy metal concentration in green space of Mobarake Steel complex.

Materials and Methods: The impacts of wastewater irrigation on bioavailable and total heavy metal
concentrations in the soils irrigated with treated wastewater for 2, 6 and 18 years as compared to those in soils
irrigated with groundwater and un-irrigated soils. Soils were sampled from the wet bulb produced by under-tree
sprinklers in three depths (0-20, 20-40 and 40-60 cm). Soil samples were air-dried, and crushed to pass through a
2-mm Sieve. Plant-available metal concentrations were extracted from the soil with
diethylenetriaminepentaacetic acid-CaCl,-triethanolamine (DTPA-TEA). To determine the total concentration of
heavy metals, the soil samples were digested in 6 M HNO;. Concentrations of heavy metalsin the extracts were
determined by Atomic Absorption Spectroscopy. Finally, availablemetal micronutrient levels inthe soil
were compared with the critical deficiency ranges suggested for calcareous soils. Also, total concentrations of
the metals in the soils were compared with the standards of the Iranian Environmental Protection Agency to
assess possible contamination of soils with heavy metals in the studied area.

Results and Discussion: The results of this study showed significant increases of plant-available Fe in the
soilsirrigated with wastewater for 6 and 18 years as compared to the unplanted control. Regardless of the type of
irrigation water used, available Mn and Ni were significantly increased in al forested areas as compared to the
unplanted soils. Available Zn fraction was significantly higher in the soils with history of 6 and 18 years of
wastewater irrigation. Increase in available Cu concentration was statistically significant only in the soils
irrigated with wastewater for 18 years. As the metal concentration in the wastewater used for irrigation was very
low, it seems that the major source of metal accumulation in the soils is particulate fallout or emissions directly
from the dump sites and metal plating operation. Furthermore, irrigation and forestation practices might have
improved bioavailability of micronutrient metals in the soils of green space of Mobarakeh Steel complex through
increasing organic matter content of the soils which enhances metal chelation reactions.

Tota concentrations of the metals in the forested soils also increased as compared to those of the control.
Tota Fe, Mn, and Zn concentrations were notably higher in al soils of the green space area as compared to those
in the unplanted control sites. Wind-driven particle transport from dumping site to nearby soils may be the main
reason for metal build-up in the green space soils. Total concentration of Cu showed no significant difference
among the soils of the treatments and the control. Although metal accumulation has been occurring in the soils of
the Mobarakeh Steel complex green space, total concentrations in the soils were still considerably lower than the
alowable levels recommended by the Iranian Environmental Protection Agency.

Conclusions. The results of this study revealed that metal accumulation has been occurring in the green space
soils of the Mobarakeh Steel complex. Considering the short distance of the dumping and metal smelting sites
with the green space and very low concentrations of metals in wastewater, in may be concluded that fall out of
metallic particles on the soil surfaces from the dumping and smelting sites is the main route for metals

1, 2 and 3- Former M.Sc. student, Associate Proffesor and Proffesor Department of soil science, College of Agriculture,
Isfahan University of Technology

(*-Corresponding Author Email: vahidmoradinasab@yahoo.com)

4- Manager of Green Space and Environmental Beautification of Mobarakeh Steel Company



YOAY a5 jlio Y98 8 1w (gbad (ool SIS 4o (o ol 3ld cdalé

accumulation in the soils of the green space areas.

Keywords: Available concentration of heavy metals, Industrial wastewater, Total concentration of heavy
metals and soil



