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Table 1. The pH, EC and texture values of soil samples

Aigod pH EC (uslcm) (1) oy (/)u.l.m: (1) cdaww caéb
Samples Clay (%) Silt (%) Sand (%) Texture
30.84 35 36.66 = £9
La-S3 7.72 220 Clay Loam
21.664 50 28.336 ey
La-S7 7.07 11 Loam
La-S9 2.39 439000 215 325 40 = £9
Clay Loam
Loam
La-Sel0 3.16 1074 oyl
11.66 50 33.34
Loam
Mean 471 88215 36.0016 42 21.59
aiges maulS Ly S 9 T 0lgo o po -¥ Jgur
Table 2. The percent of organic matter and calcium carbonate of samples
Samplests aigas S olgo s Ly 45 o gl | Bl Ry o Sl
%0M %CaCO3 Al203 (mg/kg) Fe203 (mg/kg) MnO (mg/kg)
La-S3 2.155 19.5 3.95 221 0.29
La-S9 1.206 175 6.02 3.70 0.06
La-Se6 0.982 10.5 5.29 143 0.06
Mean
Sile 1.44 15.8 5.09 2.45 0.14
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Fig. 1- Results of heavy element characterization of soil samples
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Fig. 1 Cont.- Results of heavy element characterization of soil samples
(Tessier ef al,, 1979) i (99) & oo 3 &) o] i =¥ Jou>
Table 3. Results of sequential extraction by Tessier method (Tessier et al, 1979)
56 Jol 56 p9o 5L pam 58 il 58 e 5B
Fraction F1 F2 F3 F4 F5
reie S3 S9 Se6 S3 S9 Se6 S3 S9 Se6 S3 S9 Se6 S3 S9 Se6
Element
Cu 012 076 045 225 051 051 415 311 424 147 216 05 225 30 108
Pb 0.1 1.3 126 318 46 48 408 528 456 387 317 89 45 56 108
Zn 0.6 123 147 49 337 227 218 124 38 724 528 5.39 99 48 73.8
Ni 0.3 0.2 023 28 05 035 011 063 09 328 102 056 34 358 338

Sh 0.18 0.3 056 012 159 093 012 0.33 1.3 0.1 1.2 122 101 3.9 5.6

Cr 0.2 034 0.33 1.7 147 013 2.3 2.6 024 011 3 0.13 68 21 29.4
Cd 0 0 0 0 0 0 0 0.05 0 0 0 0 032 027 048
As 1 029 013 267 014 25 312 163 471 1.2 2.1 3.15 15 8.6 49
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Table 4. Results of speciation of soil samples using Visual Minteq

paos pole 35 i IS oo y0 aigs Colled
Component % of total concentration Species hame Activity
1.49 Cd*? 8.96E-07
Cd*2 13.159 CdSO4 () 4.93E-07
85.351 Cd(S04),2 1.56E-08
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Table 4. Cont. Results of speciation of soil samples studied using software Visual Minteq

pase yolie 35 p0d IS w0y Laigs Cadled
Component % of total concentration Species name Activity
0.043 Cr(OH),* 2.92E-07

3.327 Cr#3 2.58E-06

6.434 CrOHSOy (g 1.95E-05

0.056 Cr3(OH),* 0.000435
Cr 0.903 Cr2(OH),* 2.1E-07
63.581 Crso,* 1.88E-10

25.205 CrOHSOy () 0.000272
0.139 Cro(OH),S04*2 2.1E-07

0.311 Cra(OH)2(S04)2 ey 1.68E-06

1.759 CrO,2 5.32E-06
e 8.617 Cr20;2 1.3E-05
0.296 Cr0350,2 8.95E-07

89.327 HCro, 3.55E-16

o2 90.802 Cr+? 6.29E-05
9.198 CrOH* 0.000275

cu*t 100 Cu*t 0.0016147
cur2 10.386 Cu*? 0.002287
89.605 CuSO4 ) 7.42E-05

11.582 Ni*2 1.33E-05

Ni+ 87.032 NiSO4 ag) 1.59E-06
1.386 Ni(SO4), 0.000357

1.372 Pb*? 0.000109

Pb*2 25.306 PbSO4 (ag) 0.000135
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2.286 Zn* 0.000382
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78.879 Zn(S04),? 1.11E-05

As* 99.997 H3AsO; 0.00050639
0.443 H3AsO, 2.24E-06

As*® 0.645 HAsO,2 0.000317
98.912 H2AsO, 9.14E-07
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of Doustbaglu region (Meshginshahr) and determining toxic species by sequential extraction and Visual Minteq
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Introduction: Oxidation of sulfide mineralized zones during the weathering processes is intensified by
biological and chemical reactions and the resulting Acid Mine Drainage (AMD) causes the release and mobility
of toxic and heavy metals from the parent rock and their concentration in soil or water. In this study, soil
samples taken from the surroundings of the village of Doustbaglu (northwest of Meshginshahr), which is
considered a typical mineralization and alteration area, were studied and chemical species, toxicity, and origin
of heavy elements were determined.

Material and methods: In this study, total concentration and bioavailability of heavy elements i.e. As, Cd,
Cu, Cr, Pb, Sh, Ni, and Zn in five surface soil samples were evaluated by Tessier sequential extraction method
in five phases (exchangeable, connected to carbonate, bound to iron and manganese oxides, bound to organic
matter, and residual phase) and using the Visual Minteq thermodynamic software.

Results and discussion: The results of the sequential extraction method showed that the highest concentration
of the total concentration of all studied heavy elements was retained in the residual fraction (stabilized in the
mineral structure). This indicates the geogenic origin of these elements and can be considered the result of
erosion and weathering of rocks in the region. Compared to other elements, Sb had a higher concentration in
potentially available fractions (e.g. exchangeable, carbonate-bound, bound to Fe-and Mn-oxides, and/or
organic matter) and can be readily available to plants and toxic. The software output delineates that the
predominant species in the examined samples were lead as Pb (S04),%, Pb?* and PbSOug); copper as CuSOag)
and Cu?*; nickel as NiSOy (aq), Ni?* and NiSOq; antimony as Sb(OH)s, Sb(OH)?* and Sb(OH)g!; zinc as

* Corresponding Author: Email Address. kl_siahcheshm@tabrizu.ac.ir
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Zn(S04)2%, ZnSO4(q) and Zn?*; arsenic as HzAsO; and HAsO4; cadmium as Cd(SOa)2, and Cd?*. The
predominant species of chromium were CrSO4*, CrOHSOa4(q), and HCrO4. In general, the free water-soluble
species of these elements were more mobile than other species; instead, the concentration of these species was
very low relatively, and most of these elements were more present in the form of complexes with low mobility.

Conclusion: Based on sequential extraction results, all studied elements showed high ecological risk potential
and significant pollution in the sediment of waterways and surface soil horizons of the Doustbaglu area.
Analysis of the findings of Visual Minteq software indicates that the most active types of elements and related
concentrations, among all possible types, include: Cd?*(1.49%), CrOHSO4(q)(25.20%), Cu?*(10/38%),
Ph2*(1/37%), ZnSOuq) (18.83%), respectively. Since more mobile species have low concentrations and on the
other hand, according to the results of sequential extraction, most of the studied elements are present in the
remaining phase, so the bioavailability and toxicity of these elements are estimated to be negligible. In general,
it can be concluded that only a small percentage of elements are present in bioavailable fractions, and this can
alleviate concerns about the possibility of element release by changing environmental conditions and thus
accessibility to plants.

Keywords: Bioavailability, Doustbaglu, Heavy metals, Sequential extraction, Visual Minteq.
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