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Table 1. The adjusted grading standard of potential ecological risk of heavy metals in soil
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Table 2. Statistical results of calculated mCd, PLI, and RI values for soil samples

wigni RI PLI mCd wigod RI PLI mCd
La-01 506.88 2.98 6.71 La-36 644.01 23 17.15
La-02 374.63 2.14 6.51 La-37 623.37 2.16 16.64
La-03 2076.87 1.19 27.4 La-38 469.91 2.02 9.19
La-04 116.9 0.9 2.38 La-39 382.26 2.15 8.92
La-05 578.54 3.12 17.41 La-40 180.86 1.78 373
La-06 227.02 1.48 427 La-41 263.34 255 6.02
La-07 448.63 1.66 8.13 La-42 312.61 15 6.02
La-08 719 3.27 29.65 La-43 302.44 221 8.14
La-09 452.23 0.76 754 La-44 1114.8 1.87 175
La-10 553.1 333 19.98 La-45 40557 2.48 9.38
La-11 315.07 1.98 12.99 La-46 314.43 1.26 573
La-12 509.91 3.45 10.13 La-47 623.48 3.36 9.84
La-13 338.18 258 11.39 La-48 367.66 3.1 10.37
La-14 401.95 131 9.12 La-49 364.32 2.34 7.79
La-15 348.37 11 6.37 La-50 321.08 155 11.99
La-16 86.6 0.39 1.46 La-51 239.09 1.38 731
La-17 235.42 11 6.46 La-52 561.62 2.74 10.24
La-18 208.3 0.89 6.25 La-53 334.86 3.05 12.04
La-19 387.86 0.89 553 La-54 197.68 1.79 4.8
La-20 137.03 1.12 2.62 La-55 4556 0.69 0.99
La-21 97.86 1.14 153 La-56 227.43 1.36 462
La-22 130.56 0.74 417 La-57 111.41 1.32 2.03
La-23 597.82 2.85 26.04 La-58 78.67 0.79 1

La-24 288.44 1.33 557 La-59 214.72 1.39 14,52
La-25 303.45 2.38 6.75 La-60 401.12 2.15 9.68
La-26 284.52 19 8.63 La-61 80.06 067 1.99
La-27 855.19 3.02 58.86 La-62 366.07 2.09 12.23
La-28 350.63 15 7.78 La-63 667.74 2.96 70.04
La-29 189.69 1.36 441 La-64 417.49 331 9.93
La-30 300.45 1.28 853 La-65 220.78 1.43 4.89
La-31 230.23 1.54 4.84 La-66 256.67 1.07 6.37
La-32 126.64 1.44 3.87 La-67 334.97 2.69 7.66
La-33 249.08 2.08 5.07 La-68 165.67 145 2.88
La-34 178.66 1.82 551 La-69 126.37 18 1.93
La-35 19116.5 3.26 245.89 La-70 48.82 0.79 112
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Fig. 2- Bar charts for distribution of the heavy metals in soil samples using different pollution indices

v ULZM) §f a)Ln.,i’; (ERIZRD 0,90 ‘Jaﬁ;u: f,lc aolilad

Yv



U"‘i“"" Lng)lﬁ Lghbo_\d.ly" Ls,.m;) Ja...?m @l)wow v r

S diged 15 950 (oS i diuw polie -V Jgux
Table 3. Calculated Nemerow index values in soil samples

pgodls r9sS o S o olgeasil 9 Sl ol
Cadmium Chromium Copper Nickel Lead Antimony Zinc Arsenic Elements
1.23 0.36 1.48 0.23 7.01 40.46 1.15 54.83 oSl
Mean
w25
7.33 2.62 12.47 1.36 37.00 488.00 3.67 1905.56
Max
5.33 1.89 8.94 0.98 27.08 347.43 2.84 1348.55 Nemerow
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Table 4. Calculated Pearson correlation coefficient values of the studied heavy metals
yobe rasS S 1 e s o olyos $9) pyaedls
Elements Chromium Arsenic Copper Nickel Lead Antimony Zinc Cadmium
Chromium ¢4 5 1
Arsenic Sl 135 1
Copper e -.050 101 1
Nickel s .628** -.261* .097 1
Lead o, .326** A469** .291* .009 1
Antimony lge.sl .094 .627** 153 -111 .649** 1
Zinc s, .204 -.257* .588** .505** .074 -.051 1
Cadmium pg.eols’ .234 -.181 407** 371 174 -.035 B17** 1

* Correlation is significant at the 0.05 level (2-tailed)
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** Correlation is significant at the 0.01 level (2-tailed)
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Fig. 4- Distribution plot of the variations with regards to the

extracted factors
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Introduction: Oxidation of sulfide-mineralized zones during weathering intensifies by the biological and
chemical reactions, and the released acidic mine drainage (AMD) mobilizes toxic and heavy elements from the
parent rock and concentrates them in soil or water environments. The village of Doustbaglu is located in a
mountainous area to the northwest of Meshgin-Shahr city, which has numerous farmlands overlooking the
extensive alteration zones. Field studies indicate that, unfortunately, skin and liver diseases, as well as cancer
are prevalent in the area. The importance of knowledge of heavy metal enrichment in soil resources and the
high potential of the Doustbaglu area for the production of agricultural and horticultural crops and its direct
relationship with human health reveals the necessity of conducting this study to evaluate heavy metal
contamination and identify possible sources.

Material and methods: In this study, the total concentration and bioavailability of heavy metals including As,
Cd, Cu, Cr, Pb, Sb, Ni, and Zn in 70 surface soil samples were evaluated by ICP-MS analysis. Calculation of
contamination rates of soil samples was done using different environmental indices including modified
contamination index, soil heavy metals ecological risk index, pollution load index, and Nemerow’s index.

Results and discussion: The results of the mCd index showed a high degree of contamination of Cu, Cr, Cd,
Pb, Sb, Ni, Zn and as in most samples. High values of the ecological risk index (up to 2076.9) indicated the
level of serious contamination risk of some samples. The pollution load index (PLI) in 10 samples showed PLI
values <1 indicating no contamination of the samples, but in other samples, high loads of heavy metal
contamination were observed in the soil of this area. According to Nemerow’s index, Cu, Pb, Sb, As, and Cd
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were highly contaminating. Statistical analysis of data and calculations of correlation coefficients, cluster
analysis, and PCA test (VARIMAX rotation) revealed a positive and significant correlation between elements
such as Pb with Cr, As and Sb, Ni with Cr, Cd and Zn and a negative correlation with arsenic. Therefore, it is
estimated that these elements have a similar and predominantly geogenic origin.

Conclusion: Based on the results of geo-environmental indices, all eight studied elements showed high
ecological risk potential and significant contamination occurrence in stream sediments and surface horizons of
the Doustbaglu district.

Keywords: Heavy metals, Pollution, Geo-environmental indices, Correlation coefficient, Doustbaglu.
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