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Background and Objectives: Heavy metals in agricultural soils may be
naturally present in the soil under the influence of the soil parent materials
(geogenic) or may be added to the soil as a result of human activities
(anthropogenic). Heavy metal pollution not only reduces the physical and
chemical quality of the soil, but also reduces biological activity and
biological availability of soil nutrients, and poses a serious threat to human
health and environmental security through entry into the food chain and
penetration into groundwater. Industries are one of the main sources of
heavy elements production, which lead to the entry of these materials into
the soil and its accumulation through irrigation with contaminated water
and through atmospheric deposition. The toxic properties and
bioaccumulation of heavy metals in soil and plants, as well as their entry
into the human food chain, double their risks. Therefore, industries can
respond to society's expectations of responsibility and reduce concerns
about human health through social and environmental initiatives.

Materials and Methods: A completely randomized experimental design
was conducted in three replications and three depths (0-20, 20-40, and
40-60 cm) and three areas (clean or control (Hamaneh), semi-polluted
(Khazarabad), and polluted (Shahneh)) in the west of Yazd city. The fields
in question were planted with pistachio, pomegranate, and walnut,
respectively. All fields were irrigated by flooding. About one kilogram of
soil samples was collected from each field from three points and at each
point of three depths, using an auger, and a total of 27 samples were
transferred to the laboratory. After preparing the samples according to
the instructions for measuring heavy metals in soil, the total concentrations
of heavy metals lead, cadmium, arsenic, nickel, selenium, mercury,
beryllium, chromium, and thallium were measured at all three depths with
an atomic absorption spectrometer equipped with a furnace, and then the
land accumulation indices and enrichment factor were measured, and the
data were statistically analyzed.

Results: The concentrations of mercury, beryllium, chromium, and
thallium were not significant in any sample. In all three areas and at all
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three depths, lead and selenium contamination was within the permissible
limits. Cadmium contamination was recorded only in the contaminated
area of Shahneh, and arsenic and nickel contamination were recorded in
the contaminated area of Shahneh and the semi-contaminated area of
Khezrabad. The interaction effect of the level of contamination and soil
depth was significant, and the 40-60 cm depth of the soil of Shahneh
(contaminated) area had the highest concentrations of cadmium, lead,
arsenic, nickel and selenium compared to Khezrabad (semi-contaminated)
and Hamaneh (clean) areas. The concentrations of mercury, beryllium,
chromium and thallium were not significant in any sample. The results
showed that heavy metal contamination, especially in flood irrigation, has
the ability to move in depth. Thus, in the contaminated area (Shehneh),
with increasing depth, the cadmium, lead, arsenic, nickel and selenium
concentration increased by 92.63%, 44.48%, 97.14%, 71.72% and 91.75%
compared to the soil surface, respectively. According to the two measured
indicators, the concentrations of cadmium, lead, and selenium were in
severe and dangerous conditions in all three regions. Arsenic was in a
dangerous state in the Khezrabad and Shahneh areas, and nickel was only
in the Shahneh area.

Conclusion: These results could be a warning sign that these pollutants
may reach groundwater and canals. Also, following soil contamination,
the absorption of these substances by plant roots increases, causing
toxicity in the plant and subsequent entry into the food chain, which
requires prevention of this process. The social responsibility of industries
requires that any pollution they release into nature be minimal or in
accordance with international standards and limits.
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Figure 1. Heavy element cycle (7).
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Figure 2. Location of Yazd city, Shahneh, Khezrabad, Hamaneh, industrial town and steel factories.
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Table 1. Classes based geo-accumulation index.

Classes Value Geo-accumulation index
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Table 5. Results of analysis of variance of heavy elements in soil.

Sle e S0k
Mean of Squares &350 a3 L
f"f.l"” e S| o Y'T”ls df S.0.V.
Se Ni As Pb Cd
sk ok sk sk sk O
16680 200171 21103 4876558 3289 2 c
Place
13765 43409 12240" 667237 2434 2 a
Depth
ok * sk s sk O #
6825 67840 6050 202627 2434 4 © >
Depth*Place
U
158 11008 41.81 62007 16.93 18
Error
Dl xS o
29.21 61.85 15.08 21.47 25.65 “f: v =

7.0 da.w BE 6)”‘52:» B} /A da.w BE 6):‘;2:» \_A:JJJM * B o
** and * are significant at the 1% and 5% levels, respectively
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Figure 7. Interaction effect of place and depth on soil Cd concentration (mg/kg).
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Table 6. Geo. A. and EF Index of Cd in all 3 places.
P A S5l e = ol e
Place Depth Cd Con. L Pollution level of Igeo SR Pollution level of EF
(mg/kg) Igeo Index EF Index
Hamaneh 0-20 5 4.06 Heavily polluted 25 Very intense
Hamaneh 20-40 5 4.06 Heavily polluted 25 Very intense
Hamaneh 40-60 5 4.06 Heavily polluted 25 Very intense
khezrAbad 0-20 5 4.06 Heavily polluted 25 Very intense
khezrAbad 20-40 5 4.06 Heavily polluted 25 Very intense
khezrAbad 40-60 5 4.06 Heavily polluted 25 Very intense
Shehneh 0-20 7 454 Heavily polluted 35 Very intense
Shehneh 20-40 12 5.32 Heavily to extremely 60 Extraordinary
Shehneh 40-60 95 8.31 Extremely pollute 475 Extraordinary
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Figure 8. Interaction effect of place and depth on soil Pb concentration (mg/kg).

Table 7. Geo. A. and EF Index of Pb in all 3 places.

iain es <5 i - <5 i
Place Depth Pb Con. S PoIIutToSn Tjevfia;f Igeo S Pollufii)n}ievce]dlﬁ;f EF
(mglkg) Igeo Index EF Index
Hamaneh 0-20 537 4.49 Heavily to extremely 26.87 Very intense
Hamaneh 20-40 649 4.76 Heavily to extremely 32.44 Very intense
Hamaneh 40-60 844 5.14 Extremely 42.22 Extraordinary
khezrAbad 0-20 686 4.84 Heavily to extremely 34.29 Very intense
khezrAbad 20-40 824 5.10 Extremely 41.22 Extraordinary
khezrAbad 40-60 875 5.20 Extremely 43.77 Extraordinary
Shehneh 0-20 1415 5.90 Extremely 7.75 Extraordinary
Shehneh 20-40 2056 6.10 Extremely 102.8 Extraordinary
Shehneh 40-60 2549 6.75 Extremely 127.45 Extraordinary
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Table 8. Geo. A. and EF Index of As in all 3 places.

e Sl e U s
Place Depth As Con. e Pollution level of Igeo Pollution level of EF
(mg/kg) Igeo Index EF Index
Hamaneh 0-20 5 -0.58 unpolluted 25 Moderate
Hamaneh 20-40 5 -0.58 unpolluted 25 Moderate
Hamaneh 40-60 5 -0.58 unpolluted 25 Moderate
khezrAbad 0-20 5 -0.58 unpolluted 25 Moderate
khezrAbad 20-40 18.33 1.29 Moderately 9.16 Severe
khezrAbad 40-60 55.33 2.88 Moderately to heavily 27.66 Very intense
Shehneh 0-20 5 -0.58 unpolluted 25 Moderate
Shehneh 20-40 111.7 3.90 Heavily 55.85 Very intense
Shehneh 40-60 175.7 4.55 Heavily to extremely 87.85 Very intense
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Figure 10. Interaction effect of place and depth on soil Ni concentration (mg/kg).
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Table 9. Geo. A. and EF Index of Ni in all 3 places.

e P S e o5 e S Sl o
Place Depth Ni Con Al Pollution level of Igeo o4 Pollution level
(mg/kg) Igeo Index EF Index of EF
Hamaneh 0-20 5 -3.91 unpolluted 0.1 Lack
Hamaneh 20-40 12 -2.64 unpolluted 0.24 Lack
Hamaneh 40-60 32 -1.23 Unpolluted to moderately 0.64 Lack
khezrAbad 0-20 136.7 0.87 Moderately 2.73 Moderate
khezrAbad 20-40 183.3 1.29 Moderately 3.67 Moderate
khezrAbad 40-60 215 1.52 Moderately to heavily 4.30 Moderate
Shehneh 0-20 183 1.29 Moderately 3.66 Moderate
Shehneh 20-40 271.7 1.86 Moderately to heavily 5.43 Severe
Shehneh 40-60 488 2.70 Heavily 9.76 Severe
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Figure 11. Interaction effect of place and depth on soil Se concentration (mg/kg).
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Table 10. Geo. A. and EF Index of Se in all 3 places.

< - L Ui L s i
ailae P o ol o 25l
il e S i
Place Depth > (/:En' o Pollution level of lgeo = POIIUt'foé":Ievel
(mg/kg) Igeo Index EF Index 0
Hamaneh 0-20 5 3.42 Heavily 10 Severe
Hamaneh 20-40 6.67 3.83 Heavily 13.34 Severe
Hamaneh 40-60 7.33 3.97 Heavily 14.66 Severe
khezrAbad 0-20 9.67 4.43 Heavily to extremely 19.34 Severe
khezrAbad 20-40 30 5.42 Extremely 60 Extraordinary
khezrAbad 40-60 57.67 6.33 Extremely 115.34 Extraordinary
Shehneh 0-20 16 4.83 Heavily to extremely 32 Very intense
Shehneh 20-40 61.33 6.42 Extremely 122.66 Extraordinary
Shehneh 40-60 194 7.72 Extremely 388 Extraordinary
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