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Total and Extractable Concentrations of some Heavy Metals in Different
Land Uses (Case study: Zanjanroud, Mianeh and Tarom)
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Abstract

Heavy metals in soil exhibit distinct characteristics that significantly affect environmental health and
safety. This study examined the total concentrations and DTPA-extractable fractions of lead (Pb), zinc
(Zn), copper (Cu), and nickel (Ni) across different land uses (agricultural, pasture, rice field, and
vineyard), geographical locations (Zanjanrud, Mianeh, and Tarom plains), and soil depths (0-20, 20-
40, and 40-60 cm). The highest total and extractable concentrations of Pb, Zn, and Cu were
consistently observed in the surface layer (0-20 cm). Nickel distribution showed different patterns,
with pastures in Zanjanrud and vineyards in Mianeh had the highest total Ni concentrations at 40-60
cm depth, while Tarom pastures had maximum Ni levels at 20-40 cm. DTPA-extractable Ni
concentrations were highest in the surface layer across all regions, particularly in Zanjanrud pastures,
Mianeh vineyards, and Tarom pastures. Source analysis revealed that Pb, Zn, and Cu concentrations
were predominantly influenced by anthropogenic activities, whereas Ni distribution was mainly
controlled by natural factors and parent material composition. These findings highlight the importance
of considering both land use practices and natural geochemical processes in soil heavy metal
management.
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Table 1. Some physical and chemical properties of soil in excavated soil profiles of Zanjanroud plain.

Region Landuse Depth OoM pH EC CaCO3; CEC Clay Silt Sand
0-20 1.12 7.35 0.87 2135 2036 2146 5336  25.18
Agriculture  20-40 0.98 7.46 0.86 23.46 19.87 2236 5149  26.15
40-60 0.43 7.58 0.79 24.58 1749 1947  49.76  30.77
o
§ 0-20 1.23 7.32 0.85 19.78 2149 2248 53.69  23.83
& Garden 20-40 0.99 7.49 0.83 2146 2058 2149 5048  28.03
§ 40-60 0.44 7.61 0.77 22.89 18.46 1956  48.28  32.16
N
0-20 1.10 7.39 0.84 21.74 18.69 2147 5281  25.72
Pasture 20-40 0.89 7.48 0.79 2.58 17.48 2049  49.76  29.75
40-60 0.41 7.69 0.71 23.69 16.69 1847  46.74  34.79

Silt, Sand, Clay, CaCOs and OM (%), CEC (Cmol, kg soil*), EC (dS m™), Depth (cm)
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Table 2. Some physical and chemical properties of soil in excavated soil profiles of Mianeh plain.

Region Landuse  Depth oM pH EC CaCOs  CEC Clay Silt Sand

0-20 2.04 7.28 0.62 2425 2645 3049 4226  27.25

Agriculture  20-40 1.89 7.49 0.59 27.89 2549  28.79 4459  26.62

40-60 0.98 7.74 0.51 29.80  23.47 4.16 4347  32.37

0-20 2.23 7.21 0.64 2298  27.84 2.58 42.9 24.73

Garden 20-40 1.14 7.46 0.57 2476 2487 29.99 4339  26.62

E 40-60 0.99 7.78 0.49 2782 2019 2547 4328 31.25
©

= 0-20 1.98 7.41 0.53 2459 2528 3221  40.19  27.60

Grape 20-40 1.08 7.69 0.51 26.87 2336 2887 4179  29.34

40-60 0.97 7.89 0.47 29.41 2017 2347 40.18  36.35

0-20 1.88 7.43 0.50 2376 3026 3026 4189  27.85

Pasture 20-40 1.06 7.74 0.46 2579 2258 2574 4096  33.30

40-60 0.58 7.92 0.41 2819 1973 20.11  38.89  41.00

Silt, Sand, Clay, CaCOs and OM (%), CEC (Cmol, kg soil*), EC (dS m™), Depth (cm)
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Table 3. Some physical and chemical properties of soil in excavated soil profiles of Tarom region.

Region Landuse  Depth oM pH EC CaCOs  CEC Clay Silt Sand
0-20 1.24 7.38 0.41 20.69 2426 2648 4416  29.36

Vegetable  20-40 1.05 7.43 0.42 2119 2218 2549 4789  26.62

40-60 0.87 7.51 0.39 2385 1849 20.19 4358  36.23

0-20 1.21 7.40 0.43 19.76 2536  28.79  46.89  24.32

Olive 20-40 1.09 7.44 0.42 21.67 2369 2577  49.58  24.65

g 40-60 0.98 7.49 0.40 2396 19.74 19.78 50.14  30.08
e 0-20 1.10 7.44 0.41 2258 2248 26.36  46.69  26.95
Pasture ~ 20-40 0.97 7.52 0.40 2359  20.17 2358 4748  28.94

40-60 0.85 7.56 0.41 24.74 17.49 19.47 45.28 35.25

0-20 1.45 7.39 0.40 18.49 2828 2849 4749 2372

Rice field  20-40 1.38 7.42 0.41 1958 2659 2749 46,59  25.92

40-60 1.03 7.58 0.42 2278 2147 2428 4421 3151

Silt, Sand, Clay, CaCO3 and OM (%), CEC (Cmoly, kg soil %), EC (dS m™), Depth (cm)
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Table 4: Total and DTPA-extractable concentration (mg kg™) of lead, zinc, copper and nickel in different land
uses in the Zanjanroud

. Pb Zn Cu Ni
Region Land Use Depth (€M) pp pTPA)  (Zn-DTPA)  (Cu-DTPA)  (Ni-DTPA)
0-20 201(113)  87.43(363)  3047(156)  35.68(0.79)
Agriculture 2040 17.6(069)  80.46(2.37)  27.46(107)  34.89(0.68)
- 40-60  155(0.54)  7514(2.19)  2358(0.69)  37.49(0.34)
2 0-20 18.3(1.18)  83.47(420)  35.16(184)  34.15(0.80)
g Garden 2040 175(082)  76.84(2.99)  32.47(120)  35.69(0.70)
F 40-60  156(0.61)  7015(2.08)  27.46(0.79)  34.36(0.31)
0-20 18.1(0.86)  80.48(3.33)  28.46(146)  37.49(0.84)
Pasture 2040 165(067)  7648(2.18)  25.82(1.06)  38.76(0.76)
40-60  157(053)  7347(112)  23.46(076)  39.25(0.37)

29 ilizio (L)l ()5 50 SS9 o 59y e ()5 9k 30 055 ne) DTPA L (6 S0 liac 6 g J5 il -8 Jgur
alwo Culid
Table 5. Total and DTPA-extractable concentration (mg kg™) of lead, zinc, copper and nickel in different
land uses in the Mianeh plain

Region Land Use Depth Pb Zn Cu Ni
(cm) (Pb-DTPA)  (Zn-DTPA)  (Cu-DTPA)  (Ni-DTPA)
0-20 20.2(1.32) 81.65(4.14) 36.74(2.31) 25.78(0.79)
Agriculture 20-40 19.6(0.99) 76.49(3.05) 34.16(1.76) 34.15(0.62)
40-60 15.5(0.67) 70.16(2.01) 30.15(1.10) 35.84(0.31)
0-20 18.1(1.01) 72.58(3.10) 40.16(2.46) 30.49(1.12)
Garden 20-40 17.5(0.89) 71.68(2.11) 33.56(1.73) 33.58(0.62)
§ 40-60 16.9(0.52) 64.89(1.57) 30.49(1.13) 36.49(0.32)
§ 0-20 19.9(0.79) 79.68(3.58) 39.45(2.38) 33.46(1.20)
Grape 20-40 19.1(0.75) 75.36(2.34) 34.7(1.85) 35.49(0.72)
40-60 17.6(0.50) 68.87(1.21) 30.46(1.36) 37.58(0.35)
0-20 18.4(0.82) 78.64(2.74)  34.46(2.13)  34.19(1.11)
Pasture 20-40 15.4(0.63) 75.48(2.38) 29.48(1.19) 36.79(0.72)
40-60 15.1(0.51) 70.46(1.99) 27.46(1.08) 37.16(0.35)

Cilizeo (o)l (a6 33l 30 SS9 o (595 o pw (S oS 50 0,5 Luo) DTPA L (6 S0 jlac B g J5 cdalé-F Jgur
polb

Table 6. Total and DTPA extractable concentration (mg kg™) of lead, zinc, copper and nickel in different land
uses in the selected area of Tarom

. Pb Zn Cu Ni
Region LandUse  Depth (€M) oy hrpa)  (zn-DTPA)  (Cu-DTPA)  (Ni-DTPA)
0-20 142(0.59)  74.19(3.83)  37.49(1.53)  36.49(L.11)
Vegetable 20-40 12.5(0.53)  70.13(2.79)  33.24(1.01)  37.46(0.77)
40-60 10.5(0.40)  69.99(2.72)  29.68(0.57)  37.28(0.70)
0-20 15.3(0.66)  76.28(3.09)  4143(1.71)  35.49(1.09)
Olive 20-40 13.3(0.58)  72.73(2.89)  36.78(1.42)  35.99(0.74)
£ 40-60 0.75(0.34)  68.97(1.98)  30.47(059)  36.71(0.69)
e 0-20 12.7(0.61)  78.18(2.41)  32.17(0.98)  37.14(1.09)
Pasture 20-40 10.5(00.53)  75.17(1.48)  30.58(0.87)  38.64(0.75)
40-60 0.58(0.34)  73.27(1.44)  29.98(058)  36.59(0.70)
0-20 12.7(0.75)  81.27(4.10)  22.73(0.98)  35.44(1.12)
Rice field 20-40 12.1(0.68)  80.74(4.06)  19.89(0.87)  34.76(1.08)
40-60 0.43(0.35)  75.49(2.24)  18.67(0.45)  36.89(0.68)
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Table 4. Regional background concentration related to the three study areas

Region Pb (mgkg?) Zn (mg kg?) Cu (mg kg™ Ni (mg kg™
Zanjanroud 15.6 72.9 24.8 37.0
Mianeh 16.3 68.6 29.6 36.8
Tarom 9.8 71.9 27.2 36.9
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