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Vertical distribution and influencing factors of heavy
metals in oilfield soil in the Yellow River Delta
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(1. Yantai Institute of Coastal Zone Research Chinese Academy of Sciences Yantai 264003;

2. University of Chinese Academy of Sciences Beijing 100049)

Abstract: In the Yellow River Delta region long-term exploitation of oil and gas in Shengli Oilfield
has caused the deterioration of soil environmental quality in the oil production areas. Soil samples
were collected from the oil-contaminated area of Shengli Oilfield. The distribution of 10 heavy metal
elements (Pb V. Cr Mn Fe Co Ni Cu Zn and Cd) soil particle size and total organic

carbon ( TOC) specific gravity under the influence of petroleum pollution were studied.The results
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showed that the soil particles ds of 19 soil profiles ranged from 18 to 44 um most of which
belonged to fine sand. The vertical distribution of heavy metals in the soil profiles of the oilfield
contaminated area was significantly different from that of the non-polluted area. Affected by
petroleum hydrocarbons and their degradation products the eight major heavy metal (Pb V. Mn
Fe Co Cu Zn and Cd) in the 0—10 cm or 10—20 cm layers of the oilfield has the highest. The
maximum values are 32.51 88.04 336.9 2.530x10* 9.76 23.46 87.15 and 0.38 mg*kg™
respectively. The control group was influenced by the process of soil formation and there were two
different changes of heavy metals in the deep layers of soil ( 30—50 c¢m) . In addition through
cluster and correlation analysis in the oilfield the eight major heavy metals (Pb V. Mn Fe Co
Cu Zn and Cd) were mainly impacted by the leakage of petroleum in the shallow layers but the
deep layers were mainly affected by the soil background value. The correlation between heavy metal
contents and TOC ( removed the surface layer) is high. Cr and Ni were affected by the soil formation
process. The eight heavy metals in the non-eil area were affected by the atmospheric deposition and
soil formation. There is a general negative correlation between heavy metal content and clay silt
particles but there is no obvious correlation between the content of heavy metals and TOC. Overall
the results show that the content movement and distribution of heavy metals in the oilfield soil are
influenced by oil pollution and oilfield development. This study will provide a scientific and
theoretical basis for the prevention and control of heavy metals—petroleum hydrocarbon composite
pollution in the Yellow River Delta wetland.

Keywords: soil particle size heavy metals TOC petroleum pollution vertical distribution.
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Table 1 Soil particle size and TOC vertical distribution
Percentage /% Patticle size/pm TOC
Sample name Depth fem <2.00 pm  2.00—20.00 pm  >20.00 pm dy s
D19—46 0—10 4.48 24.13 66.10 38 3.95
10—20 5.83 34.04 58.33 28 0.91
20—30 4.27 20.88 72.94 38 0.11
30—40 4.13 22.16 65.89 40 0.07
40—50 4.30 20.30 74.64 39 0.13
D20-5 0—10 3.58 19.53 74.78 44 1.05
10—20 6.47 53.85 39.68 18 0.23
20—30 6.28 46.92 46.80 21 0.14
30—40 — — — — 0.26
D207 0—10 3.57 27.28 69.15 32 0.18
10—20 4.61 43.88 51.51 23 0.20
20—30 3.78 29.59 66.63 29 0.09
30—40 3.32 14.79 81.88 42 0.07
40—50 3.92 24.48 71.60 34 0.13
D20-23 0—10 3.65 28.75 67.60 30 0.26
10—20 3.86 26.79 68.06 33 0.16
20—30 3.81 25.44 67.56 34 0.21
30—40 5.71 41.41 49.90 24 0.31
40—50 3.78 27.18 69.04 32 0.22

. D205 30—40 cm

Note: The original soil sample of the D20-5 sample 30—40 cm layer is lost and the sieved sample cannot be used for soil particle size

measurement  so the layer particle size data is lacking.

2.2

145 Na.Al.Cu.Fe
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2
Table 2 Vertical distribution of heavy metal content in soil
Heavy metal mass fraction/( mgekg™")
Sample name  Depth/cm Pb v Cr Mn  Fe(x10%)  Co Ni Cu Zn Cd
D19—46 0—10 25.1 74.4 29.5 281.4 1.957 7.4 1.2 21.2 62.3 0.35
10—20 325 88.0 37.8 336.9 2.530 9.8 7.8 23.5 87.1 0.38
20—30 13.7 75.3 35.9 307.4 1.942 7.4 3.4 14.4 46.5 0.25
30—40 14.0 72.4 69.9 294.7 1.768 7.3 19.4 13.0 42.9 0.28
40—50 18.5 72.5 30.0 293.8 1.667 6.5 12.8 53.8 0.23
D20-5 0—10 11.70 29.69 28.79 131.89  0.9840 4.10 19.19 8.73 36.77 0.12
10—20 12.48 33.22 26.73 146.61 1.100 4.62 18.85 9.44 35.30 0.11
20—30 9.67 26.23 26.33 139.04  0.8350 3.51 16.90 6.82 24.65 0.12
30—40 10.65 31.86 29.94 156.99  0.9703 4.29 20.43 8.31 28.57 0.11
D207 0—10 8.2 33.5 48.1 150.9 0.9663 4.1 27.5 7.8 28.8 0.14
10—20 1.8 17.6 37.94 97.5 0.6136 2.2 0.9 5.0 24.6 0.07
20—30 6.2 31.5 27.95 137.8 0.8734 3.4 17.1 7.0 25.2 0.13
30—40 11.3 49.2 43.5 294.3 1.837 7.8 23.3 14.6 42.1 0.18
40—50 11.4 56.0 45.5 312.7 2.005 8.4 24.5 15.6 45.9 0.15
D20-23 0—10 12.18 38.23 29.67 173.78 1.121 4.65 20.85 11.18 34.14 0.13
10—20 9.62 32.70 33.82 155.06 0.9676 3.99 20.78 8.60 28.56 0.13
20—30 10.36 36.75 32.54 172.49 1.130 4.67 21.44 10.08 32.70 0.14
30—40 9.30 30.82 26.50 152.55 0.9088 3.86 18.22 8.76 29.08 0.15
40—50 7.08 30.25 27.92 128.51 0.8561 3.43 17.27 7.08 25.75 0.13
16 25.8 66.0 25.8 24.0 63.5 0.084
7 35 — 90 — — — 40 35 100 0.2
350 — 250 — — — 60 100 300 1
i1 6.2 ( GB15618—1996) 7 .
Note: 1 The background value of soil elements in Shandong Province ' ; 2 China Soil Environmental Quality Standard ( GB15618—
1996) 7.
2.2.1
1 1 D19—46 Pb.V.
Mn.Fe.Co.Cu.Zn Cd 8 10—20 cm 32.5.88.336.9.2.530x%
10*.9.8.23.5.87.1.0.38 mg-kg™'.D20-5 Pb.V.Fe.Co Cu 12.48.33.22.1.100x 10"\
4.62.9.44 mg-kg™' 10—20cm  Zn Cd 0—10 cm 36.77 mgekg™'
0.12 mgekg™". Ni 30—50 cm 69.9.29.94 mg-kg™'
19.4.20.43 mgekg™'. D19—46 Pb.Zn  10—20 c¢m 30—40 cm
3 Cd
; D205 5 Cd ;
D19—46
D20-5 D19—46
1 .D20-7 10—20 cm
7 (Pb.V.Mn.Fe.Co.Cu Zn) 40—50 cm
11.4.56.312.7.2.005%10*.8.4.15.6.45.9 mg*kg™; Cr Ni 48.1 mg+kg™'
27.5 mg-kg™'.D20-23 10 40—50 cm 7.08.30.25.26.5.
128.51.0.8561x10%.3.43.17.27.7.08.25.75.0.13 mgekg". D207 Ni 0—10cm
; Cd
D207 D205 D20-5

D204 D205
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Fig.1 Distribution of heavy metals in soil profiles in oilfield and non-oilfield areas( mgekg™)
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Fig.2 Cluster analysis results of soil heavy metals
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Table 3 Heavy metal particle size and TOC correlation in oilfields areas
Pb v Cr Mn Fe Co Ni Cu Zn Cd
Pb 1
\% 0.744" 1
Cr 0.022 0.435 1
Mn 0.689  0.994* 0.465 1
Fe 0.844™  0.965™ 0.360  0.945* 1
Co 0.835™  0.962™* 0.418  0.943™  0.997* 1
Ni -0.563  -0.695 0.252 -0.687  -0.625  -0.570 1
Cu 0.948™  (.849™* 0.153 0.798"  0.929™ 0915  -0.621 1
Zn 0.977™  0.822" 0.100 0.775°  0.910™  0.904™  -0.589  0.947* 1
cd 0.863*  0.932™* 0.388  0.904™ 0952  0.947*  -0.608  0.951  0.880* 1
0.071 -0.288  -0.326  -0.282  -0.156  -0.147 0.238 -0.066  -0.038  -0.192
-0.166  -0.525  -0.347  -0.522  -0.402  -0.388 0.442 -0.294  -0.281 -0.428
0.125 0.462 0.214 0.462 0.340 0.320 -0.476 0.229 0.249 0.338
TOC 0.507 0.221 -0.232 0.139 0.270 0.232 -0.389 0.569 0.390 0.468
% P<0.05; % * P<0.01.
4 N TOC
Table 4 Heavy metal particle size and TOC correlation in non-vilfield areas
Pb v Cr Mn Fe Co Ni Cu Zn Cd
Pb 1
v 0.808 ™ 1
Cr 0.102 0.450 1
Mn 0.690" 0.961 0.542 1
Fe 0.692" 0.969 ** 0.546  0.998* 1
Co 0.725" 0.975™ 0.540  0.997™  0.998* 1
Ni 0.188 0373 0.942* 0.428 0.434 0.438 1
Cu 0.818™  0.968™ 0.427  0.972™ 0972  0.978* 0.378 1
Zn 0.727" 0.944 * 0.535  0.977™ 0979  0.980* 0.479  0.985* 1
Cd 0.802" 0.782" 0.191 0.720" 0.706" 0.738" 0.132 0.737" 0.646" 1
-0.297  -0.425  -0.395  -0.336  -0.376  -0.363  -0.342  -0.323  -0.306  -0.260
-0.648"  -0.756" -0.387  -0.685° -0.705" -0.710" -0.294  -0.676" -0.621  -0.725"
0.569 0.722" 0.431 0.656" 0.680" 0.679" 0.322 0.634 0.590 0.643"
TOC -0.005  -0.431 -0.499  -0.490  -0.494  -0.463  -0.261 -0.334  -0.354  -0.270
% P<0.05; % % P<0.01.
10 N TOC Pearson
( 3.4) 2 Cr.Ni 8
Pb  Mn
Ni ( ) Cr
; Cr Ni 3.4
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