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Properties and Contamination Mechanism of Soil Flooded with Oil-containing Wastewater

WANG Tie—yuan', DOU Sen", LIU Lu—jun? CUI Jun—tao', LIN Chen-ming', ZHANG Zi-hao'

(1.School of Resource and Environment Science, Jilin Agricultural University, Changchun 130118, China; 2.Fuyu Oil Production Plant,
Petrochina Jilin Oilfield Company, Songyuan 138000, China)

Abstract: Oil exploration and production produce large amount of oil —containing wastewater that is usually returned into the underground
oil producing zones by water injection. Due to accidents such as water pipeline leakage, however, the soils nearby were flooded by leaked
oil-containing wastewater. Such soils seriously affected plant growth. In this study, oil-containing wastewater flooded soils and the adjacent
soils with normal crop growth from the Jilin oilfield were used to examine their oil content, ion composition and microbial community. The
results show that organic matter content, pH, electric conductivity, sodium adsorption ratio (SAR ), total alkalinity (TA ), and salt content
in oil-containing wastewater flooded soils were higher than those in control soil, contaminated soils showed obvious alkalinization. Compared
with the control soil, oil content, the proportions of Na,CO; and NaHCO; in salts, and ratios of Na*/K*, Na*/Ca** and Na*/Mg** were all higher
in the contaminated soil, while the microbial population decreased in the contaminated soils. In conclusion, oil-containing wastewater pol—
luted soils through modifying ion composition and microbial community and alkalinizing soils.
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Table 1 Profile of sampling sites
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Table 2 Basic properties and soluble salt ion concentrations in oilfield wastewater(cmol * L)

£1iE & Oil content/mg- L™

pH  HL5# Conductivity/mS+ecm™  Ca

Mg K* Na* coy  HCO; cr SO%

740.3 7.22 4.89 0.251

0.143 0.000 6.34 0.416 335.0 3.65 1.07
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Figure 1 Content of petroleum in studied soils
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Figure 2 Sodium adsorption ratio of soils
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Table 3 Organic matter content, pH and electrical conductivity of studied soils

KA 13 Soils Cl c2 C3 CK1 CK2 CK3
F ML Organic matter/g-kg™ 25.05+1.36b 22.88+0.45¢ 27.83%1.49 13.27+0.45d 14.62+0.83d 12.900.65d
pH {E 9.1620.13a 8.97+0.17a 9.12+0.21a 7.51=0.14b 7.42+0.09b 7.65+0.11b
1 5:3% Conductivity/mS+cm™ 0.65120.05h 0.595+0.02¢ 0.7120.03a 0.07820.01d 0.065£0.01d 0.07120.01d

#:C1.C2.C3 Al CK1.CK2,CK3 25 R 1.2.3 Abfty75 4% DX IAn0s B DIl [ — AT 40 I 1/ NG B 5% 38 22 5K P T L

Note: C1,C2.C3 and CK1,CK2,CK3: Contaminated and control soils from sampling site 1,2,3,respectively. Different lowercase letters within a row in—

dicate significant difference at 5% level. The same below.
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Figure 3 Total alkalinity of sampling site soils
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Figure 4 Correlation of electrical conductivity and content of Na*

and CO% in soils
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Table 4 Content of soluble salt ions in soils

SR b A-3E Soils Cl 2 CKI1 CK2 CK3
Na*/cmol -kg™ 6.49+0.20a 5.68+0.34b 6.56+0.47a 1.71+0.26¢ 1.78+0.22¢ 1.63+0.22¢
K*/cmol - kg™ 0.18+0.03b 0.21+0.03b 0.1920.03b 0.39+0.03a 0.34+0.03a 0.34+0.05a
Ca*/cmol -kg™ 0.14+0.03b 0.16+0.04b 0.130.03b 1.10+0.20a 1.38+0.55a 1.18+0.20a
Mg*/emol -kg™ 0.120.02b 0.18+0.06b 0.150.07b 1.43+0.15a 1.18+0.55a 1.40+0.10a
Cl/cmol kg™ 2.52+031a 2.0420.31b 2.2120.38ab 0.88+0.13¢ 0.97+0.21c 0.79+0.10¢
HCO;/cmol -kg™! 4.22+1.36a 4.01+0.79 3.82+0.67a 0.87+0.13b 0.77+0.13b 0.7320.19b
CO¥/cmol kg™ 5.20£1.15a 4.95+0.31a 5.28+0.73a 0.87+0.20b 0.93+0.20b 0.97+0.18b
SO¥/emol kg™ 3.09£0.16a 2.67+0.49a 2.85£0.55a 0.88+0.02b 0.8420.21b 0.920.27b
4k /emol -kg! 21.95+0.76a 19.88+0.22b 21.1920.37a 8.12+0.13¢ 8.21+0.16¢ 7.96+0.64c
Na'/K* 35.69+3.65a 26.78+3.90b 34.2624.62a 4.4320.41c 5.23£1.05¢ 4.8120.22¢
Na/Ca® 46.69+10.06a 36.79+9.24a 51.64+16.47a 1.62+0.53b 1.44+0.63b 1.39+0.19b
Na/Mg** 57.58+14.77a 34.25£10.24h 52.45+26.39ab 1.19+0.08¢ 1.87+1.17¢ 1.17+0.22¢
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Figure 5 Content of Na*, Ca®* and Mg* in soils
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Table 5 Population of bacteria, actinomycetes and fungi, and

microbial biomass carbon in soils

< 1 o ‘ g H E iy
SKHEEHL 21 Bacteria/ Acti)fify,fleles/ ];l;nj/
+4 Soil - x10° cfu-g” !

T b
Microbial biomass
x10* cfu-g”  x10° cfu-g”’ carbon/mg-kg™”

C1 1491+1.79¢  3.33x1.24c  3.85+1.17b  130.6+9.29b
C2 13.67+1.71c ~ 3.87+0.88¢  4.19+0.83b  126.1+7.73b
C3 12.49+1.77¢  2.87£0.72¢  2.75+0.73b  122.4+5.32b
CK1 24.02+2.02ab  10.61+2.05ab 11.58+1.40a  159.6+7.71a
CK2 22.49+2.62b  8.67+1.33b  12.03x£1.57a  166.3+8.20a

CK3 27.13x1.99a  11.27+1.75a 10.48+1.28a 160.5+12.90a

T« Al — SN BRIV T By 5% 583522 5K
Note: Lowercase letters within a column indicate significant difference

at 5% level.
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