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Remediation of Oil-containing Wastewater Contaminated Soil Using Microbial Agent
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Abstract: Soil contamination by oil —containing wastewater becomes an environmental issue in oilfields, which profoundly affects crop
growth. In this study, one bacterium strain(H6) producing surfactants and 6 dominant bacterium strains(H-1, H-17, H-18, H-19, H-20,
H-23) were screened from oil—-degrading bacteria strains. Then the bacterial combinations of H-6 with any three dominant strains were as—
sessed for their oil-degrading efficiency. A high efficient oil-degrading bacterium group C5(H-1, H-6, H-18, H-19 ) was obtained. A solid
microbial agent(MA ) was produced by inoculating the bacterium group C5 on straw. Bioremediation of oil contaminated soil by MA was ex—
amined in both indoor simulation experiment and field trial by determining oil content, salt index and microbiological properties. In both ex—
periments, applying MA significantly enhanced oil degradation, compared to the control. The bacteria in MA showed halophilic characteris—
tics. Significantly lower pH, electrical conductivity, salt content, sodium adsorption ratio(SAR) and total alkalinity (TA ) were observed in
soils with MA than in the control. Applying MA microbial agent also improved microbial population, microbial biomass carbon and soluble
salt ion composition. These results show that the solid MA may be applied to remediate oil-contaminated soils on large scale.
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Table 1 Primary physic—chemical properties of tested soils

Bod - EWEAR R Elercl  AHUR K7 Nal Gl Mgd  COY HCOY  Cly SOy T Sal

43 Oil content/ pH  conductivity/ Organic kel 1ok cmol -ke-! lb-k B l-xku*' 1-1;*' ke @ h I-Akcr' content/
Tested soil mg-kg™ mS-cm™ matter/g-kg™ CmoTTRE CMOLTRE - CmOLTRE - CMOTTKS T CMOLTKE  CmOTTRg - cmolrks cmoltie cmol kg™
FFEA0  869.45 8.44 0.626 16.25 0.22 6.43 0.25 0.21 5.03 4.00 2.64 3.07 21.87

i 1 144045 8.67 0.661 18.22 0.14 6.57 0.69 0.29 5.57 4.54 1.95 2.55 22.30

2 4 083.30 9.43 0.822 23.24 0.07 7.81
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Figure 4 Changes of soil organic matter content in field experiment
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Table 2 Contents of soluble salt ions in oil-contaminated soil in incubation experiment
Ab ¥ fhE R K/ Na'/ Ca*/ Mg*/ Cco3/ HCOs/ Cl/ SO%/
Treatments Oil content/g-kg™  cmol-kg™ cmol -kg™! cmol -kg™ cmol -kg™! cmol -kg™! cmol -kg™! cmol - kg™ cmol kg™
A 1 0.31£0.04a  5.67+0.10b  0.36+0.02a  0.30+0.04a  4.45+0.11b  3.10£0.06b  2.41+0.05b  2.88+0.13a
A-CK 1 0.26+0.03a  6.32+0.04a  0.28+0.02b  0.23+0.02b  4.88+0.09a 3.77+0.08a  2.60+0.03a 2.98+0.06a
B 5 0.29+0.03a  5.71+0.06b  0.34+0.03a  0.28+0.04a  4.48+0.04b  3.12+0.07b  2.44+0.04b  2.90+0.14a
B-CK 5 0.25+0.02a  6.33+0.07a  0.27+0.02b  0.20+0.02b ~ 4.90+0.10a 3.78+0.07a  2.59+0.03a 2.98+0.05a
C 10 0.28+0.02a  5.72+0.06b  0.32+0.04a  0.27+0.02a  4.51+£0.04b  3.18+£0.13b ~ 2.44:+0.07b  2.93+0.08a
C-CK 10 0.24+£0.02a  6.35£0.06a  0.24+0.03b  0.18+0.02b  4.93+0.09a 3.80+£0.05a  2.61+0.03a 3.00+0.03a
D 15 0.26+0.02a  5.76+0.08b  0.31+0.03a  0.27+0.02a  4.54+0.06b  3.23x0.07b  2.46+0.06b  2.95+0.09a
D-CK 15 0.21+0.02b  6.35+0.03a  0.22+0.02b  0.17+0.01b  5.01+0.03a 3.85+0.04a  2.61+0.03a 3.02+0.04a
E 20 0.24+0.02a  5.80+0.11b  0.29+0.03a 0.26+0.01a  4.57+0.05b  3.26+0.13b  2.50+0.03b  3.00+0.05a
E-CK 20 0.18+£0.02b  6.38+0.05a  0.20+0.02b  0.16£0.01b  5.05+0.07a 3.87+0.06a  2.62+0.01a 3.02+0.03a
F 30 0.20+0.02a  5.82+0.05b 0.28+0.02b 0.23+0.01a 4.61+0.06b 3.36+0.08b 2.53+0.06b 3.02+0.04a
F-CK 30 0.18+0.02a  6.41+£0.02a  0.18+0.02a  0.15+0.01b  5.07+0.09a 3.92+0.04a  2.63+0.01a 3.04+0.01a
T FFIAR NG FROR A PRIATE 5%/KF- 25 w2
Note : Different letters within a column indicate significant difference at 5% level. The same below.
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Figure 7 Soil SAR and TA at the end of incubation experiment
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Table 3 Contents of soil soluble salt ions in field experiment
Y phs: K/ Na'/ Ca*/ Mg™/ CO%/ HCOy/ Cl/ S0%/
Sites Treatments cmol -kg™! cmol -kg™! cmol +kg™! cmol -kg™ cmol -kg™! cmol -kg™! cmol -kg™ cmol -kg™!
1 CK 0.12+0.02¢  6.53+£0.02a  0.63+0.03b  0.25+0.03¢ 5.53+0.02a  4.37+0.04a 1.93+0.03a  2.50+0.02a
AA 0.16+0.02b  6.14+0.03b  0.77£0.05a  0.33+0.02b  4.94+0.10b  3.65+0.12b 1.72+0.04¢ 2.39+0.03b
MA 0.16+£0.02ab  6.06+0.04¢ 0.80+£0.04a  0.35:£0.03b  5.43+0.02a  4.28+0.05a 1.82+0.05b  2.44+0.03ab
AA+MA 0.19+0.02a  5.81£0.06d  0.84+0.07a  0.40+0.02a  4.55+0.07c¢ 3.45+0.13¢ 1.67+0.06¢ 2.41+0.06h
2 CK 0.06+£0.01d ~ 7.75+0.03a 0.45+0.02¢ 0.11+0.01¢ 6.38+0.03a 5.31+0.05a 2.75+0.04a 3.16x0.01a
AA 0.12+0.01b  7.48+0.07b  0.57+£0.05b  0.18+0.03b  5.63+0.17¢ 4.73+0.09¢ 2.61£0.07b  2.95+0.08c
MA 0.09+0.0lc ~ 7.44+0.05bc  0.59+0.06ab  0.16+£0.01b  6.19+0.04b  5.15+0.07b  2.70+0.03ab  3.05+0.03b
AA+MA 0.15+£0.01a  7.33+0.09¢ 0.65+£0.03a  0.23+0.02¢ 5.46+0.09¢  4.22+0.06d 2.44+0.08¢ 2.72+0.04d

T AA AR B MA - BRI B 5 AA+MA : SRR+ RIAR B, I
Note: AA : Improved alkali agent; MA ; Microbial agent; CK : Control. The same below.
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Figure 9 Bacterial population and microbial biomass carbon of soil at the end of incubation experiment
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Table 4 Microbial population and microbial biomass carbon of soil in field experiment
i it M Bacteria/ JZRTA Actinomycetes/ FLIH Fungi/ A ¥k Microbial biomass carbon/
Sites Treatments x10° cfu-g™ x10* cfu-g™ x10° cfu-¢ mg kg™
1 CK 1.74+0.01b 6.59+0.03¢ 4.65+0.02b 140.2+1.78¢
AA 1.77+0.01b 6.68+0.04bc 4.69+0.03b 143.7+3.06bc
MA 2.03+0.04a 6.71+0.04b 4.72+0.03b 147.7+2.15ab
AA+MA 2.04+0.04a 6.83+0.09a 4.82+0.06a 151.8+3.16a
2 CK 1.29+0.07b 3.70£0.02¢ 2.79+0.03¢ 122.4+4.38¢
AA 1.35+0.09b 3.79+0.03b 2.82+0.03ab 126.2+3.62bc
MA 1.66+0.21a 3.82+0.03b 2.84+0.04a 130.2+3.25ab
AA+MA 1.67+0.16a 3.92+0.06a 2.95+0.06a 134.6+3.61a

AR5, AFAEPEEZE B B, WEEE AA+

MA>MA>AASCK (A8 fb R

3 iHe

3.1 MA EFIxmAETR T EDRBMEIRS

B

A2 R SR AR R IRB

H

» >N

SRR

Y SAEAEYIAR ZIE ORI, B0 AR 2 1 2 T LA
YRR WUEYIRER R B A Ts e A2 2
O IMRIDT I R LR AR A ML Qe )
N TSR 15 i S RaT Pl PO RERII R e =R e
Hefe EAR MG, Fe SR i A s e R s, AN TR A ik
TG e IR IR AR R A A B S A
T A AR AR BTG, IR A AE T CK AR B



E BR8P B K 0TS e S R 205

Hh s [l — R 46 A S R A TS g I TR RS R A
MRS CK AN B 255, A sl , s
R 791 TR A 28 00T T 751 A LA i AR 30 i 2 S I 5 o)
FH IR, TN PE R A9 AA+MA FT MA &b B4
REfip R B i TR U INER R Y AA FI CK AZbBR, X3k
B, MA B AT AR T K TS e - 38 P () i 3

ATITE Y I L A T X
HLTAS BB A P 1 W SOR M, R FRialas b, dsn
WA G I R 1.5.10.15 g-ke™ AIT5 4+
AR SRS CK AN2E SR B3, WA 4 i
T 20,30 g-ke! AT YL A HLT SRS CK AL
P22 S 2 L X AT AR R B A T i s g 1
FR YRR A (A BT B e R AR ) R , RS A A3
INT A MU i TR SR AR A T ) e 419
H o U (A BT B R AR (L = T RS AT A
HUE S TR (. H R, 2 SR R b
[ HLST B i 22 AN 3 AE U E Ve R, 14
IR P R A 83 43 BILJT B R AE 1 [ s, A5
A AL 3G, U W B R e A B B A
TG sl A Z2 P DA T A ML S i1 0 o ik 5 25k 5
SEPI R TR A IR — B, RGP A Y A
()3t A S o AL R A Y e A -
IR A
3.2 MA B3 it 7k i bth 5 2 + 438 v b AR M FR O B2 M1

B 771X 6 R 8] 32X 56 45 o 790 Ak B+ 321 pH
et s 8 AR T AR R, CK &b 38, ] RE Al L IR — J2 T 77
HH A B R A A T R A T LR, R A
S A B AR L FE X B R A T ARG . S0 TR
Jei , BHER K* Ca? Mg & i #0m F AR CK Ab2E,
CO3 HCO; CIHI SO & AR TFAH . CK b B ; 4- 35
Ho Tl A Rk, CO%Y JHCOs (CLAT SO [ R gk /N
AT B B R i e B 2 fof - v B R0 A9 T 2
BH o 15 770 A FH )35 AR AT 770 J5 SAR T TA (1{EL
HOACTF AN, CK ARFE, H AR5 H AA+MA ZbFE SAR
FTTA FE R E R T HABALEE, | AA ZbPEAT MA 4b
PR SAR {E AT, MA I ART SAR & A REAIK
BRI

15 %0 R BB S N B ) 5 - A b 8y
MR R R, SAIN CK AbFE2E S W%, HER I
AA+MA ZhBR) R AR RO R, RR AR R
+rhREE T H B A sl AR 2R, X R 2T R
B HP R s i A R A L R LA g R
S ERER A JE AR AN R E S, ik e 3 AT

ERBEME , DA I R A I R A G Pt A —
PrEEMEIT, M A RIS T iR N AT
L, MA B A A R T g R R
3.3 MA EFIxTimokiE T L R MR 0
T X N0 T KA R oy AL S 2 A
5 TR ELA B LA 2, sl 0 0 16 sl 7 A i T
VIR A R PR A, R Yk R
o HE R E Y 19%~4%", HZTEN Y RS
BERPR, e A MU TR 4 Reeia b, B
TR R AN [ 9 5 5 e - 398 v A 40 T R AN s
Yt &2, H W& 5T CK AR, AR5+, 2 4>
A TR MA F AA+MA &b e 1) 20 3 5
AR = AR AY CK AR, R A I A A
et LR IR D RS AR, S T SRR T 7 Al 2k
R A K o 3K T BB BRI I ABRAIR T 3 Ay
IR AL AL, YA T A AR A A

4 g

(1) 5 5008 AT 241, MA B 750 XA [R) 7l 7 12
(1.5.10,15.20.30 g-kg™) MK s Hb 75 e - 32 iy
AR EA BT R ASOR AR 0 B N AT
TR, TSI MA TR0 A B AR S T T 751 Ak 3 - S8 1) A
TR A3 2 S 2 PRI R B &

(2)MA B A i A B I RO, TR
AN I T IE R A A ARRAE AR T
pH HL 5% 4Eh 5 SAR Il TA ZEEh Bt S b .

(3)MA BB AT LA Y i & sh B
FEUR VR R, 55 398 v 7 440 B 450 R R 2 A s e o
P4 [T, TRk D R B B R S A T s

Sk

[1] Kosaric N. Biosurfactants for soil bioremediation[]J]. Food Technol and
Biotechnol, 2001, 39(4 ) :295-304.

[2] Semple K T, Reid B J, Fermor T R. Impact of composting strategies on
the treatment of soils contaminated with organic pollutants|J]. Environ—
mental Pollution, 2001, 112(2) :269-283.

[3] de Bont J] A M. Solvent—tolerant bacteria in biocatalysis[J]. Trends
Biotechnol, 1998, 16(12):493-499.

[4] Gogoi B K, Dutta N N, Goswami P, et al. A case study of bioremediation
of petroleum—-hydrocarbon contaminated soil at a crude oil spill site|J].
Advances in Environmental Research, 2003, 7(4):767-782.

[5] Gomez I, Sartaj M. Field scale ex—situ bioremediation of petroleum con—
taminated soil under cold climate conditions|J]. International Biodeteri—
oration & Biodegradation, 2013, 85:375-382.

[6] Suja F, Rahim F, Taha M R, et al. Effects of local microbial bioaugmen—



296

R S it Y 34 EFE2H

tation and biostimulation on the bioremediation of total petroleum hy—
drocarbons (TPH ) in crude oil contaminated soil based on laboratory
and field observations[J]. International Biodeterioration & Biodegra—
dation, 2014, 90:115-122.
(7] A, TRFRIE Th AR A R AL i S A g LI s
MBFFEI]. A IRERL 4R, 2011, 30(8) 1 1567-1572.
ZHAO Shuo-wei, SHEN Jia—shu, SHEN Biao. Construction of multiple
bacterial consortium and its application in bioremediation of petroleum—
contaminated soil[J]. Journal of Agro—Environment Science, 2011, 30
(8):1567-1572.
[8] BEEMK, Fvdz 22, FHEVHT, 55 AW BRI £riis Ye L e s 52 A
FBIBFFE[T]. R, 2009, 30(6) : 1838-1843.
HUANG Ting-lin, XU Jin-lan, TANG Zhi—xin, et al. Bioremediation of
petroleum hydrocarbon contaminated soil by bioaugmentation products
[J]. Environmental Science, 2009, 30(6 ) : 1838—-1843.

O W20, Mk 4, Wl R, 45 TR - AN T P R 5 A it e MY
Y SEIR(T]. BRERLF, 2008, 29(2) :454-461.
HAN Hui-long, CHEN Zhen, YANG Jian—min, et al. Field scale
demonstration of fungi—bacteria augmented remediation of petroleum—
contaminated soil[J]. Environmental Science, 2008, 29(2 ) :454-461.

[10] 45 Juds, IR [, BR4E A, 45, AR W o) 0 i s 9 T iz 2
WIFEN]. REE TR, 2011, 5(6): 1414-1418.

XU Jiu-bing, CHI Jian-guo, QIU Wei—zhong, et al. Remediation of
petroleum contaminated soil by bacterium microbial agent[J]. Chinese
Journal of Environmental Engineering, 2011, 5(6):1414-1418.

[11] Thapa B, Kumar A, Ghimire A. A review on bioremediation of
petroleum hydrocarbon contaminants in soil[J]. Kathmandu University
Journal of Science, Engineering and Technology, 2012, 8(1):164—
170.

[12] SR K HLTS G 1A I R HOR BEFE D). K AR 5 pRR
k2%, 2011:25-31.

HU Yong—zhe.Research on bioremediation for contaminated soils by oil
field wastewater[D]. Changchun: Jilin Agricultural University, 2011
25-31.

(3] L, 2 W, k. B -2 AME I E L rp A2y i &
T[] AR AR, 1999, 23(6) : 82-83.

LI Ji—yun, LI Li, FENG Cheng—wu. Determination of oil content in soil
by ultrasonic and ultraviolet spectrophotometry[J]. Journal of the Uni—
versity of Petroleum, 1999, 23(6):82-83.

[14] i+ H. +3RAHIM. Jb5t gl e, 2000.

BAO Shi-dan. Soil agro—chemistrical analysis|M]. Beijing: Chinese A—
griculture Press, 2000.

[IS]0k ¥, HA, 27K BUEYFSLR M), =i Jeat S S8 T
HipE, 1999, 92.

SHEN Ping, FAN Xiu-rong, LI Guang—wu. Microbiology experiment
[M]. Third edition. Beijing: Higher Education Press, 1999, 92.
[16]4T %, BOEEMR. LIRS eI AL FRIE AR, 2000, 19(6):

360-363.
REN Lei, HUANG Ting-lin. Contamination of soils by petroleum[]].
Agro—Environmental Protection, 2000, 19(6) :360-363.

[17] Margesin R, Schinner F. Bioremediation (natural attenuation and bios—
timulation) of diesel—oil—contaminated soil in an alpine glacier skiing
area[]]. Applied & Environmental Microbiology, 2001, 67(7):3127-
3133.

[18] Kleinsteuber S, Riis V, Fetzer I, et al. Population dynamics within a
microbial consortium during growth on diesel fuel in saline environ-—
ments[J]. Applied & Environmental Microbiology, 2006, 72(5):3531—
3542.

[19] sKkIEFH, Z=HL5E, SRR . Bdtaiiis Jext 3 b i B2 ().

KA, 2013, 20(3):32-38.
ZHANG Xiao-yang, LI Kai-rong, ZHANG Lin—jun. Effect of petroleum
contamination on physical and chemical properties of soils in oilfield of
Northern Shaanxi [J]. Research of Soil and Water Conservation, 2013,
20(3):32-38.

[20] 5%, L0V, . 3R, S5 AWADUIEN I TR0 . FORAL

BRIAE P8 K= w52 )], el i, 2011, 17(23):99-
102.
LI Bei—qi, SHAO Hong-tao, MENG Yao, et al. The effect of bio—organ—
ic fertilizer on the nutrient of saline soils, number of microorganisms in
rhizosphere and production of maize[J]|. Anhui Agri Sci Bull, 2011,
17(23):99-102.

[21] RHE, P A% 2R, Ve, 5. SEER b AT bl 1 R 1k 5 LS

I3 WAEMIRIE R Aol R, 2007, 43(HE ) 1) :28-32.
SONG Hai-yan, LI Chuan-rong, XU Jing—weli, et al. Correlations of
soil enzyme activity and microbes, nutrients in soil of Jujube orchard in
coastal saline land[J]. Scientia Silvae Sinicae, 2007, 43 (Suppl1):28-
32.

[22] Leahy J G, Golwell R R. Microbial degradation of hydrocarbons in the
environment[J]. Microbial Rev, 1990, 54(3):305-315.

2317 &5k P EERTRAAITTEIER B T JR R, 2007(1):
31-32.

NING Zhuo, ZHANG Bo. The research progress and application of
halophilic bacteria[J]. Jiangsu Salt Science & Technology, 2007 (1) .
31-32.

[24] SR ILFN, BTG AR, 205, 55, A [ et BRI LA LR 505
R RSN 36, 2004, 36(3):72-75.

XING Shi—he, XIONG De-zhong, ZHOU Bi-qing, et al. Effects of var—
ious modifiers on soil biochemical properties and tobacco yields[]J].
Chinese Journal of Soil Science, 2004, 36(3).72-75.

251X {2 R, & I B YIERHE LB RSB E I (T]. 3
HEWrEdRa, 2001, 21(1):33-36, 46.

LIU Jian, LI Jun, GE Cheng. Advance in role mechanism of microbial

fertilizer[J]. Journal of Microbiology, 2001, 21(1):33-36, 46.



