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Experimental Study on In-Situ Micro—ecological Remediation for Oil Contaminated Soil in Loess Region of
North Shaanxi Province

ZHANG Sheng', CHEN Li', CUI Xiao-mei%, XUE Shan®, ZHANG Cui-yun', LIN Wen—jing', LI Zheng-hong', YIN Mi-ying', MA Lin-na',
ZHANG Fa-wang'

(1. Institute of Hydrogeology and Environmental Geology, CAGS, Zhengding 050803, China;2. Chinese Academy of geological Sciences,Bei—
jing 100037, China;3. Chang’an University, Xi’an 710054, China)

Abstract: In order to remediate oil contaminated soil in loess region of North Shaanxi Province, micro—ecological techniques of optimized in—
situ microbial communities and physical chemistry methods combined with geo—environmental factors were used for experimental studies on
oil degradation and polluted soil remediation. In this experiment, 3% optimized microbial populations, which were primarily identified as
Pseudomonas, Micrococcus, Actinomayces, Penicillium and Aspergillus, were added into the experimental plots, and soil temperature (keep
soil temperature above 25 °C ), moisture content(keep soil moisture content about 20% ), oxygen and other nutriments ( control soil N, P, S, K,
Ca, Mg, Fe contents according to shares )were adjusted. The results of the experiment showed that oil with average contents of 2 318.5 mg -
kg™ added artificially into soil in the experimental plots can reduce by 68.47% to 84.30% after the in—situ enhanced microbial ecological re—
mediation for 11 to 32 days, whereas oil added artificially into soil in the reference plot varied little in content of oil, and rate of oil degrada—
tion varied within 10%, which suggested that oil degradation in soil under natural conditions was slow. This experiment demonstrated the ef—
fectiveness of the in—situ microbial ecological remediation methods for oil contaminated soil in loess region of North Shaanxi. In addition, it
was discussed for feasibility of extend application of the technique.

Keywords: loess region of North Shaanxi Province ; 0il contamination; in—situ; micro—ecological remediation
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Table 1 Results of oil contents and removal rate with time in the soils of different plots

BAEHINOA/H) 8/19 8/23 8/26 8/30 9/4 9/9 9/14 9/20
IS KA/ 0 3 7 11 16 21 26 32
A5 X /mg kg™ 2302.0 1 868.0 2335.0 422.6 731.0 516.0 557.8 364.0
XJ REIX /mg-kg™! 2279.0 24420 2245.0 21220 15322 18552 2 110.6 2120.2
AJEIX mg- kg™ 4.6 18.2 4.0 0.95 575 29.55 46.55 159.0
106 X 2 BR /% 0 0 0 81.77 68.47 71.74 75.94 84.30
Vs KBRHE DL 0.7 4 T4 0 BRI (2 318.5 meg ) FHEE 25 3 d (ORI AEHE D20 5.
x2 ABEREZAX(— AHRS5MRES KRIEREC)
Table 2 Weather and the highest and the lowest temperature of ground surface in the test plot and the reference plot
during August to September, 2007(°C)
HI/H 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3
PNat [ I fig W Z2x 2z ] 5] (] [ EZ N s Z=x i
X [ 50.5 46.5 38.0 26.5 35.0 47.5 44.0
1% 19.0 18.4 18.2 21.5 19.0 21.5 15.5 21.5
= = 42.5 51.0 39.5 41.0 41.5 23.5 38.0 44.5
1% 17.8 18.5 19.0 16.5 18.0 16.2 11.5
H it 4 5 6 7 8 9 10 11 12 13 14 19 20
FN EZ N B ST | [} G} G} W Zx W % g i
X = 38.5 18.5 37.5
1K 17.0 175 165 22,0 205
S| =1 325 20.5 29.0 42.0 25.5 21.5 27.0 17.0

1% 14.0 9.0 9.5 11.2 9.5 5.5
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Table 3 Soil (5~15 c¢m depth) temperatures(°C) in the test plot and the reference plot at 8 and 18 in September, 2007
H i) R i
2 3 4 5 6 7 8 9 10 11 12 14 19 20
RIGIX 8 Sem 250 228 231 230 230 200 205 200 230 235 230 17.0 14.0
8f  10em 257 232 240 245 230 220 215 200 235 240 245 185 16.0
8if  15em 250 232 240 245 240 230 220 225 240 245 245 200 17.0
2K 8 Sem 167 16.5 16.8 16.2 14.0 15.0 14.0 14.0 16.0 155 160  13.01 10.0
8if  10em 175 17.0 16.5 17.0 14.0 15.0 15.0 145 17.0 16.0 17.0 14.0 10.0
8 15cm  19.3 17.0 18.0 17.5 17.0 155 15.5 155 17.0 16.0 17.0 14.0 13.0
WX 18K Sem 325 288 30.1 250 210 260 280 270 18.0
181 10em 302 272 280 260 220 270 275 275 19.0
188  15em 282 261 270 260 225 260 265 265 19.0
ZSEX 188F Sem 245 225 222 18.0 17.0 230 215 220 220
18 10em 230 217 223 17.0 16.0 220 210 210 17.0
18 15em 230 208 22.1 18.0 16.0 215 200 210 17.0
F 4 EXL1E pH BKEE55AEH NH NO; &= ETHMKLE R
Table 4 pH, moisture contents, contents of soluble salt, NHi and NO;3 with time in soils of different test plots
BAEHBICA/R) 8/20 8/23 8/26 8/30 9/4 9/9 9/14 9/20
PO 1 3 7 11 16 21 26 32
135 X pH 8.1 75 7.3 8.1 7.5 7.6 8.0 7.7
TR X K /% 9.8 20.31 18.6 25.39 22.42 21.82 21.53 21.18
IR X G i img kg™ 1445 2235.0 2045.0 1015.0 1 150.0 764.5 714.0 957.5
I35 X NHi/mg kg™ 233.85 475 13.75 13.75 5.0
IR X NOi/mg-kg™ 830.3 256.0 2533 287.6 261.7
XA X pH 8.1 8.2 8.4 8.5 8.6 8.9 8.8 8.7
K HE X 55 7K Ak /% 9.18 7.41 9.31 15.75 17.09 15.72 16.45 11.35
XiF MR X ) 5 dh /mg kg ™! 144.5 116.0 132.0 93.6 58.45 57.45 5295 37.4
X FRIX. NHi/mg-kg™! 15.0 11.25 1.5
XFRAIX NO3/mg kg™ 54.0 42.7 41.6 29.3
2H X pH 8.1 8.2 8.4 8.4 8.5 8.7 8.7 8.8
25 X K% 9.18 6.94 8.04 15.19 13.74 13.39 13.59 8.85
2 F X G i /mg kg™ 1445 117.0 131.0 88.1 63.8 49.25 4825 4935
23 41X NHi/mg-kg™ 7.4 12.5 12.5 3.0
25 HIX NO3/mg kg™ 43.0 94.8 489 345

—E M pH AEME B AR S pH (B . KU R 1 il
pH (K 6.5~7.5,7k £ 14 pH {Hh 7.5~8.0, EL & v] LA7E
Iz pHERINARK AR, i pHEE3 LIF 9 LIk
hReAE R, Sl fE 5~6, FHER 4 19 pH BT AT %0, 3k
55 XA T — 2 i B BEIR b 2% v A48 pH {E AR R
1E 7.3~8.1 jt%f 8 ZeAq, M 4340 T o fik AT e

%P‘jjﬁw 23 X KR X pH {H7F 8.1~8.9 [t
TR [X ey — L 1El TE I pH {7 BB P9 X LR 565 g
K,

KSR AR AR AT B FEAR Y I, AL A B 0 A il {5

W fifeaod A v B4 R A AT AR B R R PRI 7 3 X
%ﬁiﬁ%%wﬂi TR, — R IRFLE 20% 2547, 1E
BUUBEES ALY 4% A BIK, 2R 4 80 onils:
JZ& SRR DR , AR A0 S K et T AR Y
WEARAE ] BEASGRAIE TIOR8 F X KRR
F18 5 KR, o R DX PR A B S A ) A e 31—
E BIBRIRAE R, 5 7K B e 8 X (B R )
AR 2R S IR, SR FUE RN Z —
BIRICR LS SIMCE Y AN ZE A AL RS Y 15 1
Wy Wik R G0 A SRR BTG 3 T B RE SR
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2.3 REEENRERX TE L E#

72 5 2 T8 WU R I A5 DX FRAN W] R B
177/ pH . FK & Z iR NHI NOs & &k,
A 5 S T O 3 DX 0 J2 1 - 2 A i
FERA BRI SXEIRFZS X A ZEA 2

YRR Z L3 BT 0] T 9 AR
M pH EKEE Sl NHE NO; & s nl & AN [
TR IR 1 X, WAt U 55 S R R E R
Py Joi— o BEAKTHEA T2 2R 45 J5 2k
15 TARXIK & A0 5 8 SR W BRI 5 5 2 A
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3 #ig

(1) X et 3 A iR XA il T Y 451
A A B G T AR IR A o, R AR
(3 LY R A AL 2E i 5 R BT
FZE A AR SR, 7 TR X - HERE OK 4
RVEFRICER MU R A A X 3 A
G e 0 R S48 RS R R 25 R R, 14
TN A RS2 & A 2 318.5 mg kg B, 48
it 11~32 d JEi i A B R AR B R, 3
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Table 5 Oil contents, pH, moisture contents, contents of soluble salt, NHi and NO5 with depth in different plots after experiments

2 X ARAS IR A1iH/mg kg pH TR % Sy img kg NH;/mg-kg™ NO3/mg kg™
RERIX 20~25 em 61.9 7.8 14.04 821.5 70.0 246.4
IRI[X 30~35 em 102.2 8.0 15.27 612.0 5.0 242.7
IR [X 45~50 em 87.7 8.0 17.78 504.0 3.0 242.6
XFHR[X 20~25 cm 90.15 8.5 13.06 97.0 1.5 24.2
Xt AEIX 30~35 cm 58.31 8.4 13.51 96.5 15 222
Xt HAIX 45~50 em 76.45 8.4 14.67 123.0 15 18.4
25X 20~25 cm 99.42 8.7 10.8 68.1 3.0 24.1
25 X 30~35 ¢cm 36.55 8.7 10.58 80.2 1.5 32.7
25 X 45~50 ¢cm 36.95 8.5 14.09 171.5 1.5 31.6
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