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Effect of tall fescue on electro—bioremediation of petroleum—contaminated soil

MENG Xin"?, LI Gang"*', GAO Peng'?, BIAN Cheng—peng'?, GUO Shu-hai'’

(1.Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3.National-Local Joint Engineering Laboratory of Contaminated Soil Remediation by Bio—physicochemical Syner-
gistic Process, Shenyang 110016, China)

Abstract: In this study, the effects of plants on the changes in electric current, the quantity and activity of soil microorganisms, and the re-
moval of pollutants through the process of remediation of contaminated soil were investigated by planting (tall fescue) in the electro—biore-
mediation system. Four treatments were set up in the experiment: (1) Electro—bioremediation (EK+BIO), (2) Electric—phytoremediation
(EK+P),(3)Phyto—bioremediation (P+BIO ), (4 ) Phyto—electro—bioremediation (EK+P+BIO ). The experiments were performed for 60 days.
The results show that the tall fescue has a significant retarding effect on the reduction of electric current in soil. Compared with the test
without the electric field, the biomass of tall fescue was higher in the test with the electric field. After 15 days, the number of microorgan-
isms and the amount of dehydrogenase activity in the EK+P+BIO group increased by 22.23% and 23.36% respectively, which were signifi-
cantly higher than those of other tests. At 30 d and 60 d, the number of microorganisms and the amount of dehydrogenase activity in each
treatment were reduced, but the values of the EK+P+BIO group were still the highest in all the treatments. In addition, 48.21% of total pe-
troleum hydrocarbon was removed in the EK+P+BIO group, which was significantly higher than other treatments. Therefore, the planting of
tall fescue can effectively delay the trend of electric current attenuation, provide a favorable root zone environment for microorganisms, im-
prove soil microbial activity, and improve the removal rate of total petroleum hydrocarbon in the electro—bioremediation system.

Keywords: electrokinetic remediation; petroleum—contaminated soil; electric current; rhizosphere microorganism; enzymatic activity
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B N BRI ARL AT A AR 2R G A EL I KPR, SRS
TAYLG R HIRBE T ACR 5 BA B 2R SR
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BORROR IR S 5 R TR BTl 22 I (] 54 A
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B HGE RS . C A BEFEIE X A7 02875 ey &
B Bl AR 2 A, X R B (249 3.59% ) A1 T e
TR R M. 1 RGNS ATl
figp T, 0 3 BF T BH BH AR DD e B 3 A TR R AR R
60 d - E M RS B Rl e P i 2
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1537 ] P AR BRI AR e

1 MREFE

L1 X8+ #5801 it
P R A ERR A B T BH S AR 2S5 B
Rl SR AR AR 2 A 3 TR B A sk i

FAAE 3R, WS S 3 2 mm 97 25 FH o F R
B AL s T AR AR S IR A
A7, FE i SR R E 3%, B H R 2~3 1K,
HEW R G 3 S S B A 4 A .
15 HIERAEPE BTN 1 R .

- BN A TR Sy AR S I A O AR
() 12 Fh s A TR R B o 12 Fh B BB S
BR G PR A TR A A4 2 2K 0 s 1 - 3 b I
IRGHE) ORFE RIS K RAE 23% /o4y, TP R
T E M 1.0x10° CFU-g ™'

WIS EFF T A H B, BRARE
W BT Gy - R A BRI 5.5 kg T 43T PVC
48 Fe At v (280 mmx190 mmx150 mm ) , 4/ fr
ICHE I - A R P 2E B SRR R IRk
R B R SRR T AR AL 8.0 o W S MUK AE R A
W, Z a5 ER— 2L,

SR A AN EE (1) WS il B 04 e B Ak B
2H (EK+BIO) ; (2) Bl 5 £ F 1 M 8 A FE2H (EK+P) 5
(3) B INAAUAE P IR = E 5 I Ab B 4H (P+BIO ) 5 (4)
o R 5 2 5 R IS 0 i A= B 1 H Bl b B4 (EK+P+
BIO) . FAAbFRE3AFAT, SL0 SR ANk 2 s . 5K
EA B AR s, AL HG A E= RIRE 9 1% 77 4l (280
mmX 190 mmX 150 mm) , 4 42 |8 # & A & i #% (160
mmx10 mm) , 1/~ B G IS, 1A B L Y R
il 2G5, (e L R Ry 25 Vi H A A B E 5100 =R
19:00, Hior 4 M H AR A0 B T 5T 0 4 A TS
PiE
1.2 EYEERFERRE

BAEPREERE 3 d BE— UK, BIRZY 200 mL, 28 Bf
£ 25 A B PR 1 AR R B T SR IF IO 4 5 1%
ST 60 d J5 45 R S0, WACHE A ) A R R
WSCEE B 0 1 b 30000 o i, PR S B K Pk
T, K AR TR HI7K 43, 105 CF ARG 2 h, R 5 1E
60 C ML 2 1E o i, W T4 o o o

FEYI K =Rt i — T i ) AR5t < 100%
1.3 MEFHE
1.3.1 pH{EAIHL %

FRELS.00 g B FEF B0 2 K] 125,

F1 ik EEAMER
Table 1 The physicochemical properties of soil sample

. . - S 2 A
pH HHU/g ke L 5% /mS - em™! R /mg - kg™ AR g ke — - -
© kL% kL% WoHLI%
7.26+0.05 19.80+1.32 0.12+0.03 23.50+1.50 11.60+0.86 24.10+2.99 60.20+2.37 15.70+1.75
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Table 2 Design of experiments

g g UERE el ey AINKE
Number Treatment Z]"tﬁ’ﬁ/ Plant  Microorganism C““"e;zmt“’“/
b1 EK+BIO 1 — it i 3
LhbBE2  EK+BIO 1 — Jita o 3
AhEE3 EK+BIO 1 — Jita o 3
AbPE4  EK+P+BIO 1 =2 it 3
REFE5  EK+P+BIO 1 [SES 2 Jiti o 3
MEPE6  EK+P+BIO 1 [SES 2 it 3
GEFET7  EK+P 1 e — 3
GhFES  EK+P 1 (R0 — 3
GEFE9  EK+P 1 fHE =SS — 3
AEFE10  P+BIO — [SES 2 it 3
ARFE1L P+BIO — =S it m 3
AFE12  P+BIO — [EES 2 it 3
DED
= || ‘ooooa’
RS
0 5 10 15 20 25
B fom LIS

| KR ETEE

Figure 1 Schematic diagram of experimental setup

A 25 mL % A RIOK IR 1 h, ##E 30 min, pH it
28320 pH 4.00(25 °C) b #ESZ th %W S pH 6.86(25 °C)
FRUEDE M AR E I RSk A A R A2
i pH AR, - pHAE AR E I iC SR AR B AT

[ b, # & 30 min J5, T4 500 r-min™' 55 F T &
05 min, Fl R B HEE SR UREHR A RIS, H
HUE=ebe i o Tae
1.3.2 AT AR A A 0w

SR FH R T8 S A 3 I 5 A 38 v T R % TR B
B 1.00 g A fif - 4F, in A AT 9 mL TCALER B 3R 19 ik
B PR3 30 min, BCEIEWR 1 mL, GRS 76
iR Je L B 200 WL 3 B8 5 R U T4, 30 “C4&F T 1E
IR 5524 h IG5k
1.3.3 el Ul 7

- 58 I S T M 0 R B ATl R R A e
(TTC) ik JF 3L B 4.00 g 43 & FE T 50 mL 2045
HL 28 A 0.5 mL A% 0.1 mol - L™ 3 2 BE V4 , 2 mL

W FE R 1% 19 Tris—HC1 & 4, 1.5 mL ¥ B 4 0.36%
() Na>SOs ¥ W F1 2 mL Z& 487K 4 235 08 & TR e
F 180 remin ' ¥R 5 15 5% 5 min, £F 37 C54 N HEETE
GG FR 24 ho SRIG TN 0.5 mL FHE 2 B SO, e
Ja 5 mL N EAYR Y% 10 min, 752813 12 000 r+min™' &
L5 min, WA EWE T 485 nm I K T & OGAE
R b o R 1584 B — 2R R (TF) 7 o

1.3.4 SRS &

W EFEXCTJE 1 60 H i, R 4.00 g T 50 mL 2§
O IMA LS mL =& e, s, BHEIRPE 1 min,
HFE 2B 30 min, 4 500 remin” B0 2 min. 7EWF
FEA NSRS, b1 HCE 5~6 A1 2 BET 19 G K B R A
(400 C,2~3 h) ¥ FIEW A T BE MK o DITED
FH 15 mL =& H % LARIRE B Bo 42K, & IR 4
W o IR PR IRGE W AR 2, R B 1 o A T
fR e,

SR I B A 2 BEDL R 5

BfR 3 =(Co - C.)/Cx100%

K : Co 5 e W) e O 1t 5 COoR B e 0975 G
T
1.3.5 AR 53 4

TR 5 &R B D T AT S B A RT
PEA L) Ao 7 A 53 S AT 43 B ke
1.4 #iELbIE

B Ab K F Microsoft Excel 2010 # 4, 5%
Origin 8.5 k1122 &, R HI SPSS 11.5 41t 43 #r 4k
PR T T 2 S S R R
2 #ER5ite
2.1 BiREK

FL Bl T A 008 TS Y S 2 N Rl
1o 220 % B U AR AR B S e G 8] 2 s o TR L B

50

-0~ EK+BIO
@ EK+P+BIO
40
E 30t
S
ES
=2 20F
10
0

10 20 30 40 50 60
Fisf 1] Time/d
2 BENEFERE

Figure 2 Changes of current during electrokinetic remediation
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BE RGO EUE TR R Go K b i 3 DA G
WE 3 d A, A RK R LR L A
Fl T BEE RGN AR B b2 R R AR (e
fife FRK EYREAESE) WM T, KRG, B
TV , HL BB REAIR , B R — AN KR T iR, B
SR B H KA. Bl EK+P+BIO Al EK+BIO 20
TR B AR AR, L I 2 IR v B AR R A
50 d Z W T 122, L5 R BRI 4k 24K, L
TR, FEEANBE L, EK+P+
BIO &b B2 HA 37 4R 2% e EK+BIO &b B 2H 75 , 16 52 A 1)
EK+P+BIO b P2 L 37 #8 T 22 J5 i{E 29 4 25 mA
Ifif EK+BIO ZbFHZH 224 20 mA . X A RES& TR f3F
TR AT T3 8 F R B VE R 0882 T s F 10 B FH
WIS 4 FE 7RG E, X — M4 5 5
PR SRR A R — B R SRR R I I e B
W RESREAE A, 445 T R Gen v 8h J1 %800, o i sl 1
XA Py PGS M P SR . TR, i v =25
sl T RS- E TS Y R IR IE B R

22 TEYHESHEXR

AN [R] Ab BE pH {E AL 5 56 (EC) A8 fb n 3k 3 i
JRo 3 pH (E A L S AL B R ) — AN E SR
pH AEAS AL IR T M X A AR i S g . e v T A Ab FR 21
pHEIITE 6.99~7.44 Y5 [N , A8 AL R o — B
A7 B2, A B ) TG I 5 25 S, T AL U e v A )46 B
1k T A 3 W i o pH AL B L 3X 5 Reddy 6
WFTR L5 — 20, Hta e 37 1 Ab B 2 00 52 2 32 il i
Ak, Bt T gl R BH AR R N AR ) HY
(2H,0—0,+4H +4e” ) 5B ™ A= 1) OH (2 +2H,0—
20H +H.,) A b ELAT B PR AT A% 3,

PR R R RSP AESR T L BB R G LR
TR X N AE 3 ECEH AR . 1B EC
(B 3 iy FURL 2 DA OC ), 3255 60 d ) L il
I S A B 3 ECAE 591 4R B AR LU B REAIR (P<

0.05). XJEm TR RS T LR s 1
] AR SR 4, DASSCIE B b X 4 358 p P RS B i 10D
HAF AW IR I ECHIE B % 22 5%, 60 dJ5 , EK+BIO
AR ZH A 3 ECH 2R T RO = o5 250 1 A b A
(P<0.05) , Ut B -3 v J& A R A ) 08 52 5 1 48 Y
ECAE R M 5, PR AR 9 76— RE 1] DAZERE £
B ECHAK XA F PR R0 3l B ol i
TIPS o 358 BC (R PR AR 20 358 N A% TR
o R NI B BB 2 BOR BRI,
2.3 HEYERKREERIE

PR R I A ORI 2 S i B S5
o ANTRIAL BRSSPk e i T ) 22 A1 O ] 3
N, TE 0~15 d B[R B N s P AR Bt 15 d 572
1,45 d JE AR A RS o N Fe 4 1 EK+
P+BIO 4 H 20 Fl EX+P b B kR 5 2 5 T At e
Yy P+BIO AbFRA . X UEH R E KR A B A
R EER, X506 MR R 80, EK+P+
BIO ZbFRZH bk B iR T EK+P AL TR, P B AR 9 51
A W ) DI ) 8500 o R PR A HLAT — R R AR A .
Leyval ZE2F 5 A S AR B B AN X BE 38 i 27 =5 1 9 X
B R HUK S W, B8 g I T, i LA RE 5

407
£ 30t
2
%
(5]
=
= 20
<
=
Iz
3& 10+ -+ EK+P+BIO
-@- EK+P
- P+BIO
0 1 1 1 1 1 J
0 10 20 30 40 50 60

A 1] Time/d

B3 FRLEZHTEFFRELN
Figure 3 Variation of plant height of tall fescue under different

treatment conditions

R3 AEALERETEpHEMECHE
Table 3 Soil pH and EC values at different time

st 0d 15d 30d 60 d
Treatments pH EC pH EC pH EC pH EC
EK+BIO 7.31+0.06 0.119+0.02a 6.99+0.13 0.112+0.01h 7.00+0.18 0.109+0.03b 7.08+0.12  0.0660.01b
EK+P 7.20+0.10 0.119+0.05a 7.03+0.20  0.116+0.03ab  7.09+0.06 0.113+0.01b  7.11+0.09 0.080+0.03a
P+BIO 7.24+0.21 0.125+0.12a 7.20+0.16 0.120+0.01a 7.26+0.14 0.118+0.02a  7.44+0.24 0.102+0.05a
EK+P+BIO 7.29+0.03 0.117+0.08a 7.06+0.08 0.115+0.04h 7.39+0.26  0.114+0.05ab  7.26x0.10 0.095+0.01a

T« TR A A [R] A 2 s Ak B ) 22 57 3 3 (P<0.05) ¢

Note: Different letters in the same column indicated significant difference among treatments (P<0.05).
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BTy,

B4 60 d J5 45 A0 B 5 - 30 R AR AR W i B Ko
Wi 4 s o it fin e 3 B9 EK+P+BIO 1 EK+P 40 FiZH
TR A AR Y, 475 T P+BIO A FRZ &AL FHL
KT 25 5 . BRI x HE Ay
YR — SR EEA . Cang ZP ST IESE TAKHL
JEARDEENEIT SRR A KR T, Ak St K R 5 FE AR
YRR N BiEPREAG T AC/DC I3 AEY)
A S W FEAS ) AC LA (R T S A A e
i, S A R T TR S5 A T e, I T A
AT Bl , X AR 5T AR 7 TR A g s ), DT 42 /=
HYMEER%
2.4 WRERAEY R T IEEEE
2.4.1 nEEFRYN R R AL

EK+BIO . EK+P+BIO I P+BIO 4t F -+ 3¢ ] 15
I 20 P Fi: B S (] A0 2 (R AR AR AN 1 S s o AR

O {2 Fresh weight
O FJfi & Dry weight

80 - KA 7K Moisture content 180
/s s/
/s 7 =
% % =
3o Z Z IR
4 7/ 7/ g
= 7/ 7 S
g 7 7/ ©
.2 77 7 ®
& 40f 7 7] 140 2
i 7/ 77 3
: ! =
4 7 7 N
20} 7 2 {0 2
e
/s /
7 7,
EK+P+BIO EK+P P+BIO
Kb Treatments

4 ARMEZHTEFEFEMEMSKETL
Figure 4 Variation of biomass and moisture content of tall fescue

under different treatment conditions

—_
W
1

T O EK+P+BIO
S iab D EK+BIO
= 121 >
5 W a e EAP+BIO
i) e a
%3 9 7 b
= 7
ﬁ E 27 T b,
= 5 6f
=
=2 a
=

(=) w
o
-

0 15 30 60
A5} [] Time/d

ANRINE TR F IR AR ] KB R Ak BEL W) 22 57 4235 (P<0.05)
Different lowercase letters indicate significant differences in the same
days between different treatments at P<0.05 level

E5 AR E A TERIIEFREARNETNL
Figure 5 Quantity change of culturable bacteria in soil at

different time points

WU R 1.0x10° CFU - ¢, B % 16 55 i) ] 4E K-
EK+BIO Fl EK+P+BIO Ab Ff i i [ i 1A B0 52 Sk
G b S, B 15 di, EK+BIO fl EK+P+
BIO 4b 3 A 35 57 4 R AR S0 i B i A Ee L 43531
HINT 17.78% F122.23% . 145230 d % 60 d i}, EK+
BIO I EK+P+BIO 4b ¥ o AT 5% 77 20 0 550 & & kb
FERAR OIS dP) , BHEAEER LA Bk
s, B B P R SR T T s s A A
DT E IR AL S, B T S AR S R TR
A PR R 38 o, SRS T R A A, (R
AW BRI, 15~30 d DL K2 30~60 d N AR BB
SR IR FERH AR TR B0 N AT 3 b
X, IR L SV 3 8RB AR DL T RN A L
JoT i s SRS R A ) A B R
30 d Ji7 , EK+BIO Zb ¥4 5 EK+P+BIO ZbH {4k My ki
ZHE N, H R F 15~30 d 3 8] B30 i 2 2848 R 4
T A YR B R E T, X 5 2 80 ) - e
BTG Y IR ZE 5 T UL R BIAR X ER L
R B BEE TR T A A PR ER AT IR AR BT
A=W AR 5

ANt EL 37 (/) P+BIO AbFRZH , 398 i ] 55 32 40 B
B — EAL TR A, o 0~15 d 9 T 25.56% ,
15~30 d Ui/ T 19.78% , B i /D R A% 5.78% , [] 42
Tt B B R S S AR (AR 2R P48 X - 9 v ] 5 S 20
AR — AR E R . 015 d B, Rt i
() P+BIO Kb P4 - 438 o ] 5% 5 40 5 500 Oy 7.44%107
CFU - g™, jifi /il #1374 EK+P+BIO 4b 34 -+ 338 rp m] 35 55
AN BOR M 1.22x10° CFU-g ', SR & 19 1.64 %, 30d
BF, FROAR 25 b B AR W B A T R B, {H EK+P+BIO
Ab 3 2H A 58 v a] B 5 B AR 4 2 P+ BIO A 3HZH 1Y
1.67 %, Ht e 3 5 i A= W g 55 A it in e S 4 EL A
B B4 o DRIt 3 2 L BB A A ORI U W AR
BT | X 5B P I o 4G R — B, B R
PIAEAENG LT A 7 b e o B S5 2 2 fe S
=AU
2.4.2 SN E RS T

it 1 s AR A P T A ) — A AR AR, BT
PR /INAT B et A= 0 R 3 b s e i i 2k
AR N5 P, AT B U S A
PG YERFE bR . SEER 0L AR EK+BIO  EK+P+BIO Fl
P+BIO Zb PR 5 A B S b 6 iR . A
ME TEHIRE , EK+BIO Fl EK+P+BI10 Zb 3 b i & i
PEX T P+BIO A FRA , X — 25 S 5 2k W B i st
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a O EK+BIO
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b . Ep+BIO
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T
o

it Ut I 1
Dehydrogenase activity/pg TF-g™
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)

(=]

15 30 60
15} 6] Time/d

AN /INE S 335 AR ) R EOCAS [m) b L ) 2 7 i 355 (P<0.05)
Different lowercase letters indicate significant differences in the same
days between different treatments at P<0.05 level

6 FEAEA TR SEEETH
Figure 6 Changes of dehydrogenase and catalase activities in soil

treated with different treatments

AR AERAE—0, W BRI P SR R A CE R
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