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Complementarity of bio—electrokinetics in the remediation of soil contaminated with multiple hydrocarbons
FAN Rui—juan'?, GUO Shu-hai*, LI Feng—mei’, WU Bo*

(1.College of Biological Science & Engineering, North Minzu University, Yinchuan 750021, China; 2.Institute of Applied Ecology, Chinese
Academy of Sciences, Shenyang 110016, China; 3.Key Laboratory of Fermentation Engineering and Biotechnology of State Ethnic Affairs
Commission, Yinchuan 750021, China)

Abstract: To evaluate the specific effects of biological degradation and electrochemical oxidation in the removal of different hydrocarbons, the
temporal and spatial degradation characteristics of different hydrocarbons and changes of microbial numbers and activity were analyzed. The
hydrocarbons, n-hexadecane, cyclododecane, and pyrene, were selected as representative pollutants of alkanes, cyclanes, and polycyclic aro—
matic hydrocarbons, respectively. Based on the following remediation techniques : electrokinetics (EK ), bioremediation(BIO ), and bio—elec—
trokinetics (BIO-EK ), a remediation platform of a 2—dimensional (2-D ) symmetrical electric field was applied, which was inoculated with
complex bacterial strains able to degrade various petroleum hydrocarbons. The results demonstrated a significant enhancement in remediation
efficiency of BIO-EK than that of BIO or EK alone. An obvious increase in microbial activity and numbers in soil was detected in the BIO-
EK test, which enhanced degradation efficiency in different hydrocarbons. It showed a complementarity between biological degradation and
electrochemical oxidation in the removal of different hydrocarbons, and n—hexadecane and pyrene decreased more with biological degrada—
tion, whereas the cyclododecane decreased more with electrochemical oxidation. In addition, biological degradation was more effective at po—
sitions with weaker electric intensity, whereas electrochemical oxidation was more effective at positions with stronger electric intensity.

Keywords: biological degradation; electrochemical oxidation; microbial flora; petroleum hydrocarbons

%5 H 7. 2017-06-12 FHAHHE.2017-09-12

PEE A SEIA1985—), 40, T ELREE EL A Wit 0, B9 5 1 W75 e 3R BEAE . E-mail fanruijuan@163.com

*EIE1EE S E-mail:shuhaiguo@iae.ac.cn

ESTE : {5 (ARG H (21677150, 21507144)s 5 [ AR AL H (NZ17098 ) 7 5 #5452 BFHIFTE H (NGY2016153 ) Jb iy Rk
28 SURHIFI H (2015K)34)

Project supported : The National Natural Science Foundation of China(21677150,21507144 ) ; Ningxia Natural Science Foundation(NZ17098 ) ; The Scientific
Research Project of Ningxia Institutions(NGY2016153 ) ; Key Scientific Research Projects at North Minzu University(2015K]J34)



SR 4 TR A KRS e R L BB AT i AR 65

TER 2T o et (L PRk ) L K
TSI AR i R PR [l e i A
Wie S BORBRAE T B AR R FAR XS ERBE R /N
TAEAT ST e H A A2 ol 32 A e
YRR EIE S IRE MR, RS | R 4L 3
P B S XA I 25 R A AE A A RS
P AR o A [R5 e il 28 S LAl ik
PRI, AT BT RE A ) 775 B M0 R S AN [) 1 £ 30
RS 2%, T ER AR RS R R TR A
) AR A e e TR L A S B S RS () 4 3 e R
FEERYLBRT. 35 pH FIEFRY R 1 FL X Rl 9
A A T AR, DTN 5 Gy A W e fie 7 A o 5
M, DR A A6 50 PR 25 PR T A4, DL R it
AW T PR R 75 e M R A R
P T IA R R, SR, o T AR TS e
4 A= 1 P A TR 22 , AR W 18 5 BORAR A S
B R R BRI S AR, AR A - 3l
A RO LU g et A HL , A il i) 25
[E

LBl HOR RS IR AR AT — R B
s SR ORI RN ERY ¥ NN DY CiN e =R e
TE 5 75 T A SR A SRS W X T A il kX
FiELT RS BB AT I FE AL T 2GR
e AL )7 AT AL BRMY, BAE—E T, B
A2 SN, DX I8 R 7 5 R T S ORI O, DT e 975 24
P 2R R LSS, S oh e sk g R b,
SRR E TR Y BTS2 AR TR R AT U
fle it , BRI TS Gy ) A Wy T A R PR B >, 5
AT, 7E RUAR BRI /K ) H A P 2 S Bl iap H
F1% 5 A RS AR AR, T A M A R AT 1
TN o 01, Lear SRS A B, B 37 (¥t - 2 AR
DX - SRR AL, folT A5 AT % SR 200 1 A0 TR A K 2 A5 e
(G2 iNS ez SEIEE WREECr] 0 (8 & AN TR il Ik
HLURR AP T 9 IR - S 5 AR pHL AR AZ A, AR
XA E =,

FURIT, il = B Y ) B, RZ B
AR R 1 L 700 A W AR R 2 M 5 T i X L A S
IR AL AR T YIRS TR 1 e A2 RN AE
REANETS QW00 25 B 75 1T IS F) B BRI, R
HEY-REIR BT, 1Y R BRA DU T
R AR IR AEAROCRR . AR T e fh 2 A
EFRET, SRTTT A 400 e A i 2 A A 0 I B3
AN AR 2 S s PR BAAAE TR AN T

ASCA AN VIIE 708 IR e MIEE VR EAE ke
e eI 2 IR 5 R AR S ey, L =
BCATR A A WL Y AT X5 Z AEXTR L 18
B¥-5 L RABEMER (EK) fAEY & E (BIO) 1
WA - A6 (BIO-EK) iy 7 =X, 3@ 3 20 AN
[ 18 52 J5 S A [l @ 275 YL Wy 6 ik ) B 28 AR AIE A
A IS YEAR AL PR R RN Ak S A A
A3 AE 22 BRAN R T 4 A3 e g AR
1 MREFZX
1.1 jR5a##t
111 {50 145

IS R B R BE Tk B A 25 58 5l B 3
(41°31'0.19"N, 123°22'8.77"E )0~30 c¢m -3 , HF 43
PRACMERT DLER 1o fd AR 1 B AR XTI 2o i (<2

mm) .
F 1 TEBENERVIGE
Table 1 Initial characteristics of the test soil
T e A 5 SHH
pH 6.22
FHL/g kg 6.43
BHES F 22 e i /emol - kg™ 21.25
B A g kg™ 73.43
R /mg - kg™ 7.23
B34 1% <2 pm 22.5
2~50 pm 53.6
50~2000 pm 239
112 {5544

Ay BILAIE 75k (4l >98% , A8 mi Ak i Tl k=X
2kb) R ke (4l EE>99% , R st Ak L Tl bR 4
FEOFIE (B >99% , 1 R ERH A FRA FDAE R B
bile e M2 07 IR ARG 1. FIE S
Bt IR B REE TR 3 L R Uk B 4 R
4744.54 .947.22 mg- kg'l 1 48.81 mg'kg'1 SJEIIRET
P — S
1.1.3 gkt

A NBEE GRS 5 g L 4 NE,10g- L &
14,5 g+ L™ NaCl, pH 7.0~7.2,,

TeWIERREFR AL 1.5 ¢+ L NaNO;, 1.5 g+ L7(NH,),S0,,
1.0 gL K,HPO,,0.5 g+L™ MgSO, -7H,0,0.5 gL
KC1,0.01 g+ L™ FeSO,+ 7H,0,0.002 g+ L' CaCl,, pH 7.0,
1.1.4 B

DRI BT ) R ) B W e A R AT A i A 9



66

RAIMERF 2R R RS

IR AR S BREBCE IR T R R A RE T 1)
6 BRI B1.B..Bs Be B, Fl By, Mt B, Fl By X ELHELE
F& IR AT A BATREARRE ST, B1 Be By F Bo X HL
FELERRAIIGEE A FRARRE ST, WIAPSESE B1 By Be Al
B, 43 5)& T Hydrogenophaga sp. . Phenylobacterium sp..
Sphingobium sp.F1Bacillus sp., B; #1 By J&FArthrobacter
sp. OB ANTEIE AT AR B R I IRR R AR
10 L & el LR35 (150 remin™ |, 35°C),3d )5
P B3 AL (4 °C) HEAT 5.0 (8000 remin™ 2 min),
W B0 TR TR AR TR TR B TR A A
1.2 it Rtk E

IR BN 1 FrR , A 4483 (100 emx 100
emx25 em) 25 AR AL I A G5 HI AR (20 emx1 em) |
B R RSk pH 3 ] R GRS I I AR
45 25 AR LUERERTEXHES , AR EE D 20 em;
i) 28 G 0] R R AR A P e T A IR 1) 1] oy 124 7 ) B
WA eI U, I AT R AR AR LA T /9 S e E =X
PEAT R U4 , LABCTE i — > — 4E A X R HL 37 5 )
RGN R T pH S EHEA TS I

I ANER 2 . Horr BIO-EK A1 EK 7E#]
1 IR 19266 B A EA T, it i B HL % 1.0 Veem ™,
5 min PHfe— R AR, 5 10 min 47 —kA 715
G Z 1) Ry e 4G o b 3 v BT S80I B i A B ) R
PA K 3 pH I GNP 45249 442 B iy 40 1 6 45 SRR A
E, BIO-EK 1 BIO Y755 4 5 R R 15 i
FER A (Bi:ByByiBeBBe=1:1:2:0.5:1:2) [t 45 Fh &
(29 ) B PITR &5 TR D50 RT3 S A o o
N 10x10°CFU g™ 5 9715 L€ pH O 7.0; 285 %

Bl fkE

Figure 1 Schematic of the experimental set—up
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