2016,35(1):1-11 xR A K B R FE F R 2016 4 1 H

Journal of Agro-Environment Science

KA, KL, BEINER, 452 IR (PCBs ) {5 Y SR A= B S [0]. Al PR R 2241, 2016, 35(1) : 1-11.
ZHANG Xue, LIU Wei-tao, LIANG Li—chen, et al. Bioremediation of soils polluted by polychlorinated biphenyls(PCBs)[J]. Journal of Agro—Environment
Science, 2016, 35(1): 1-11.

ZRERE(PCBs) TR T ENEMEE

kT, A, RWR, B R, EnE, F

(R ITREAFREER A 5 TR A B PR S5 5 e ad A5 S i 207 V0 T A S 0 3 R T T I i A S PR BB S S 15 e B EE R s g, Rt
300350)

 E. 2GR (PCBs ) B AMEE PG Y (POPs ) , [RGB AL B AR 1A RIS 209 FhERY . T4k, LT
PCBs {544 5 E AN TR 2. th T PCBs A 40 FRE I AR/KIE PEFURLAR B W35, 3L PCBs (1 23Rl
WEI3E . ISk, PCBs 1) B /K HERERR M 2 5 FAE sh IR i L SUR B 2L & o BB S B A8 R AE WA DR (SR (i)
AW RIS ) W A R T s e e A D DGR sl IR T i Bt o AR B HOR B BUARIR B ORI R R 22 4 SRR WA
AL LIS MEE R B R —. B, W 2R E N Ah 13 PCBs 15 YL BUIR R RN , LA T -3 PCBs {57411
A MG S BT S S AR SAE AR, X e e 5 G SR 516 52 H A7 A2 10 () TR S 220058 5 T 364 5 T ihs R s,
VIR A MBS PCBs V5 T HHR G 25 5%

K AW ZHBOR(PCBs) ; R385 Y APME AL A WE A2 5 ik s 52

FESES X53  XEEFEESE:A  XEHS:1672-2043(2016)01-0001-11  doi:10.11654/jaes.2016.01.001

Bioremediation of soils polluted by polychlorinated biphenyls(PCBs)

ZHANG Xue, LIU Wei-tao", LIANG Li—chen, CHEN Chen, HUO Xiao—hui, LI Song

(Key Laboratory of Pollution Processes and Environmental Criteria, Ministry of Education / Tianjin Key Laboratory of Urban Ecology Environ—
mental Remediation and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China )
Abstract: Polychlorinated biphenyls(PCBs) are a class of persistent organic pollutants(POPs) and there are 209 PCB congeners identified
as a function of chlorine numbers and position. In recent years, the pollution of PCBs in soils has aroused people’s wide concern. PCBs are
extremely hard to remove from soil matrix due to their high molecular stability, low solubility in water and high tendency to adsorb on partic—
ulate phase. In addition, their high hydrophobicity and lipophilicity make them susceptible to be accumulated in adipose tissue and breast
milk of animals.Bioremediation is the process of converting the environmental contaminants into harmless or less toxic products by use of bi—
ological organisms( green plants, microorganisms and animals ). Bioremediation, with the characteristics of low cost, high efficiency and high
environmental safety, has been deemed asone of the most optimal alternative choices for traditional remediation of soil pollution. Therefore,
the paper reviews the current pollution status and health effect of PCBs, the recent research progress on bioremediation of soil polluted by
PCBs and relative mechanisms. Finally, the existing problems and future research directions of microbial remediation, phytoremediation and
vermiremediation are discussed and prospected in the paper so as to provide useful references for bioremediation of soil contaminated by
PCBs in the future.
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XITF PCBs V54 HIERIE R G5 PR L 1E
SRR PR TR A & By Ho 55 3 i s e,
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250, ZEHFIH Web of Science TM K00 A 55K R
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2% Remediation, & 2015-07-09) & ¥ ,2004—2014
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7S AE S R ZR R 1 A G R, ARSCERAR T
MAEYEE MPEE MsiPEE PCBs 15 4x T
TR R BT ORI B BOR XTI 25T
B PRI MRS, DR A 5 AR WB 5 13 PCBs 15

2014 |
2013 |
2012 |
2011 |
2010 |
& 2009 |
2008 |
2006 |
2004 L
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
SR B
1 2004—2014 BE L FRMFX PCBs SRIEEH N HEE
Figure I Number of publications about PCBs remediation per
year from 2004 to 2014
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Y& A DLIREE o PCBs KRR ) SCHRRGE - +
v ) PCBs SR T PCBs M4 7 . fdi FHALAL B 5
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PR Pk [ B 0 1) 26 H Ty S R A X A AR
PCBs 5 4L,

PCBs AT ikt fue e R R, 5T
TEFRBE PG, FEAIGIR R S5 Y 1) PCBs
] KA R8I, e KA i B i i I Fal i R iR
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E PCBs {5 Y (W BRI 2 — . PCBs 7EM B AT RS
TP T PCBs (LR RSN TURHE . F
i —/K A3 B R B (K., H T B PCBs FER5E T R
S, PCBs 11 1g K., {E3GE N 4.5~8.2, Hrf 1g K,,> 6
) & PCBs =2 5 KA R h i kL
g4y AR PCBs W) 32 LSRR S A7 A6 3 T ¢
KA 2. PRI, 39 o ol A0 S s L
] () 755 S8 PCBs, THAIREAR PCBs 224341 15 K<
F, HiHarrad 282458 S E 294 93.1%17) PCBs A7
TET RS, W AR th 4 5R 3.5%
1 2%, i £3k 0.2%1) PCBs A REAETE T AdAr
1.2 PCBs U&=

FREE ) PCBs 7E 1966 4F 1 A 11, e i 1
B HIAT PCBs A6t I , B 28 A0 1 A b b [X 14,
Meijer 250505 2 % 1L, 423k PCBs 1375 50 {H Wy 26~
96 900 pg-g™, V-HME K 5410 pg-g™'. Li FMFFEHR
I, 2Bk 13 PCBs & 8 Fl 2N 40~100 000 pg- g™, F
FIME 4900 pg- g™, WK FIILSE I & R X ME (&
TG 451k 7500(47~97 000) .4300(110~25 000)
pgr g, PRI RS b DX 5 R AR, P (v )
4359 580(120~2900) 390 (94~620)pg - g™, 5 25
FIR I 1 - S48 (B v D) 43 5124 1400(61 ~
9500) .280( 140~540 )pg- g™,

Ren S5 FR [ L35 rh 51 ) PCBs JFJE T R 4¢
HITRATSE, 25 A B AE 52 AN RAFE S PCBs ik
JEEIE Ry 138~1840 pg-g™, FIMH N 515 pg-g™ . AN
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1.3 PCBs Hy{# BN
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FEFFRE LR FIRE A E R, WE GO, PCBs £
BRI 3 vh B, S S R BB VR E (LDso) Hy
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B HRFRRE WA AR A S, T
Wt 2R W] : PCBs KM FE W] 5 | e S8 1 2 BUpE
PRI A E AR ) S AR R N A IR 4 R P,
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(Suspected human carcinogens )P,
2 MEMEE

TR I8 S 248 R AR AETE I i 3% 332 (1) T fig
AR G BB AR T AL s R A A A
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B A2 4045 R I 44 ( Anaerobic dechlorination ) 11
AWM ( Aerobic biodegradation )™, PR G & —
ANRE R AR B A PCBs VR HL 1 2K 9A i
RS PCBs S, 17T 4 4 A= 1y 4 fife e 5 8 PR ) ZE AR
AR PCBs (G F51<5) , it S Ak S i A i -2 7%
H-6-4H-6- Il -2, 4- R (Cl-HOPDA ) F G &
R, FFIREE 5 2, R I I ST AR AR
PCBs [EE/RUREE , (HIX—id FEARRAL 1 HAE s
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Table 1 PCBs concentration in soils of various regions in China and abroad

SRR e 23l PCBs R pg gt dw  WEETEl/pg gt dw 225 3k
4Bk AR ¥.29 PCBs 5410 26~96 900 [15]
A S WL 2 4 & iz 1t X - 398 >.7 PCBs — 510~1820 [18]
Fr L Bt R SR 45 Y7 PCBs 1600 500~12 000 [19]
T | SE AT I, Tl kT ARG -3 27 PCBs 40 000 90~150 000 [20]
T HH A R Wi -3 > 7 PCBs 354 19~1321 [21]
i A I 435 5 PCBs 2600 150~41 000 [22]
N e AR I 4 5 PCBs 9400 1900~43 000 [22]
FRFHER Wi 4 >5 PCBs 6600 720~86 000 [22]
T 15 1 BT iy -4 >5 PCBs 2300 540~47 000 [22]
B [ L X 1942—1992 44444 1458 >4 PCBs 30 000 10 000~670 000 [23]
B R ST IR Tl X -3 > 19 PCBs 41 200 n.d.~134 000 [24]
VUYL Eh it JEAEIX 1 Y31 PCBs 32 000 9000~66 000 [25]
JEIAZR AR Wi -3 >7 PCBs — 141~40 316 [26]
HESH T e 3 12 PCBs — 190~11 400 [27]
i Wy AT FIA K £ 351 PCBs 515 138~1840 [17]
o E A T 4 37 PCBs 2450 70~9870 [28]
HE AL I A3 > 18 PCBs 11 700 n.d.~37 110 [29]
] P e 5 AR [T = >25 PCBs 163 59~287 [30]
rhiE A QA Y6 PCBs 16 800 500~46 700 [31]
r i K T AR A Y7 PCBs 870 30~4360 [32]
rp BRI = A GiE1 S T [ e 2 > 14 PCBs 18 400 300~202 000 [33]
o by A X Y171 PCBs 3 886 000 81 300~12 045 000 [34]

1. 27 PCBs Jy PCB 28.52.101 118,138 153 1 180 [y & s 15 X 6 PCBs Jy PCB 28,52 .101 138,153 F1 180 [k J& ¥ Hi1; X5 PCBs iy PCB
52,101,138 153 Fil 180 (1< & i il ; X4 PCBs Jfy PCB 28,52, 138 Fil 153 ¥k & B Ail; X3 PCBs Jy PCB 95,132 Fil 149 [k J& B Al — b i% SRk A&

3 ;n.d g ARG
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Figure 2 Pathway of aerobic PCBs degradation by biphenyl—oxidizing bacteria( adapted from Field et al*)



KA IEFF 2R EIRRET PR

Zeeb SFEPF 5 R A YIRL TS PCBs ¥k BE M0 1y
47~6700 pg-g”, L EIRUERAR(<1~470 pgeg™),
4N e B At , b FFRPCBs & AR i Al ik
1.7~290 wg. FEJR(Cucurbita pepo) 55 HAMAYIAH L ,
REWS B G 80 I R U IS PCBs,  HLJ5 19
FEUESE , g I b3 T R SR AR W 2 1Y PCBs, AEA) 1)
W RE % 2 M [ IR 1 5 b PCBs (19 ¥k 21,
Huesemann 28 FH 68 55 ( Zostera marina )1& 2 TR 1)
PCBs 154, 45 KRB, 5RFHEYI AR L, PCBs YAk
YR T 60% , KR4 1) PCBs i 8 B H 42 e itk A
HEER , AR & 4R REGA S 4 /o4, Wang E B
5 32 £ K (Zea mays ) ¥ PCBs(PCB-15,PCB-28 Al
PCB-47) 4 W E M FEAEVEH o Pavlikova S5 A I
T PCBs 5 Yt + 35 i) 5 A= 4 40 5 °F-2F (Festucaarundi—
nacea Schreb) . ¥ & 3 [ Phalaroidesarundinacea (L.)
Rauschert| Fl1f# 75| Calamagrosti sepigeios (1. )Roth]H
PCBs HY & it, 7 FH B4 PCBs AT H & 54
813.2 mg-kg™, MARHXT PCBs &R BUNT 0.6,
BHAEA GG YR, FiEF R A B PCBs
154 13 Lin 590058 & I (Populus deltoidesx
nigra, DN34 ) AR R BEAE W B 1~4 SRIBCR, 17 H. 2 AT
MRS (1~3 FHAR ) REfE e e 1F A 2K, 1-2 K
AT AR AL

Sandermann'®3g 1 “ 4@ JJFIE” (Green liver ) [ #E
&L UOEYIXS SR S Y e LR S S P
Ffel. PCBs i AW P , REH A T S €0 JF I K I
R AL b fe o - O IALVERT, B PCBs ka4
TSN R S AU , A LA Vo VA AP R S I P 17
FE AL PCBs; QAR RI¥2 3Lk PCBs SiE Y 5k
J CHnAS I H IR AN 2002 ) 2545, 5 IR AR i i
JE TSR )T ORR BIE T, B2 B &6 b Y PCBs
P00, BRI ) 20 6 e 25 s (AnBe ) 77, B
IAFEIH LR L5 (] 3)7,

TR PCBs B At 72 5 4 AL i (40 i €
2 P-450 FAE AN LIS )M . Chroma S5

Cl Cl

cl cl
/ .
AR
0
OH A
OH

9T 20, 4HMI(a 2 P-450 2 5 Y% PCBs
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Figure 3 The metabolism of PCBs in plants "green liver" (adapted from Aken et al')
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