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Abstract; Microcosms were employed to study the effect of polychlorinated biphenyls (PCBs) in vegetated (with Kandelia
obovata seedlings) and non-vegetated sediment on microbial and enzyme activities. The sediment was treated with 180,
900, 1800, 2700pg-kg ' of 2,2’ ,4,4’ - tetrachlorobiphenyl and 2,2’ ,4,4’ ,6,6’ -hexachlorobiphenyl. Both vegetated
and non-vegetated sediment were sampled at 1, 30, 90, 180 d and 270 d respectively following planting. Microbial
enumeration, intensity of sediment respiration and microbial diversity were determined. Polyphenol oxidase and peroxidase
activity were also analyzed. Results demonstirated that vegetation increased the amount of sediment bacteria and
actinomycetes rather than fungi. PCB addition increased the sediment bacteria and actinomycetes population. The amount of

bacteria in non-vegetated sediments was related significantly to concentrations of PCBs at day 30 and 90 with an r value of

ESWE: R A ARG R BN E (40576057) ; EZK“863” FEEYH H (2003AA 627030) ; BXREFFRELFN A ETAIEERET A
(20050558010)

U548 B #7:2006-10-11; 4&iT B #4:2007-04-29

YEEB A IMDR(1970 ~ ), 2, B, AREFAERA, B, BIFFRR, NFERESENIKE ESEP . E-mail: sunholly807@
sohu. com

* JEIAEE Corresponding author. E-mail ; chenguizhu@ yeah. net

8 : 430K Dr. Ron DeLaune 1 Dr.. Aroon Jugsujinda( Louisiana State University ) {3 UK E , 72 IR OB

Foundation item; The project was financially supported by National Natural Science Foundation of China (No. 40576057 ) , the “863” Grant of China
(No. 2003AA 627030) and the Specialized Research Fund for the Doctoral Program of Higher Education of China (No. 20050558010)

Received date.2006-10-11; Accepted date.2007-04-29

Biography :SUN Hong-Bin, Ph. D. , Associate professor, mainly engaged in pollution ecology and restoration ecology. E-mail; sunholly807@ sohu. com

http://www. ecologica. cn



12 4 IMDE 55 :PCBs XLLRIARUTARY s A Y B IS 51 Y R 5399

0.974 and 0.942 respectively. Microbial respiration intensity paralleled microbial populations over course of experiments ;
increasing in the present of PCBs. Bacteria was the predominate microorganism population in sediment, and the determinant
of microbial diversity. Microbial diversity of vegetated sediment were lower than that in non-vegetated sediment. In
contrast, there were no significant differences in microbial diversities between PCBs treatments and the control. Polyphenol
oxidase produced by sediment microorganism were stimulated by PCB addition. However, peroxidase was initially inhibited
at the beginning of the experiment but increased with time. Results indicated that these two enzymes are sensitive to PCBs

contamination.

Key Words: polychlorinated biphenyls; microbial community; polyphenol oxidase; peroxidase; Kandelia obovata

Z B (polychlorinated biphenyls, PCBs) B EFF R A M: | JEEEBS SERE M A A T BUME S50 45, 45 A Bk
TR S RGBT WER B > . PCBs 7ERR B BOIIA K BE IR I O B SR R R L P2
FAEP ) % PCBs 15 LI EHEAT B , B B A E WAMOBI R R . TEARZHEE ik d, PCBs MY
B BA e,

LURPMIEH BRI B AL T WIVE P ST &R 5 ey HEAT AL, Tk AR V5 15K VB R K 3R
BRI N # P35 K RSB AA M JURY o PAHs REMA EHELY ", AEYBEIR A
AR I 3 H5 Y W A B 2T F R A R AR ™ (B UU R 0 B B T o B A AL R
AR, ASCHFEE T PCBs ST MARIE M JTAM o BBk HAR X e W R B St i, LU — 5 T iR iB R
A, PCBs 15 S B YIAR REGEMINLE, o & BB IRy E TR I PCBs SRR
1 HRS5HE
1.1 SRR 5

LR A BIIAE B LA B AR P X B B 3R 2 (0 ~20em) LAY, B s B HUR S B N 2.73% ;
pH % 5.93, +HRER, AT it Smm i, %5,

LI 9 Bk ( Kandelia obovata)1 4EH 47

LA PCB4T (2,27 ,4,4’ -IU4EEHE) f PCB1SS (2,27 ,4,4°,6,6° -AHBEE) W AH RBAF A,
1.2 R

RIS 1 ASTERLIA 4 4> PCBs ALBHLH, SFHRLL AN PCBs , 4bFR4H PCBs ¥k i 43 B 180,900 ,1800 Al
2700 pg-kg™' (43 FI A% BT PCBs ¥5 % KU PR A ™ L P B 9 5,10 451 15 4%) , H o PCB47 Al
PCB155 &2k,

REREUT 3 MBS LEEESNT 2 HiRmES ™ (1) B4A5 il PCB47 f1 PCBISS £&
150mg % F 1000ml FRER A , 435 B 432ml H1 A B 1000g JLB H, T2 5], TR L&Y 24h, B
B 1d, HE— ARG RIURY; (2) B — RS R UUR Y A S 5000g LAY, EABHE, TRGHELE
% 24h, B 1d, 58 RS RIIRY; (3) REHE RS LIURYE A B BRI &,
PCBs ¥ & s BRI AR TSR, MR 15d, IREREA 1 Wo SRIEH B35k BH R B9 T5 5 - RE 42
7 6 MR 30em, & 16cm B REASE S, GRS IMA BRAK, K E B 14 3em, P45 15d,

R R A AFEF AR BRI & 10 # 4> DI T Xt FEZE A PCBs AMBRZH 5k, B4 HR
Fi 3 4. BB BARMEY ., EAHN,SEHNFRERK, KA HRANEE, U TR
BRI Sy . RGN, ZEREINES 1,30,90,180,270 RRHEMHT . RABETRYAERZEVIRYEE 3em L)
TE4 3 SEEHUEUE , FE R TR B 7R YIAR X I 3 SEEDLEURE IR SIS 28 3 4, 4 BIEAT i gk
B SE DU 5 B B E
1.3 Stk

WA I E RO E . BN B A R EE AT A MRS R 1 S 5k;
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HERATNE . MEYREE AU BT PR R R A R R E R ET
T Y PR BOR A Shannon-Wiener $8A T, HHE AN

A REBIH(DI) = - gpilnpi

R, Pi MBS L NRAREOS BASABE 2 o

P SR NaOH 1 Hic, 4 v BR T <E 3517 FRER 50g 8 + F 250ml BRHE #, /N0 ABA 10ml
NaOH f 25ml /NgEaR , BURHIE N 55 8555, T 28 CHE YRS 24h, BUH /N , % NaOH ¥ %A 100ml =4
i, I BaCL VAW Lml, BABKE /R 2 7, bR HCl e E4 k. BiAmTENEAxR. UE
Fo T 48/ CO, MMTE R + 3R PRI GR I

T E AL R B AL S P R Lk S AR R Ry =4, 957 +0. 478, 1 =0. 9986,
HIEMLIE 100g T MO EREHZREFIR.

1.4 HdEits
ST R Excel 2003 F1 SPSS(V13. 0) Gt BT AL B A
2 HREHH

2.1 PCBs Xl Y E LR
2.1.1 PCBs TP E I E BN

PCBs XK AE KA E A AR TR A E B E R R 1, 7% 1 X, EMEMARHEAFEKT,
PCBs ZhBHLH 53¢ BRALAR L, DLW P A S B R B & 25 , (BN 30 ~ 55 270 X, RFFEKTIRY + PCBs
AEFELE BT T X HRLL (P <0.05) , YiH 180 ~2700pug-keg ™' PCBs X 4B M4 K AR HEAE . 5 30 ~ 58
90 X ,PCBs AFHAH TURY)F , HHEHIRE S PCBs W RA BEH KMk, r 73 5125:0.974 71 0.942, FEFpE T
BRAR VLRI P, NS 1 ~ 55 30 K, PCBs ALHA SHRAMEBEZERF ABE, FI% 90 X,90ug-kg ™' Ml
2700pug-kg ™' PCBs AbBRA AN E BE B T 4. F5E 180 KLUF ,2700 g kg ' PCBs AbFHLH 415 B & 7 T3
MR,

MR 1 ATEH, B 30 K&, SoRFVEAR EL, Rl W] B 28 1R R UTAR Y 0 B i X & , SRR T HI 55 PCBs X
IR S BB , A Bk B B PCBs R LA YA K

®1 PCBs AHFEMNKT
Table 1 Effect of PCBs on bacterial amounts

i [B] PCBs(pg-kg™')
Time (d) 0 180 900 1800 2700

1 No plant 7.138 a(a) 7.098 a(a) 7.201 a(a) 7.247 a(a) 7.162 a(a)
K. obovata 7.229 a(a) 7.184 a(a) 7.193 a(a) 7.151 a(a) 7.161 a(a)
30 No plant 7.375 a(a) 7.565 a(b) 7.605 a(bc) 7.641 a(bc) 7.740 a(c)
K. obovata 7.843 b(a) 7.920 b(a) 7.930 b(a) 7.931 a(a) 7.934 b(a)
90 No plant 7.432 a(a) 7.632 a(b) 7.682 a(b) 7.689 a(b) 7.788 a(b)
K. obovata 8.255 b(a) 8.144 a(a) 8.443 b(b) 8.220 a(a) 8.659 b(c)
180 No plant 7.317 a(a) 7.736 a(b) 7.705 a(b) 7.498 a(a) 7.824 a(b)
K. obovata 8.543 b(a) 8.176 b(b) 8.568 b(a) 8.403 b(a) 8.808 b(c)
270 No plant 7.380 a(a) 7.985 a(b) 7.902 a(b) 7.946 a(b) 7.994 a(b)
K. obovata 7.693 b(a) 7.634b(ab) 7.816b(ac) 7.607 b(ab) 8.283 b(e)

RPEUER 3 MEEREDHEXFUER P I9E, RS FEAREFRTER—R A F % E PCBs A MARIRRA 5% K ERA BERE
SIS P TF RIS REAAR PCBs 402 R B LITH

Values in the table is the means of logarithm of the microbial number; the letters mean the difference between K. obovata and non-vegetated sediments
at the same PCBs concentration are significant (n = 3, P< 0. 05), and the letters in cloze mean the difference in same pattern but different PCBs

concentration are significant (n = 3,P <0. 05) ,the same below
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2.1.2  PCBs SULHIEAR BRI

MFE2 TWEH, W1 ~530 X, TISFHEERRME, SHTFY T RABEHELEE LR, BAS
90 K, RAEBITLIRYI T 900pg kg™ PCBs AbBHA AR SR BE S T x4 (P <0.05), F% 180 X,
PCBs AbBRA A E M B B TX A (P <0.05), 8% 270 X, A B R R FF 46 T #E,900ug - kg™ Fl
2700ug-kg ™' ) PCBs AbFHLH MR B iR B2 F R4 (P <0.05) , R ARK KM, PCBs WI{ZHE TR
YIRS

FERME T BRARRY UL, LSS 90 ~ 45 180 X, 2700p.g-kg ™' PCBs AbFHLI4UPE B B T X IR, B
180 X ,900pg-kg ™' PCBs AbFRA MR B B 2R T X 4L, B 270 X, HUAMABHELRAEE,

MEE 30 KL , SRR L, FE 7T IR R B TR R E R

=2 PCBs MHLHEEHRM
Table 2 Effect of PCBs on Logarithm of actinomycetic amounts

] PCBs(pg-kg™!)
Time(d) 0 180 900 1800 2700

1 No plant 4.278 a(a) 4.370 a(a) 4.503 a(a) 4.445 a(a) 4.595 a(a)
K. obovata 4.448 a(a) 4.519a(a) 4.532 a(a) 4.584 a(a) 4.600 a(a)
30 No plant 4.425 a(a) 4.483 a(a) 4.626 a(a) 4.648 a(a) 4.538 a(a)
K. obovata 4.802 b(a) 4.880 b(a) 4.918 b(a) 4.831 a(a) 4.881 b(a)
90 No plant 5.408 a(a) 5.205 a(a) 5.847 a(b) 5.373 a(a) 5.065 a(a)
K. obovata 5.590 a(a) 5.712 b(a) 5.718 a(ab) 5.699 a(a) 5.857 b(b)
180 No plant 4.339 a(a) 5.170 a(bd) 5.601 a(c) 5.321 a(b) 5.073 a(d)
K. obovata 5.345 b(a) 5.407 a(a) 5.125 b(b) 5.386 a(a) 5.754 b(ec)
270 No plant 4.401 a(a) 4.501 a(ab) 4.590 a(b) 4.447 a(a) 4.594 a(b)
K. obovata 5.285 b(a) 5.153 b(a) 5.292 b(a) 5.185 b(a) 5.370 b(a)

2.1.3 PCBs XYL EBSR K%

23 SRF, FEAGHRA BB D SRR . TSR EE R AR, B SR R B A
B 2 MK B, BRI

MEE 1~ 5590 K, T SRR, SHTRY P EEREXRAEE, T8 180 X, JIRW+HE
BRI 4T M, ERFEALT 900 1 2700 -kg ™' PCBs ADFRLH K BH B35 W T XHR4L (P <0.05) ., F4%
270 R ,BR T 900ug-kg "' PCBs AbFHH E B4R 2 AR BE4, %4 PCBs MM AR B BE B T R4 (P <
0.05),

FERME T RKARAO UL, B4 180 X,900 71 2700pg - kg ™' PCBs b FHLLH H. 74 & 2 % T Xf B4, T 180
wg-kg ' PCBs AbFI4H EEHE X B KT XHR4L; B4 270 K, B 1800ug-kg ' PCBs AbFH4H H B 5 2 B &%
TR, KHEFEHBERABE,

£3 PCBs HEHBRIIFIN
Table 3 Effect of PCBs on fungi amounts

B ] PCBs(pug-kg™")
Time(d) 0 180 900 1800 2700

1 No plant 4.128 a(a) 4.142 a(a) 4.191 a(a) 4.122 a(a) 4.199 a(a)
K. obovata 4.067 a(a) 4.116 a(a) 4.245 a(a) 4.190 a(a) 4.307 a(a)
30 No plant 4.137 a(a) 4.234 a(a) 4.384 a(a) 3.876 a(a) 4.198 a(a)
K. obovata 4.266 a(a) 4.287 a(a) 4.349 a(a) 4.285 a(a) 4.347 a(a)
90 No plant 5.075 a(a) 5.233 a(a) 5.156 a(a) 5.195 a(a) 5.235 a(a)
K. obovata 4.996 a(a) 4.855 b(a) 4.959 a(a) 4.891 b(a) 5.016 a(a)
180 No plant 4.840 a(a) 4.709 a(a) 5.161 a(b) 3.932 a(e) 5.112 a(b)
K. obovata 4.419 b(a) 4.265 b(bd) 5.125 a(c) 4.319 b(ad) 5.171 a(c)
270 No plant 4.062 a(a) 4.229 a(b) 4.040 a(a) 4.210 a(b) 4.460 a(c)
K. obovata 4.418 b(a) 4.261 a(ab) 4.338 b(a) 4.126 a(b) 4.456 a(ac)
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2.2 PCBs Xttt Y SRR RN

Bl 1 ZREW, RFAEKAR TR e Y TR 2R R ERRE R R R AR BE, B2
EER, B X N2 RER TR R E-THR G BERTFR. A5 90 ~ 5 180 X, Rl T Ak ARKY
TURYIH Y E ZR B SR T R FE . EM AR MR T , PCBs X UEY ERRBF L MR
MAABAE

—0— Opgkg! —DO—180ugkg' —A— 900 ugkg ! —O— 1800 ug-kg ' —%—2700 pgkg '

0.18 0.18

016 I FAHE No plant 016 L I K obovata
014 | 014 -
3 012 3012 F
& 010 [- & 0.10
= 0081 = 008 |-
Z 0.06 |- Z 0.06 -
004 | 0.04 |-
002 B 0.02 -
0 o g W ‘ ‘ ‘ % |
0 30 9 180 270 0 30 9 180 270
i ] Time (d) Isf 1] Time (d)

Bl1 PCBs WL R R
Fig.1 Effect of PCBs on microbial diversity

2.3 PCBs X84 HWpi 15 FR Sl

PR 8 S B B M A (B 2 ~ B 5) o RAEE TR YRR S By
B7E4 30.90,180.270 RIFIFE AR r 42 B1%: 0.788.0.949.0.9 F1 0.787, FKHAR X U ARG E 5 4
A YIRS 30.90.,180.270 KEIFHR R r 43314 :0. 882.0. 838 .0. 732 F1 0. 645,

TERI TG , BRI T, PCBs AbFHLH 5% HRZELAH LUTARIPR R B (O 2 R B &, {H S 30 Rig, 5k
FiiER T PCBs AbFHAH B2 8 TXIHEL (P <0.05) . $i8A PCBs X UTA SRR Ve B BA B i HEFE A o
FERKAAR X TR, A5E 30 ~ 58 270 K, BX 180pg-kg ™' PCBs AbFR4I 22 RA B2 41, A HIL PP IR 3 B
BEBTFHBY(P <0.05),

- - kgl —o— 1800ugkg '
—O— Ougkg! —o— 1800ugkg™ —O— Ougkg! ugke
—0— 180ugkg ! =¥ 2700ug-kg™! —O0— 180pg-kg! —¥— 2700ugkg !
= —— 900ugkg ' & —&— 900ugkg !
=2 TE 20|
ZE 20 ZE 20
S a & 2
oD & =8
<o SE I3
<z 15+ == n
&5 o2
[S= .5
= =
=3 10 28 101
28 10 s
s B
g"? 51 aé‘ s
&5 =2
=1 —
0 | | | 0 | ! | |
0 30 90 180 270 0 30 90 180 270
fif ] Time (d) FefH] Time (d)
B2 RIFIWEE PCBs F KA UL WP 5 38 B 1 S W B3 RIS PCBs Rk X UTEFE G 2

Fig. 2  Effect of different concentrations of PCBs on non-vegetated Fig. 3 Effect of different concentrations of PCBs on K. obovata

sediments respiration rhizopheric sediments respirition

2.4 PCBs XS A8
2.4.1 PCBs Xt £ B & ALEHE MR
PCBs X} By EALEE TS ME RS m LR 6 FE 7, R FFIRET , RPN T PCBs A B4 2B EALBETE S
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MEERABE, B 30 X, 1800 F 2700pg kg™ PCBs ABA LB AAAME B E R T XA (P <
0.05), 325 180 KLAJG , RFH1H PCBs 4LBHLH By SALBHE M B3 = TXRA (P <0.01) , FA kA PCBs
ALFRLARR 900pg-kg ™' S, BEYEALBETE M B R T RA., XRUAREWE T, PCBs W Rl + ik

—O— Ougkg! —6— 1800ugkg '’ —O— Ougkg! —6— 1800ugkg '’
—O— 180ug kg ! —¥— 2700ug kg™ —O— 180ug ke —¥— 2700ug kg™
8.0 - —B— 900ugke ' 90 — —&— 900ugkg

w” 8.0
B3 78r S
=g » 32
EE 7.6 - = g 82 -
WE 74l =
pis} ° ;ﬂ,j % 7.8 —
RS 72+ R G
# B SE R
=8 7.0 - = 5

oD

— 68| =270 -

66 ! I ! I
6.6 | | | | J
0 30 N 9,1(3. d 180 270 0 30 90 180 270
] Time (d) W Time (d)
B4 AFWEE PCBs M ARFETURYMAE Y SRR B 5 ARV PCBs MBI X UTRYI AL YA R R
Fig.4 Effect of PCBs on non-vegetated sediment microbial amounts in Fig.5 Effect of PCBs on K. obovata rhizopheric sediment microbial
different concentrations amounts in different concentrations amount in different concentrations

MG 30 ~ 5590 KX, BN AIERABE BKIR X B9 2B A LB M8 i TR AP, 58 180 XLUG , T
HSRMHETRY S AUBESERARE

—O— Ougkg! —6— 1800ugkg '’ —O— Ougkg! —6— lSOOpg-kgl
—0— 180ug-kg! —¥— 2700ug-kg™! —O— 180pgkg™! —k— 2700ugkg
50 - & 900ugkg'’ —&— 900ugkg '
E 55
235 4B —-
S 46 25 |
g3z [ i
gsc o Bt )
wig r g5
W= s P )
ea 38 =3 9
EsE =5 40|
®EE or EEE
23 34| ==
on e 351
SE | 28
30 I ‘ ‘ ‘ - £ I I I I J
0 30 90 180 270 30
W] Time (d) 0 30 ‘ .90 180 270
Bt fi] Time (d)

Bl 6 PCBs X ARMETIRYHE HEEE RN
Fig. 6 Effect of PCBs on activity of polyphenol oxidase in non-

Bl7 PCBs XPBKARAR X UUERY b 25 By S AL B T 0

Fig.7 Effect of PCBs on activity of polyphenol oxidase in K. obovata

vegetated sediment
& rhizopheric sediment

2.4.2 PCBs Xt @AWl TS M R R

PCBs ST 4L (POD) Y& PERY A LI 8. BUBFF IR, 1800 ~2700pg-kg ™"y PCBs Ml T
POD 3% #: (P <0.05) , 2% 30 K, M5 M7 449K £, PCBs 4 P4 POD G S3RERABE ., 590 KLU
J& ,PCBs 4b3E4H POD ¥ B3 5 T4 (P <0.05) , 3 PCBs Xt POD Tt 2 Seill il 58 , B Hl1ER
5 PCBs W EA X,

PCBs S Bkiiii#R X U4 POD T& A m LI 9, XIHIH, 2700pg-kg ™' B9 PCBs #%l T POD A 75 1
(P <0.05) ,[BEE7E MR ERR, B4 30 X ,900pg-kg ™' F1 2700 pg-kg ™" ) PCBs 4b 341 POD /& B2 & T
HR4H (P <0.05) , 355 180 X, % 1800pg-kg ™' #b, HAx PCBs Ab3H 4 POD J& B H T XHE4 (P <0.05),
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F)%5 270 X, 4 PCBs {hHIH B E B TXRA,

—O— Ougkg! —©— 1800ugkg ' —0— Ougkg! —o— 1800ugkg’
100  —5— 180ugkg —K— 2700ug kg™ —O0— 180pg kgt —¥— 2700ugkg!
1

7 2= 900ugke ! 100 - —&— 900ugke

| |
HET 80| D
=2 g wop
£ 7T gz gl
£4¢ =25
No 5 60| =)
HEZE 25 60|
HEZ sof WEE
TRy A2 sf

[=] A
o0 B -
EY 2 wl| @
30 \ | ! ! | =7
0 30 90 180 270 30 ; ‘ m ‘ " ! " ! —
MR Time (@) At 1] Time (d)
B8 PCBs XIAFMEIUR S A BE HER B9 PCBs XPHHAR K YTEch i S IL U P B
Fig. 8 Effect of PCBs on activity of peroxidase in non-vegetated Fig. 9 Effect of PCBs on activity of peroxidase in K. obovata

sediment rhizopheric sediment

MEE 30 ~ 55 270 X, BKAHAR X f POD T4 B & = TR (P <0.05) ,
3 itig
3.1 PCBs X B M R ERR LR N

Zhang 45 75 715 e BEK HERE S KRS TR RE W R BT A R A, HE K G AR (TPH) f e J
S5irES R AE N EEY AN Bk B2 EAH%, Ramsay & BB T 4 Y6 & X6 TS YL LR AR
TRt YA R R B, A T TS e R A RN R AT B0 & e KA R A S B R A K. T
BHI5H R PCBs 5 YL HSRIRZ —, Nichols 25" B S 28, I AR F 88 he  Fode \ IR A 2 5 i +
ANEE2,2 - ZHEZE RZR G R R SRS R LTS Y R SR A N R P AR 35, (R, SR A
9 L IEAH L, BB T Medicago sativa L. 1 Poa alpina L. T 8218 RAUPE BB MR ARTE 1 LR, FEARR
B LIS IR R R FPAE , S5 BR 4R H , PCBs ADEH AT 36 In 40 8 AR B O B, SX T BB 2 PCBs BT AFE N
— PRI, I T RERR TS SRR AR K . HoH, SRFME K AR 9 UTARY 4 PCBs Ab 38 V] 3 325 42 5 40 T8 I &k
HHEE. b TAETEEREIRY PR NEE, BT PCBs XFRK AR X IR 4 40 M B2 R &8
HA WK PCBs (R AEMA K,

DURRYIPIR 8 B 55k Ui A MU 2R {h e g, 3 vp il /6 R 48 33 A W s Bk €O,
KR, v R & IR Y B, R B A VLR %, U R B IEARFE R, B REF L8
R, ZERFEER T, PCBs AL B TTARYIE 30 B 3 L R4 B e R T, B4~ 51
EZRARBES, HARPRERES HXHRE BERE, L9 PCBs fEdEfid: Y1y A K 5 e mi{e 8t T Uiy
PR BE 7

B FAEETRY Y b SR L3RR, B4 W E R YRR EEE R, 8
90 X, L PR R AR FIE , BRI ECERA — MM , 3X 2 B T A, T30 B 5., T B0k v i B A
BT —MNHER, FEEFERE LA, F5, SRMEM L, kT B ER SR P AENEE,
B, BRI EE X AR,

3.2 PCBs X{RFMETIRYI AR AR X U B 15 M i 3

IV P B LIEFHRAENERE R, IRk aREYAN, BTk B s skik. +
BATURY B SRR YA i — RSB AV B R T AT AR RE = A AR S 2
HeAHE R BEVS Y I RIRE R o T BRI SR R AR V5 S R AR, BE W] AR AR AE R R Y, e R AR A )
BIAR R E (IRFR ) o A B4 P VR BRI R 6 A 7= M RB S B e AR B B8, M TR AR T5 e .
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o H ML R BB N TS e O T T AR, A TR B B A T A A DY . MR R h i R B E
HIREALAE R , WA BTS2

AR T EPEEN SRR, 8BS 5 FRBMU AN SRR ALRE. ELEPSREE
AL B YIEEAL N BT R4 40 AR eh , Z B AL BEAE 25 T B A, 7E M 72 b 5 B S AL IS M R TR
ALY Bt st , B EYEALEEE M5 1R AR Bk X, ZBEEES AEAN TR B AR
BN, Hh B2 5T PCBs WM™, TRBEP MRRNLHELME TS5 T 1EH%HFa]
BRI MR AR, SRR BN TR I (a | ERX A VLIS e R, NI IR/ T 2R 5 R75 5 8
HIAEYMER BB , AR SR P R BITRY 28 S B E 5 PCBs M ERFERA IEMRERER,

AR RS, T ARk ATE B AR, PCBs A0 Z By A AMEHEE & T R4 FEA TS
SO RERMELIRE R PCBs Fr2 RIS IR P Y = 2 EAMNRER, A THEYNS 5,7
%30 B 90 K, Bk AR X UL 2 By B4 BEE M B 2/ T RFE (B 180 RLUS , A AUA FPH BES
HERABE, BN 2B S0 EESENMEYT=4,

TR Y+ POD BBFFH i FHl: YR s so s AL B VB A T 78 138 O B it B AL S A A
ANSELYPHE, ST EAVR (B & RFERIAMEEY)) . POD BHiFZHA R R /ERY AR
BB R, EHRIE R LR SR TR A R = . POD RIS 55 L0 RN, In: B4R
DE BB RN R BRA RN, AR S 5B YNRERN. YRPEARELA YN TESEYSIE
YRR FEF=E POD, EXNERT, IR HALYHE ( Horseradish peroxidase ( HRP) ) | &t A AL YR
( Chloroperoxidase( CPO) ) ARJiZE I E ALY B ( Lignin peroxidase (LiP) ) 4% E 4k ¥JEg ( Manganese peroxidase
(MnP)Z:84L T 15 Je 9 MR, Hoep  LiP MnP 2 5 T & BURE N 1 ~6 9 PCBs KIMEME™ . Kucerova
a1 Y i POD BRI PCBs, Chu %" g BFFtu B S+ POD Fl P-450 #4535 T PCBs i
BEfEAIEELL . Y% PCBs B9/ IIBE 15 POD MIEMHEIEMX® B.5 LiP fl MnP ¥A %4, Zhang
4 8 e DR SE7 WHT 5 S R K TR %ok 7K S SR TS A B 2 M v BB K P B R (TPH) YR 5 B AU E i
S YEELL R B EABER B FIEMERK, FEARFFR S ,POD &5 PCBs {5 ik A BEMH KRR,
BE5URYF PCBs MEBREREIEMHRRXR, ZEREIEP , KFpE PCBs 4bHLLH L By A ALEFA POD 15 143
B TR, RV X PR ER TR PCBs 15 R BURIS IR, XFRMRBTS5T2,2° ,4,4°-CBf2,2° 4,
4’ ,6,6° -CB HIMER , Bt — T
4 Zip

(1) Bk TR S TR P A AR EN B E , EARER EENEE. AKX AT ,PCBs 4h3
i B ER ST P ARAREENEE. TIRYTFREE SHMAEYEHE A HMRZEEE, PCBs {21
TR W B e BT TR HE T SRR A PRI BB ) o

Q)RR EG T, AENRERMAEY T BERBLHEEB RN R EEEE, 5RO EYHE
H, R DT YR Wy 2 R e SO X8I PCBs XM ZE M F RS R R A &

(3) PCBs "I {E SE U Yy £ By EAL B 7= A= , WAL AR Y o POD Sl 5 37 , R X W Fp g2 PCBs 15
B BURIE bR
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