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Synergistic Degradation of 3,3’,4,4'—Tetrachlorobiphenyl by Nano Fe’ and Microorganism
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Abstract: The degradation of 3,3’,4,4'—tetrachlorobiphenyl (PCB77) in soils by nano Fe’ and microorganism was studied. The natural degra—
dation rate of PCB77 was very low in soils, and the degradation of PCB77 could be improved by nano Fe’ microorganism and the nano Fe°
and microorganism integrated treatment system, which followed the pseudo first—order reaction kinetics. When the initial concentration of
PCB77 in soil was 4 mg-kg, and the dosage of nano Fe® was 20 mg- g, the reaction rate constants(k ) were 0.020 5d™, 0.016 5d " and 0.014 5
d™ in red soil, yellow cinnamon soil and shajiang black soil, respectively. When the microbial inoculation amount was 2x108 cfu-g™, the reac—
tion rate constants(% ) were 0.013 6 d', 0.009 4 d' and 0.012 4 d~". In the nano Fe° and microorganism integrated treatment system, the reac—
tion rate constants(k ) were 0.026 4 d!, 0.021 8 d' and 0.023 2 d™'. As a result, a combination of nano Fe® and microorganism could acceler—
ate the degradation of PCB77 compared to the individual use. It suggested that there were significant synergistic effects between nano Fe® and
microorganism for the degradation of PCB77.
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NH,NO; 1.0 g, IEEF/KE 1 000 mL,pH £ 7.0,
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) 70% , #8743 8L 5 min, 7€ 30 °C BEYERM TR,
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5% 25 mL, RFl . PCB77 7£ 3 rp S [l R
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Table 1 Physical and chemical properties of the tested soils
5 B 1/ %%
i RECA pH i M — B wh
AR: 4 AN 3T 4.95 17.6 7.03 56.23 21.27 24.87
#Higt AR 6.80 15.4 14.40 38.51 33.57 27.92
WEEL Ll 8.42 12.0 12.77 5.49 41.09 53.42
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2 HREWE

2.1 1K Fe® By SEM RAE

2K Fe® AR BE(SEM)ME LRI 1, 40
K Fe® BUBHMATESUN FoRE5H, )R <100 nm,
7 2~10 pm, BARA S FHORGEFMBORF 2 1], 2 417
AITREAEEH , USRI AR 4.71 m?- g7

S

1 4K Fe* MR IR E
Figure 1 SEM image of the nanometer—sized Fe®
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THSEH, DN, BB, PR, B 2 H@Ek 168
tDNA () PCR ¥ 3 45 R i Ik & . 7K JH 1 2 DNA
Marker, DL 5000™ DNA Marker, TaKaRa = 44 T. 7%
(KiE) HFRAT; WKiE 2 4 PCBs PR RARY 16S
rDNA,, i i3 16S rtDNA ZEPH AR KRG LT
Wi, W25 REMA Pseudomonas sp.(1& 3),
B R B Bl AR I 2 25~35 °C, FxfE pH {H7E 7.0
. B 2 d IBBINBUE R,

i

1.5kb

B 2 Btk 16S tDNA ) PCR # 845 Rk E
Figure 2 Agarose electrophoresis of PCR products

of strain 16S rDNA

2.3 +3Erh PCB77 H kMR

+-3Erh PCB77 IR E R 4 mg kg™, 7EHARME
fRS5AET 3 B L3R PCB77 SR BRI 4, Bl
B[R] 3, 43 PCB77 (5% B 6% W7 2218 [
fi%, )i 28 d B} PCB77 7E£T 3 | ¥ 48 + Fimb 2 B4
FREA 43R0 79.90% .84.18% .84.59% , 1R
[, PCB77 3R B A —E 25, HR/NIF K - 1<
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FefREE XTI RE S L5 B B9 pH AL & & FIHL
AR K o
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Bl 5, RSN A (R A3 T, 2139 5548 L FnabE R 4 rp
PCB77 M955% B IR W PEAIG, S0 28 d B 3 1
Erh PCB77 5% B3 437K 48.03%.55.59% .53.47%,
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74, PCB
98¢ Pseudomonas sp. WMQ-7
79%'? Pseudomonas fluorescens strain HDY-9

%5’ Pseudomonas putida isolate PSB30
7} --Pseudomonas alkylphenolia strain KL.28
F' Pseudomonas cichorii culture—collection CFBP:2101
I

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 99% 741_r~Pseudomonas chlororaphis strain IHB B 1352
| 91*Pseudomonas syringae pv. syringae strain IPPBC-R30
|_r~~Pseudomonas mendocina strain E67
§ bttt Pseudomonas aeruginosa strain GSM3
Ly Xanthomonas sp. UAM58
69" Zoogloea remigera strain 106

Gluconobacter oxydans strain LMG 1674

o0z 3 BRERGREH

Figure 3 Phylogenetic dendrogram based on the 16S rDNA sequences of degradation strain
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814 LR DB KA Mm% 2x10 cfu-g™,3 FL B PCBT7 MR B
Figure 4 Natural degradation of PCB77 in soils ’l 6, Kl SON B E A3 0, 38 PCB77 MFR B R A
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Figure 5 Degradation of PCB77 in soils by nano Fe®
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(U TR o BB k=1 10— ks T LA o D
JREE ST, Refd A MLE LI S A - I
2Fe* + RCl + H' —2Fe* + RH +CI- (4) I
BRITIERIAIK Fe® WEf# PCBTT R— BB A o
R, AR ER N IEERYK Fe® $24EH 6o
¥, BTSRRI E T RETSN H 7 Sor
K 1B B PCB77 W E, JRFA&K H 3 "5 10 15 20 25 30
PCB77 %A iR R, 0B T SRS 0 I A S e/

6 S EHIBE R L 5k PCB77
By R, 40K Fe® FER M SFEPA R T OH, Figure 6 Degradation of PCB77 in soils by microorganism
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o IR0 -5 PCBT7 RIRESFR =40, W25 HEWi A
W H R VIR A - 38 vh PCBT7 LUF AR AR
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Figure 7 Degradation of PCB77 in soils by combined use of nano
Fe® and microorganism
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KAt , v LA Fe® SR 7= i &S AE ki Pt
1R, H A UM K2 Lee 55 | Fe® U3 [A] IR A &
desulfitobacterium sp. strain Y-51 {K & [#&f# PCE, 455
FINZ I BXE YA B PCE EBRIEHE AR,

WAL, 91K Fe® YHFMAE YR R Xt L3 PCBT7
ISR, 9K Fe® B BAATE— MR AE(E, 40K Fe' 1
BB, 77 A Hy AR, SR AL A B AT BB T
BRI TR 90K F® BME &, ™
AR R pH R, IR A K
2.7 PCB77 T L PR PR+ =

PCB77 7 38 v i A 72 /] UM — sl 1%
TR , PCB77 ZEANR] 338 v i) sy 78 2 8 50F
TR MRERE LR 2,

MFE2 W LIEH, 13 PCB77 B AR RIK,
PCB77 TE£13E 545 1+ AV BB - i B AR R 2

ki
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% 2 PCB77 EARR L EFHIBEFL =
Table 2 Half-life(¢,,)of PCB77 in different soils

+iE Qb k tin/d r
% HARERR 0.005 2 1333 0.887
YK Feo 0.020 5 33.8 0.981
VAR 0.013 6 51.0 0.896
Yk Fe+EMR 0.026 4 263 0.993
L ISP~ 0.004 7 147.4 0.956
YK Fe? 0.016 5 42.0 0.878
VAR 0.009 4 73.7 0.951
Yok Fe+PEME  0.0218 31.8 0.912
WEBE  BRKER 0.004 9 141.4 0.934
YK Fe° 0.014 5 47.8 0.959
ARV 0.012 4 55.9 0.966
Yok Fe+PEMmmEE  0.023 2 29.9 0.956

B (1) 43508 133.3.147.4.141.4 d, 4K Fe Fil
AT RERA B hn b+ 58 v PCB77 BYREMRER 2, o
YK Fe® 5 ,PCB77 TE413E . ¥4 LMW R R PR
Rk 43528 0.020 5 d7.0.016 5 d 1 0.014 5
d™, B 2 B 43 Bk 33.8.42.0.47.8 d; 3% PCBs
R vh I, SO R H 307k 0.013 6 d7.,0.009 4 d
100124 d7, FRMEFERISBIHR 51.0.73.7.55.9 d;
T RIRT BN T 40K Fe SRR T , KN B35 500
B4 0.026 4 d.,0.021 8 d' F1 0.023 2 d, Ff K 321
WA K 26.3.31.8.29.9 d, HEEBRA 1A R A —{K 5
Ja BB, U E R R BB BAR F4K Fe® FIfA:
P ER—IR R, 91K Fe® UpRITIAE MR B 1k R X 13
Hr) PCBT7 Pfiff sk BB R PSR
2.8 4k Fe* SREY Z B EERNE
2.8.1 oK Fe X Rk o A= 1 A5 )

YK Fe' X FEFEE A K MM, Z5RME 8 BT
o HIE 8 FTLUE Y, BEE BRI R4, AR AR
) ODgw fEFH , 2 d B R AEUAE K, FHRREAER
F) ODg LR B K, PG HA THE . BMYIKFE" BE
BERBREAE AR (P<0.01), 3555 2 d B
A KA ODgy (B R 0.236, BIMAIK Fe® )5 REAR TR A=
K1 ODgyo fE K 0.271, 3% HGIK Fe® BB R I A=
KA ODgo [ETEEANFE I — EARRFRR (H . R, 9
K Fe® FIFTE A R FREMEMAL, 7T IHERT,
Yk Fe @i AL E B M M ERES TR E Y
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Figure 8 Effect of nano Fe® on the growth of strain
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3 45ig

(il AR TG e R B —
SRR FERR . 2oL, WFS7E Genbank L i
TRV LT R R R B, WP e
¥RA Pseudomonas sp. .

(2)4138 | Eite L AP 22 R 4 PCBT7 IR
¥ 4 mg-kg™, BER NI A SE AN , 2K Fe® FIfAE
Y B — KR K HER A 1K 2 PCBT7 F5R B ARG A
HOREAR , R ff e R Y W] — RN B 1 2 UG

(3) 3% PCB77 HARFEMERAL, 41K Fe® B—
TR Z XS PCBTT HIFEMRRCRAF TR B — AR, 9
K Fe® 5T YyBk & 1 7 b R IR A O RCR 22 B AR
FYK Fe® MY B—K R,

(YK Fe® 5Tk 2 8] i R A LR «
DYk Fe SHEAEWE KA ISR ; QYK Fe 5t
PCB77 38 JF Bt U5 A= LA P 8] = IR , R — bR
22 Bk PCBT7 ILARH M)t IR Y, BB AN PR
PCB77 BIMSLE VIR o

B 9 BRI MFERE PCBT7 HIRAT
Figure 9 Effect of biphenyl on PCB77 degradation by

microorganism
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