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—¥k PCBs P& E RIFERRAF IE R & B R 1L
ERF GA KBR hE KR PG FEE AE

(s R BRI IRERA2Be 195 Bat 210095)

8 ZE: (B8] 43— ARG SHEME, F Rt 2 ZFK(PCBs) ) g dF i, JF
SRR AT AL, [k ] A RERE#) 2,44-TCB 5 3,344 -TCB AE—# R, HEH
7% F 4e4% 5% & (Sinorhizobium melilon)xt R ) % &I R 69 IE AR 4610 AL /), FREAT R B o H AR A
B AERARIE. (LR BEANARIEN TG, MERMIREZAIE M, ZHA A 2,44 -TCB 8914 E
A ZTHEAY, ARIKE 1.0 mg/L MIEMERS, H 93.3%; mARSRA 50.0 mg/L &
H 65.1%. 3t F A fE 49 v FIRK 3,3',4,4'-TCB, B AR AERAKKRE 1.0 mg/L B R F A 56.2%,
RS RE 25.0 mg/L B 4 22.8%. #RE 30°C. pH7.0. #FE 45mL. ¥&E 25mL &, &
FF ARSI 10.0 mg/L 2,4,4-TCB 89 MK B &, 7d 69 bR k) 54.8%42 3 %) 83.6%.
AT . B BAACH EBEAE A R RN T ERIF R SAMREMBOR. [48] B T4k
J& B 2t PCBs A ARAF 44 i B8R, A5 45 Rt PCBs 89 14 A I B IRSe + PCBs 49 A W15 4 F
HEBFF 6 & S A R R
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Degradation characteristics and fermentation conditions
optimization of a PCBs-degrading strain
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Abstract: [Objective] This study was aimed to investigate the degradation characteristics and
fermentation optimization of a PCBs-degrading strain. [Methods] The capability of Sinorhizobium
melilon on PCBs degradation was studied with different concentrations of 2,4,4-TCB and
3,3',4,4'-TCB as the sole carbon source separately. The optimum PCBs-degrading conditions were
researched by orthogonal experiment and co-metabolism experiment. [Results] The degradation rate
of Sinorhizobium melilon to 2,4,4'-TCB was decreased gradually with the concentration increase of
2,4,4'-TCB. The degradation rates for 2,4,4'-TCB were 93.3% of 1.0 mg/L and 65.1% with the
highest concentration up to 50.0 mg/L for 7 days, respectively. The degradation rates were 56.2% of
1.0 mg/L and 22.8% with the highest concentration of 25.0 mg/L for 3,3',4,4'-TCB, individually. The
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orthogonal experiment showed that the optimal conditions for degradation process were as follows:
pH 7.0, temperature 30 °C, inoculation volume 4.5 mL, medium cubage 25 mL/250 mL. Under these
conditions, the degradation rate of the strain was increased from 54.8% to 83.6%. In addition, the
degradation rate of PCBs was increased with limonene, corvone and mannitol as co-metabolism
substratesby Sinorhizobium melilon. [Conclusion] Sinorhizobium melilon is effective in degrading
PCBs and our results have significant application on the study of microbial degradation and

environment bioremediation of PCBs.

Keywords: Sinorhizobium melilon, PCBs, Fermentation optimization, Co-metabolism

Z AWK (Polychlorinated biphenyls, PCBs)J&
B PR E oM 12 FHEA AN Z —. ik
GV RESBMEAFIERNT , BRI Z
GRS . HEAA e fb2eEtE . A
NN R S (AR =) i SO L B VA 5 | 22
P RERCEEAE, BT R & E RTER
355 e B A AR 3 it ke P e T

WAEYMESE HA RN G450 G5 3 R
SR G e E iz —. HETE A
i TVFZmA PCBs FEART, FLTH 411 B R
(Lgninolytic fungi) ; 4 B 4117 »¢ & /K 7 =X
(Burkholderia) . & .l i J& (Pseudomonas) . %
fE ¥ g J& (Sphingomonas) AR>Szl
(Rhodococcus). 7 #F T J& (Arthrobacter) . A ST 5
J& (Acinetobacter) . ZEfFF 1R J& (Bacillus) . #IRFF
1 /& (Corynebacterium) & AR B4y [ 0
BE AT DL B RASAEAE , T DI AR S G RHE )
A, MAIEE SN ERE BA R ML
SR Damaj 2 kiRl T AR Rhizobium
meliloti Zb57 FIF%f# PCBs. BfJ5 HAF5E R AR
T A T 32 I F BRI 05 AL S e Re e
Chen Z5U R LN TAEH AR, #3E T —HRHEAT £
SRR D) RE AR B, ARG AT H A
Wyitis e IR IB R RE T . IRFTE Wk Bk
A AR RO IR U R 2 IR SR & PCBs A 8Lt
) R AR B8R o A S DA 8 R4S 1) 1 i vh AR T
(Sinorhizobium melilon) iy ik, LA 2,4,4'-TCB
Y5 3,3",4,4'-TCB JJyME—RR , R FFR AR I 5 56 %ot
AL i R B N VI P2 o S DU BN (3
FEHATOAL, LIS HREMRCR . LU PCBs 15
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eI AR Y E S B TR R IR IR B AR
1 MRS %
1.1 prFNEFRE

BRI R A AR S 56 22 A A LR PCBs 15 SR R A%
I 2w 4R RS . drifEdh 2,4,4-TCB
(PCB28)Y 3,3',4,4-TCB (PCB77)l4 T4t 5 H & &,
AR ARG BR A . LR ERS1E C ek k4l
HoAt iR 1228 3 B 4t

HEEm R BB SR L (YMA, g/L): TR
% 10.0, K,HPO, 0.5, MgSO47H,0 0.2, NaCl 0.1,
Bk (1%) 100 mL, CaCO; 3.0, 247K 900 mL,
pH 7.0-7.2,

Jo ML FE mb R 5F 5L (g/L) . KH,PO, 3.7,
K,HPO43H,0 5.2, NH,Cl 1.0, Na,SO4 1.0,
MgSO47H,0 0.2, 4@ 1 mL, #KE
1000 mL, pH7.0-7.5,

R4 R R (g/L): FeCly:4H,0 0.300 0,
CoCl,-6H,0 0.038 0, MnCl,-4H,0 0.020 0, ZnCl,
0.014 0, H;BO;0.012 4, Na,MoO42H,0 0.040 0,
CuCl,-2H,0 0.003 4, 2B F7K 1 000 mL.

DI FEEFRIE T 1x10° Pa K 30 min J5
#HwH.

1.2 PCBs &R RIS BFIGE1L

B 10 g #rfif + M A E] 10 mg/L 2,4,4'-TCB Ny
ME—fRIRE A JCHLER B 3R Ak rp, 30 °C. 180 r/min &
TR 1 G, % 10% 05 4 AR Y
2,44'-TCB JHlER IR rp, E2E 4 3 k.
FEEEFRFRILFITE 2,4,4'-TCB M ME—BRIR AF-AR
TRATAT R —TRAR , 5 ZARIRAKR R AT 2,4,4'-TCB #%
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IR B FEAL D RESE I, B0 UF i A 2,4,4"-TCB 1
Fefiae ). LOZAREIE M BIFSE AR, w44k SL1,
1.3 E#HSLI EBE YRS FFEE
131 HBEMNE: RO LANHRRLEETF
Wt AT RS AR o AR A AR S e T,
132 BHS FRET B FXEEUE KI HE ik
SL1 BRI, SR SDS-CTAB L3R EUAN A
MIEN4] DNA. LI DNA R#itl, PCR § 14
16S rRNA 1y % A /7 41, 8 H 5l ¥k 27f
(5'-AGAGTTTGATCCTGGCTCAG-3") 1  1492r
(5'-GGTTACCTTGTTACGACTT-3"). PCR =#%
BN FC H ARSI, DU oh B Vg DR AL R G
FRAFTES . MFLHRAE GenBank H 17 IR Y P
FbAs, KA MEGA 4.0 U RS L B W .
14 RBEREARRERNARKE 2,4,4'-TCB
3,3',4,4'-TCB BYP&fREE1L

Rk it AR IR R 4%« K AR A T YMA [
ASEH E 30 °C 154k 24 h, PRECATETEHEA 30 mL
WARRIF YMA 85383 rh - KGR, RIE L 3%
FeAh (AR ) PR 28] 30 mL YMA AR
e s, 30 °C. 180 r/min 3555 48 h, ¥ KR
FE AL BB MBS 010 000 r/min. 5 min), Y
R, JH pH 7.0 19 0.05 mol/L B2 ZE Mk k% 2
R =

BRIREEAFR SRR EAEASFKED
2,4,4'-TCB Y 3,3',4,4-TCB K ICHLERREFRH T,
30 °C. 180 r/min & IR¥EFE, VAHE A K& TR 0 4b

PAEXT IR, MM 7 d J5 2,4,4-TCB 3%
3,3",4,4-TCB MIFEAR2%E

SEAVWE  JCHLER B 3R LI PCBs i, 430
W4, —410A 2,4,4'-TCB AME—RRIE, WEBEE N
1.0, 50, 10.0. 25.0. 50.0 mg/L; 7 —#LL
3,3',4,4-TCB AME—Hxi, WEREN 1.0, 5.0,
10.0. 25.0 mg/L, 2,44-TCB. 3,3',4,4'-TCB L)
PERFECHI AL 1 000 mg/L (IR, FEAS R A
KH 5 I TCHLER 5 IR 3 | R — B B 75 DI 44 &
JE
1.5 IEXSRIEMIL SL1 BRI & BE &1t

PG IR FITE AR SL1 ZEFI PR R KRR %,
JEHEA YMA WARRE RS A T R I o FE R R I
AR, E pH. MR, AR R 4 R
5 KFFATIESS LS, IR A/KFaER 1 R, W
IRPEIAR R % 48 h 5 25O RCAE TR AR i 25 AR i
WA, A LL 10 mg/L () 2,4,4-TCB JME—fiRJE
A TEHLER R FEHEH, 30 °C, 180 r/min K53 7.d,
FEREE SL1 X 2,4,4'-TCB FEf#R, FHifE AR
fift 2 IR I LB A G .
1.6 HERIE R SL1 BEEAIEE L&

il & Wbk SL1 MIIKIRIR R, HEEASA
10 mg/L 2,4,4-TCB W TCHLER G-I, Kigrdbr
FEBIIMAKREE R | mg/L BRI . RS, HEZ
B BOR . FOTEA . APk . 30 °C. 180 r/min ##
IRIRG R 7 d, DA IO RIRAE XTI, I
Btk SL1 % 2,4,4"-TCB [HFEfR %

®1 FWERSKFR

Table 1 Factors and levels of orthogonal design

7K A R B pH C Hefh i D 3
Level Temperature (°C) pH value Inoculum volume (mL) Culture capacity (mL)
1 20 5.0 0.5 25
2 25 6.0 1.5 50
3 30 7.0 3.0 75
4 35 8.0 4.5 100
5 40 9.0 6.0 150
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1.7 {KER{AZR 2,4,4'-TCB. 3,3',4,4'-TCB RYJ{2
BXFA ZE

Bk SL1 X} PCBs #1k 7 d J&, 43 b i A4
I LR CIRZEI 3 Ik, MR G T E G, G
FIZRBOK, IATCIK NaySO4 ik, SR J5 i Fillie
MRRRANUREZREET, UIECHERE 1 mL
RIS

K VAT R 25 (Y Varian 3800 BY/S,
A AL o o B AL . CP-sil24CB (30 mx
0.25 mmx0.25 pm), #EFEHEE N 260 °C, A6 I 5 U
JE 4300 °Co A7 Tl : MR EE 4 120 °C, 0.5 min,
10 °C/min BEEEFHE 2 180 °C, %% 1 min, )5
15 °C/min & & FHE 2 250 °C, $F%E 25 min, Jo43
WEREE 1 pL, BN FHLEA, HWE 1.0 mL/min,
1.8 HiEERE

Ief ik 2 (o) = (K T Kb PHL 8 Y0 Ak 38— R A BRI
YRR 2 )/ O TR A PRI RO JE < 100

AR TE Excel 2003 & SPSS 18.0 Hy
56
2 GREME
2.1 PCBs ¥EBDBMNEE

M PCBs 15 4% -3 i £ — 1k PCBs FEMEE
firfi o~ SL1. WRETE AR B35S 48 h )5, TETEE
AN BIERREER . CRE . g5 R
THEHE A R B E B A LR AR e 2 FT ik,

25 16S rRNA FEK ¥ I 55 GenBank H £ % 5%

AT IR 7 9 AT AR B, R BLE K SL1
(GenBank % 5% 5 & KF98277)4 Sinorhizobium
meliloti (X67222) () — H Pk ] 99%, FF kA
MEGA 4.0 ¥k N-J /744 % SL1 1) 16S rRNA F
GEER, WE 1. g6 EMEMREL R, HiE
Pk SL1 Y5 N H A& 4 AL 14 (Sinorhizobium
melilon),

2.2 Ekk SL1 %t 2,4,4'-TCB HIPERRAR

WK 2 s, Lh 2,4,4-TCB JyME—BRIGE NS, 42
ANE TR E SLL ¥4k 7 d 5, W
2,44'-TCB &b, 5KEX AL, 7E0)
AYREESR 1.0, 5.0, 10.0, 25.0, 50.0 mg/L £5F T
W ARNT 2,4,4'-TCB WK fR2E 500 93.3% .
85.7%. 54.8%. 57.5%. 65.1%. Bfi# 15 Uik L
AOBEAN, TR I R A 0 T R e A BT,
XA REE T 2,4,4'-TCB MRS AR =4 T
—EM#E, PR TR ERmR R, H
W i A<k T P 7, U B O T RO R Y
2,4,4'-TCB A — & 3 W 1 .

HiFk SL1 XJBAfK 2,4,4'-TCB [EfRALE GC
KIS 3 s, 5K EARFATE, SL1 & TR Ak 3
T, IK¥) 2,4,4-TCB M EIEEA T LR /N, K
PR — R AN, TREARIE I, A aT
RESE TR H B W SR AR A 2% 5T anfaf sk
JIN BT ) B ) KR A 7 ) 45 A 3 T Sk — 2P
W% .

F2 Bk SL1 BVAIRAE (LA

Table 2 Physiological and biochemical characteristics of strain SL1

WiH Items 2zE B Results

WiH Items ZE R Results

H LR YL(E Gram-staining -
A AL Gelatin liquefaction -
V-P i3 Voges-Proskauertest =
AL Oxidase test -
JHEHE Sucrose +

VEN K f# Hydrolysis of starch -
M.R.JZJ¥. Methyl red test -

T E L A RHAL Catalase test 4+
B Glucose +

FLBE Lactose =

TEe e PHPERE; — BATESNL

Note: +: Positive reaction; —: Negative reaction.
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Rhizobium daejeonense KCTC12121" (AY341343)
z Rhizobium herbae CCBAU 83011" (GU565534)
Bartonella vinsonii 93C01" (L35052)
L Ensifer adhaerens LMG 20216" (AM181733)

Ensifer mexicanum ITTG R7" (DQ411930)
{ Sinorhizobium chiapanecum I'TTG S70 (EU286550)
Sinorhizobium kummerowiae CCBAU 71714 (AY034028)
_’7 Sinorhizobium fredii ATCC 35423" (D14516)

Sinorhizobium americanum CFNEI 156" (AF506513)
Ensifer garamanticus ORS 1400" (AY500255)

Ensifer medicae WSM 419" (CP000738)

Sinorhizobium meliloti LMG 6133" (X67222)
Sinorhizobium arboris LMG 14919 (AM181744)
Mesorhizobium camelthorni CCNWXJ 40-4" (EU169581)

.002

1 SL1 & #k 16S rRNA EREFFIRF L F R
Figure 1 Phylogenetic tree established using the Neighbor-Joining method, based on 16S rRNA sequences of SL1 and the
related strains
TE: 555 = B GenBank H /74155 #7RALHK 0.002 B FFRREE .

Note: Numbers in parentheses represent the sequences accession number in GenBank. Scale bar equals approximately 0.002 nucleotide

divergence.
< 100 2.3 EHRA 3,3',4,4'-TCB P& ARSI R
£ H H BRI AU SO , A2 50 T U i
£ % I B A SR IR, ST 5 T4, #EPEd
§o " ﬂ ﬂ H SR MERE AR 19— 25 PCB 4% 2", 10 3,3',4,4'-TCB

10.0 25.0 50.0
Imtlal concentration (mg/L)

2 SL1 X ARREIRER 2,4,4'-TCB BIPERRME
Figure 2 Degradation rate of 2,4,4'-TCB by SL1 under
different concentrations
A
mV
500 2.4.4'-TCB
400 - ¢
300 \
200 !
100 \
O _ N

B
mV

30
20 “l /2,4,4'-TCB
10 /\\\
o Y e

30 35 40 45 50 55 60

3 FRELET 2,4,4'-TCB B9 GC Ei%
Figure 3 GC spectra of 2,4,4’-TCB under different treatments
Note: A: Sterilization treatment; B: Strain SL1 treatment.

K HPRRY), W EARRE, #AETE PR
Feff A, IR 4 nTLUE H, BEREXT 3,37,4,4-TCB
(1) R R AL AR 4T 2,4,4"-TCB WIREFR%, 7E 1.0,
5.0, 10.0, 25.0 mg/L PIGRMREESAMT, HFEMRR
3N 56.2% ., 40.0%. 32.8%. 22.8%. [FIFEEIH
RN SRR Yy 33y [ 52 S Dl N i O

lome

10.0 25.0
lmtlal concentration (mg/L)

Degradation rate (%)

4 SL1 BXAERER 3,3',4,4'-TCB BIPERIE

Figure 4 Degradation rate of 3,3',4,4'-TCB by SL1 under
different concentrations
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24 BWHREABEREMHL

AN ) R B SR A AN S e i A M ) A=
ISR A A 7 s e, R TR AR SL
X} 10 mg/L 2,4,4'-TCB W FEMRCR , XM A BES
PFEATIE SR o 1TE AT 6 I 2 45 SR L 3% 3.

H% 3 AL, FEA S, i EE 30 °C L pH 7.0,
BERfE 4.5 mL, $EWE 25 mL B, EAk SL1 Xt
2,4,4'-TCB [ff %t , K5 83.6%, XA

[FIR R BT ZE R 708, SREBH R EH
X BARBREGE RN, R 3 1 R E AT LA
tH, pH X SL1 BRRAREAG AR R, & BRI
SL1 FARRFEME A 52 £ R N RN . pH>IR
FE>de >R . R — IR R FIKE T
JIeXt i) PCB28 FEMRFRAN AN, AR HIR AL I3
AN AByC3D,, BIREE 25°C. pH 8.0, #&Fh&

3mL, W 50 mL.

*3 EXRBHEREWNSER

Table 3 The direct-viewing analysis of orthogonal experiment

b A RE B pH C Heffit D 2 Wi dit Z=H [f3iES
No. Temperature (°C) pH value Inoculum volume (mL) Culture capacity (mL) Blank Degradation rate (%)
1 2(25) 2(6.0) 5(6.0) 1(25) 2 59.5
2 5(40) 5(9.0) 2(1.5) 1 5 33.1
3 3(30) 4(8.0) 5 2(50) 1 74.9
4 5 2 4(4.5) 3(75) 1 32.9
5 1(20) 5 5 5(150) 3 52.3
6 5 3(7.0) 5 4(100) 4 43.1
7 2 1(5.0) 4 5 4 41.3
8 3 2 3(3.0) 5 5 56.1
9 3 1 2 4 2 33.8
10 1 1 1(0.5) 1 1 15.9
11 4(35) 1 5 3 5 15.7
12 4 2 1 4 3 36.6
13 2 5 3 4 1 71.7
14 1 4 4 4 5 81.6
15 5 1 3 2 3 66.2
16 3 3 4 1 3 83.6
17 4 4 3 1 4 60.1
18 1 3 3 3 2 74.0
19 3 5 1 3 4 57.4
20 1 2 2 2 4 72.6
21 2 4 2 3 3 72.6
22 4 3 2 5 1 14.7
23 2 3 1 2 5 80.7
24 5 4 1 5 2 64.6
25 4 5 4 2 2 50.3
K 59.3 34.6 51.0 50.4 42.0
Ks 65.1 51.6 45.4 68.9 56.4
Ks 61.1 59.2 65.6 50.5 62.2
Ky 35.5 70.8 57.9 53.4 54.9
Ks 48.0 52.9 49.1 45.8 534
R 29.7 36.2 20.3 23.1 20.2
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K SPSS 18.0 BAFXIESIKI AT I 20 MRS, KL B B HA TS QAR
Br, i 4 Fril: pH (F>3.84)XSLRATRARE  AOTERY, YR 0 e il ) 5 nl 7
S, U S BT A RA B =R P PCBs MMM, Kwon % PE i vk i
PIRIZFN LW, Al WAEA LR ICETER NN, w2 OA U PCBs Y XBR, RHXLL
bR SL1 XHRAL . Al B HA RN YIBaTRe A BT 4 PCBs MM ILIE R, 2

SE I it PCBs SLARIBHFEARIT 16 A% AR5
25 HAEERMIE SL1 MBI A A SRR, X 15 Sierra 2509,

MR 5 LA, SRV, TR E ST S S RARSE AL, SR WIIBEAE I X
AR . HEERE . AT EAESR S SLL X A ZHPOREEME AR S EM . .,
10 mg/L 2,4,4'-TCB RyFEMfAR, i al il BOFPRIER MO, XrTREm TRl 2
AN 54.8%R ] 89.4%; MR HEME. A HAVEBERIEAAE , O AT L PR I SR
P WO R B A SORAT A —E RO o Ay NI 1 R ff 2 SBOR S i 33k, 5 S e
R RN I3 Sy B AT S [ AR A A Bl SRR

x4 EXRBEAHES

Table 4 Variance analysis of orthogonal experiment

Ti ZEAR FJ5 df Y5 P
. Value of F .
Source of variation Sum of squares Degree of freedom Mean squares Sig.
A 0.290 4 0.073 3.495 0.062
B 0.351 4 0.088 4.222 0.040*
C 0.127 4 0.032 1.528 0.282
D 0.158 4 0.040 1.906 0.203
%2 Error 0.166 8 0.021

TE: e ZREX LR EE. N FOAmRp A G SE Fa(f,fE), W FESIRMER RN & Fi>Fa(f,fE), FZRXTTREE
HA R A Fij<Fa(f,fE), AR HI0 R E 2 m.

Note: *: The factor have significant effect on the experiment result. Comparing the value of F and Fa which searched form F-distribution
table; The factor have significant effect on the experiment result when Fj>Fa(fj,fE), no significant effect when Fj< Fa(fj,fE).

x5 FRFLKFMERISE R SL1 FE#Z 2,4,4'-TCB RIS

Table 5 Effect of different co-metabolism substrates on 2,4,4'-TCB degradation rate of SL1

LA TEWAL T 2,4,4'-TCB W% KAAHEF 2,4,4'-TCB # & e fige
Co-metabolism Concentration of 2,4,4'-TCB in SL1 Concentration of 2,4,4-TCB in autoclaved Degradation rate

substrate treatment (mg/L) control (mg/L) (%)
A Ck 0.700+0.450 1.56+0.55 54.8
4% Limonene 0.190-+0.001 1.77+0.29 89.4
FERE Sucrose 0.870+0.230 0.95+0.03 8.5
H#EE Mannitol 0.400+0.160 1.80+0.31 77.8
%M Glucose 0.7600.005 1.56+0.26 51.7
T Carvone 0.470+0.056 1.41+0.13 66.6
XK Biphenyl 0.830+0.390 1.54+0.17 46.1
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ZRPFKEERE L p, b ifae ks
e JUAE L4 22 1) o AR T 258 5 3 i ik 5 e
BAL BT vk, AWk ab B 2 SR A )2 B
S o YA HRTE 1) 22 SR R R i A 22 Ry 2% ER A
PEB, AR TR RE U8 R i 22 IR AN AL DL B
HRJR B AE A AT (B AR A 4 9 [ B b, 27 Rt
Wt fig v ey, mT DURIRE P06 A AR KRS E s Ak M )
1653 3P A HLTE Y A SIS BT 6 S 1 7 AR
HLJRT SL1 (Sinorhizobium melilon), REMSF## — &
i) 2,4,4-TCB FIPUSLH) 3,3",4,4-TCB., % H MK
FREK 2,4,4'-TCB it i R RCR T I8 93.3%,
X AR HERE AR ) 3,37,4,4-TCB, Bl I5 it il ik
| 56.2% , XAFEARSCRE = Har e A AR R
fifp 22 SR IARGE ™ 175 2 F T2 R A
2= FOBAPERE AR I KF707%0 . LB400T U L, bk
KF707 A BEAT &R fif S 1Y 3,3',4,4'-TCB,
LB400T %} 3,3",4,4-TCB HIFEAHEN N 6%, i
BRI T 1 3,37,4,4'-TCB  ELAG & i1 Wit
RO, XSRS AR R ORI A SL1 (e R 22 Sk
Ay AR T .

WX FEE SL1 Y & B B UEA 7SS IR B A
1k, BEBFERE 30 °C, pH 7.0, #EFE 4.5 mL,
W H 25 mL KT, WX 10 mg/L B
2,4,4'-TCB F&f# %Al H1 54.8%32 5 2] 83.6%. pH &
S TR PR AR RO A R . S0 2 AR R
SL1 A 4 PR TR T RE Sy, XTI EE | eyl fds
P, HRTZHENEE . EAERKIEY FE, L
FE 1 7 1S I IR R 418 185 22 S Ik O o fot T 1 B
FERICR, , (HEOR A —Fl5 e o ASBIFSE oI A
WA . AT . H BRI S kR SL1 Y
FefiR, HXPIRIEA S 5 Y . MU SL1 Xf
Z AR BRI IIRERACR , I 2 5O
B2 BRI B R I 22 7T DL 3 o 1A oA
AR DR T AR R AR YR LR A L IR g L AE R )
T e R O IR BRI B S 8 A h A 2
BRI B o I
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