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Abstract: [Objective] Reductive dechlorination is a key pathway for the degradation of hexachlorobenzene (HCB)
which is a persistent organic pollutant. In anaerobic paddy soils, magnetite (Fe3O4) can enhance the direct
dechlorination under the action of iron-reducing bacteria and their interacting microorganisms which have a
dechlorination function. The process is characterized by an increased electron transfer rate and enhanced chemical

reductive dechlorination of organic chlorinated pollutants by an acceleration in the production of adsorbed Fe(II),

* VLA BRIBIERRH RIBHL Q& T 4 (BE2022302) %Bf Supported by the Special Funds for Carbon Peak and Carbon Neutral
Science and Technology Innovation of Jiangsu Province (No. BE2022302)
fEZ WA KRR (1982—), 2o, @IFEE, EERT LIRSS 5SA N5 M) E-mail: 002263@nuist.cdu.cn
Wcks H391: 2023-06-295 W EME She H . 2023-10-16

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

which is an effective electron donor. To improve the dispersity of Fe3Os, this study attempted to load nano-Fe3O4
onto biochar (BC) and then clarified the effect of nano-Fe3O4/BC composite material on the reductive dechlorination
of HCB in anaerobic paddy soil and their possible mechanisms. [Method] First, nano-Fe3O4, BC and nano-
Fe304/BC composite materials were prepared, and their surface morphologies, crystal structures, and characteristic
functional groups were characterized. Then, the anaerobic incubation experiment was conducted in slurry systems
with Hydragric Acrisols as the tested soil. The internal relationships between pH, Eh, adsorbed or dissolved Fe(Il),
and the HCB dechlorination process in the reaction systems were analyzed. [Result] Results showed that the
dechlorination degradation of HCB was negligible for the sterilized control treatment, indicating that the reductive
dechlorination of HCB was mainly completed by microorganisms. The addition of single BC accelerated the
reductive dechlorination of HCB by increasing soil pH, enhancing the reducibility of the reaction system, and
promoting the formation of adsorbed Fe(II). The addition of exclusive nano-Fe3;Oas presented a stronger effect on
promoting the reductive dechlorination of HCB than the addition of BC alone. This was mainly because nano-Fe3O4
could significantly enhance the production of adsorbed Fe(II) through dissimilatory Fe reduction and adsorbed Fe(II)
as an effective electron donor to accelerate the chemical reductive dechlorination of HCB. Also, the application of
nano-Fe304/BC composite material presented a stronger effect on promoting the reductive dechlorination of HCB
than the single nano-Fe3Oas. This was attributed to the larger specific surface area of nano-Fe3;04/BC composite
material and better dispersity of nano-Fe;O4 on the BC surface. This was more beneficial for the electron transfer
process in the reaction system relative to the exclusive nano-Fe3Os application. [ Conclusion] In conclusion, the
nano-Fe304/BC composite material was a more efficient remediation additive for HCB-contaminated soil compared
with single nano-Fe3O4 and BC. In the future, the nano-Fe304/BC composite material can be promoted and applied
in the remediation and treatment of polychlorinated organic pollutants.
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TRKFEM o T X Sem FE 25 5, ACHIE 7 ik i ot A I AZ AR N 338 )3 B8 1) 3 Ji JBd 517
%A%, LLAIRALHCB B RCR
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Fig. 1 SEM photos of biochar (a), nano-Fe3O4 (b) and nano-Fe3O4/biochar (c)
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Fig. 2 XRD patterns of biochar (BC), nano-Fe3O4 (Fe304) and nano-Fe3Oas/biochar (Fe;04/BC)
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Fig. 3 The FTIR spectra of nano-Fe3O4 (Fe3O4), biochar (BC) and nano-Fe3O4/biochar (Fe304/BC)

2.2 RMNREH) pH & Eh TiE

HAb T 7 N AR R pH A Eh ARAL I FE L2 1. JRERGI% 42d N, S-CK ALK pH 7E 5.2~5.6
Z [P 5. CK Fl FesOq4 AR pH 7E 7 d WK T 0.2, ZJ5 0Bt m, mE&nmlfae
£ 5.8 F1 5.9, FE R PR BE IR A HIE MU AE AU EVE R B = A A HLEE 2R i
(201, WA RE IR AT, A HLERAE N PR AR (1) T BEAR T B i Y FE, S BURRBAA F
) pH Bt . BC Fl Fe;04/BC ALFEN) pH {EEEARE IR R B 3 m T HAth 3 ik
(P<0.05), EFNEVRFMK S EAERL ST, Wih, 8. . 8, Xeehite
TR DAAS e AR -3 v ) HORSS e ART/KSF, 3T 2 R 1 351 pHIZ7),

F AR ER Eh 7ENIFFAG IREASE TR 8 m, BB K. 5597 42 d N, %408 Eh T
BB 9: S-CK (63mV). CK (-12mV). Fe;04 (-75mV). BC (-94mV). Fe;04+BC
(-126 mV). S-CK A3 ] Eh 55 F=I (A K2R AR /N, £ 59~79 mV Z (B3] . CK. Fe3Oan
BC Al Fe;04/BC ALPE[¥) Eh FR: SR I [AIIZHT AR, A 21 d BEEFRESH, & 403 Eh K/
N: Fe3;04/BC<BC<Fe;04<CK. FTIHRMIIAK Fes04n HMH LI AK FesOu/FW 5B E 44
BLIREH BOM 5 N AR R I8 R M.

® 1 TRAIER R IAZRA pH & Eh Bk sRATEIAZE 1L
Table 1 Temporal variation of pH and Eh in the reaction systems of different treatments during the incubation

AbFE B A Time/d
pH/Eh
Treatment 0 7 14 21 28 35 42
pH S-CK 5.240.3b 5.3#).3b 5.440.3b 5.440.4b 5.540.4b 5.640.3b 5.640.3b

CK 53#0.4b 5.140.4b 54403b 5.640.3b 5.840.4b 5.740.2b 5.840.4b
FesO4 5.3#.3b 5.14#0.3b 5.340.4b 5.640.4b 5.740.3b 5.740.3b 5.940.4b
BC 5.6#.3a 5.8#0.3a 6.240).5a 6.340.5a 6.340.5a 6.440.5a 6.440.5a
Fes04/BC 5.6#0.5a 5.840.4a 6.240.5a 6.340.4a 6.340.4a 6.440.5a 6.34).3a
Eh/mV S-CK 7945a 5946a 534ba 6745a 49+4a 7445a 61+7a
CK 68+ba 5347ab  -19#4b -53+7b -103+1b -148+18b -167422b
FesO4 7549a 4746b  —2545hc —7548c -141#18c -187#7c -218H7c
BC 84+12a  51#8ab -25#4bc  -98#1d  -179#6d -—229#1d —265+24d
Fes04BC 74493 4745h 293¢  -144#4e  -231+25e -282#24e  —317430e
e [ —FIER G AN R - RERORTE 0.05 K TR REZES. TH. Note: Different letters within a column
indicate significant difference at P<0.05. The same below.

2.3 RNAARPIRMZSTARS Fe() 22Tk

HI & 4 AT, S-CK AREE MR S Fe(ID) & RARD, BEAREFRMIETE 0.04~1.0 mmol-kg!
Z s Ak 4 AN AEERR A Fe() & =AERT 7 d 218390, SR)5 RSN, XA hE 2
HF AN RBAM HCB A L3 A=A 50k, ARy s v i), (BREEMAEY
WY e — AR BT, A OR SR T S PR BT G 5 o BN E TR R o R A BRI B S
Fe(I) & & 1 EARIF A: FesOs/BC>Fe;04>BC>CK>S-CK. 3 BB AL JE A= i Fe(I) £
BRI RIEIE R, I A= P v] {2 i Bk SE A T A R B S Fe(ID), 492K FesO4 AT
WO R A KR, R R 3 1 58 ALK B IR A A Fe(IT),  FesOu/BC AbER I P Fe(ID)
TR E ST HMAE,

M 4 AT, fEREANEFRIAN], Bk S-CK B HAMA Fe(I) & E—EHRD A, FHiAh 4
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AR FEARAS Fo(UD) & BAEN 7d 2818 1 7t, SR HRE ETF, S0k SURHEAS FeDiin 145
LS., AL, Fes04/BC Al FesOu AL MRA Fe(I) 5 it &% 85 T BC Al
CK 4P (P<0.05). XJEEI 4 W PHZSAIVEMER Fe() & &, W] LLE RIS Fe(ID) & & K4
FEVEIRZS Fe(ID) & BN 14 15~16 i, RIS AA 28 R A8 J5 AR B Fe(In) 3 22 LAVR FfY
S

30 T 20 -

—o—S8-CK —a—CK ——S-CK —&—CK
—&—Fes0s —4—BC 1

—#—Fes0s —&—BC
—4—FesOs+BC

.
a

—#—TFe;0stBC

)
=3

0.8 7

0.6 -+

i ASFe(ID) 7 it Dissolved Fe(Il) contents/(mmol-kg )

0.4 +

I [ ASFe(I) 7% it Absorbed Fe(IT) contents/(mmolkg ')

02 +

0.0

I 5] Time/d I 1] Time/d

K 4 R [E] AL IR S VA RS Fe(ID) & BBl R 37 15 A1 281k

Fig. 4 Changes of absorbed and dissolved Fe(II) contents with incubation time for different treatments

2.4 FERERMAEZES HCB iHBENZS

M S AT, fEREANES IR, S-CK ALFE ) HCB JHGE 3 — BRI, 53845 WY
WD THIIE RN 17.8%. AT AR KER CK. FesOsv BC Al Fe;04/BC Ab¥E, HCB Wk &
TEREFRIIRT 7 d BRARERR, G GEAEH AR, #9558 4240, H HCB HEE SN
WIGH B 39.9% 51.1%- 45.3%7F1 58.7%.

K HHE— IR AR 5) 71 5 T R AHE — R 3 /17 DT B SHL & AR AL B HCB 1 ksl
A, SRR 2. WLEH, HCB JH G FEBERT &1 — % i sh 1 i R R A e — 2 f%
s 1A, HX A 5 R A I R PR R E R b A ke WK/ YN
Fe304/BC>Fe;04>BC>CK>S-CK. R IFIIMAED R FIAK FesO4 $REIERE HCB Fffg, HAkK
FesOu BRI T AR s ININGK FesOu/ W B4 M BHE it HCB B g 1R R et

% 3 Y HCB S B&#f# >4 PeCB. TeCB il TCB 4 iizh#&. AILLE H, PeCB & HCB
B3 BB Y, TeCB 5 TCBANAER; TR/ 28~42 d A, 10 HAE & 2K T PeCB.
1E 42 d P53 FEF, S-CK ALHE[) PeCB A= i@ ik T HAth 4 NGB, RKBEM) 4 A ab e
PeCB A= AN . 7EESFEAIHT 35d, PeCB HIAE MR IMEAME, )5 7d, PeCBH
NIEEIHE I . ASFEIALERY) PeCB AR B & K /NIFA: Fes04/BC> Fe;04>BC>CK>S-CK. M 28
d FFh, BRKpE AN AL 4 AN BB H T TeCB 1 TCB, 34 1,2,3,5-TeCB. 1,2,3,4-
TeCB. 1,2,3-TCB. 1,3,5-TCB 1 1,2,4-TCB. .+ 1,2,3,5-TeCB HI4 K& =T 1,2,3,4-TeCB;
1,3,5-TCB M4 & =+ 1,2,3-TCB il 1,2,4-TCB.

ANFEAHE SR R HCB A=Y (45 PeCB. 1,2,3,5-TeCB. 1,2,3,4-TeCB. 1,2,3-
TCB. 1,3,5-TCB #1 1,2,4-TCB) .t &5 7RI 8] )84T FE WL 5. ATRAE H, KR ALY
HCB W& Sk, HBEEEFR AR AR N Hofth 4 ANAEBR ) HCB a4 i 2 b
R Rt I FRLk BTt . BEaREE R, S-CK AREE[) HCB WA~ S 20 594G HCB & &
1.9%, TMiA&KE K CK. Fe;04. BC Fll Fe;04/BC 4LFE () HCB it &4 M B 2 5l L W14 HCB
TEM 26.4%-. 33.7%. 29.1%F1 39.7%, RIA[FEIALEER) HCB iS04 5 & K/ NBT
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Fe;04/BC>Fe;0.>BC>CK>S-CK, 5 AN[AAbHL[E] HCB 7B &1 Z 7MY & .

20 T s -

—0—S8-CK —a—CK
T  —&—Fe0: ——BC
—4—Fes0++BC

HCBY% ] fit HCB residues/(unol'kg 1)

——S-CK —8—CK
6 - —4—FesOs —4&—BC
—4—Fes0++BC

HCBJ 57 )i 1t Sum of HCB metabolites/(umolkg 1)

' ' " I 1] Tzir]ne/d * “ " ' ' " I ] Tzillne/d * ” *
K 5 A4 HCB &8 &R E Y (855 PeCB. 1,2,3,5-TeCB. 1,2,34-TeCB. 1,2,3-TCB. 1,3,5-
TCB Fl 1,2,4-TCB) & &bt 75 7] ff) 424k,
Fig. 5 Changes of HCB resides and the sum of HCB metabolites (including PeCB, 1,2,3,5-TeCB, 1,2,3,4-TeCB,
1,2,3-TCB, 1,3,5-TCB and 1,2,4-TCB) with incubation time for different treatments

% 2 TEIALIE HCB BERERE—/Z RN NFEFRIUNEER
Table 2 Pseudo-first-order and pseudo-second-order kinetic fitting results of HCB degradation for different

treatments
HE—H B )% WA )%
Qb3 —
32t
Treatment N
ki/dt R? e tuo/d ka/(d~1-umol?) R? /d
S-CK 0.002 7 0.88 259.4 0.000 2 0.87 319.6
CK 0.0095 0.98 72.7 0.0007 0.99 73.8
FesO4 0.014 8 0.98 46.9 0.001 3 0.99 41.7
BC 0.0114 0.98 62.3 0.0009 0.99 58.1
Fe304+BC 0.017 2 0.99 40.3 0.0017 0.99 31.7
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#* 3 TREIER RAFR+ HCB Bt SMERR4) PeCB. TeCB (1,2,3,4-TeCB #11,2,3,5-TeCB) 1 TCB (1,2,3-TCB, 1,2,4-TCB #1 1,3,5-TCB) KI5 RLENZS
Table 3 Dynamics of PeCB, TeCB (1,2,3,4-TeCB and 1,2,3,5-TeCB) and TCB (1,2,3-TCB, 1,2,4-TCB and 1,3,5-TCB) formation in the reactive systems for different treatments/(pmol-kg™)

Qb PeCB 1,2,3,4-TeCB 1,2,3,5-TeCB
Treatment 7d 14d 21d 28d 35d 42d 28d 35d 42d 28d 35d 42d
S-CK 0.1040.01d  0.15#0.01d  0.23#0.02d 0.3620.02e  0.36#0.02e  0.3520.0le - - - - - -
CK 0.9540.06c  1.56#0.09c  2.89#0.18c 3.2320.22d 3.95#0.25d 4.12#0.26d 0.0820.00b  0.08#0.00b 0.11+0.01b 0.1420.01b  0.1840.01b  0.21+40.01b
Fe;04 1.1740.08b  1.72#0.11b  3.3420.26b 4.1140.30b 4.76#0.28b 5.1140.31b 0.12#0.0l1a  0.13#0.00a 0.1620.02a 0.18#0.02a  0.21#0.02ab  0.2740.02a
BC 1.0940.07bc  1.58#0.11bc 3.2520.18b 3.6540.25c 4.31#0.26c 4.4420.32c 0.11#0.0l1a  0.12#0.0l1a 0.1520.01a 0.17#0.0lab 0.20#0.0lab  0.2440.03ab
Fe;04+BC 1.5540.10a  2.15#0.14a  3.8740.22a 4.78#0.3la 5.65#0.37a 6.1240.28a 0.1240.00a  0.15#0.0l1a 0.17#0.0la 0.19#0.0la  0.23#0.02a  0.27#40.03a
JOpi] 1,2,3-TCB 1,2,4-TCB 1,3,5-TCB
Treatment 28d 35d 42d 28d 35d 42d 28d 35d 42d
S-CK - - - - - - - - -
CK 0.0440.00b  0.05#0.00b  0.05#0.00c  0.0620.00b 0.0840.01b 0.11+0.01b 0.1820.01b  0.2330.02b  0.31+40.02b
Fe;04 0.05#0.00a  0.07#0.01b  0.0940.01b 0.0820.00b 0.1140.0l1a 0.13#0.01a 0.2020.02ab  0.2940.03a  0.39#0.03a
BC 0.0540.00a  0.07#0.01b  0.08#0.01b 0.07#0.00b 0.10#0.0l1a 0.13#0.01a 0.21#0.0lab 0.2840.02a 0.37#0.03a
Fe;04+BC 0.07#0.01a  0.0940.0la  0.13#0.0l1a 0.10#0.00a 0.12#0.0l1a 0.15#0.0l1a 0.24#0.02a  0.3140.02a  0.4140.03a
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33w

3.1 HCB &[5 fi S & FEE R ALHI 4

H% 3 AT LAHEN, HCB M SUFE MR Jei% A PeCB, PeCB F-ZZLLANF W Fhik A2 4k 22 it
S B#f#: PeCB—1,2,3,5-TeCB—1,3,5-TCB #1 PeCB—1,2,3,4-TeCB—1,2,4-TCB, H.LAHj—Ff
B2 NE, iX 5 Fathepure 2R 7 R — 8. EE PRI _EAFALE [ CL g U 1 3 5
FREEAE, —MONARAL CLERMEREEIUR, FUGRIAL, A7 Cl R ) i BB,

HARKA AV HHCBHIPeCB T i 1 5] /K BE A 2951 HPOPs, [F]IHCB. PeCB. 1,2,4,5-
TeCBAI1,2,4-TCB .4 35 [ IR B AR 3 5 N3 VRMIL S gz hili5 Get & 580, AiE7e kB, HCB
W JFE ) F B EPeCB, TeCBFMTCBIRD . [Klk, Wi 5® ik PeCB I BF fif th v 5] o F AL .
ARHFFEAS I B HCB I LS 11,2,4-TCB, UL EEH1,2,4-TCBINTE JRBEH — XI5, H
A HCB. PeCBFTeCB /it & M fif = A ) —ixi5 4. —J7 T, 1,2,4-TCBRA m#E, 7 —J7m,
1,2,4-TCBRZEIR FEBURIE G AR AT . A7 A A3 Fh s ) 4544 . Rl 1,2,4-TCBAE Ay %
SR G, HAEREE (B ARAT A R 5 5% .

Cl

a cl
cl
cl cl cl cl G
cl
— — + —
ci cl cl cl sl cl
i Cl +
cl cl
cl Cl
cl
HCB PeCB TeCB TCB

Kl 6 HCBI)IL [t S b it ade A%
Fig. 6 Reductive dechlorination pathway of HCB

KAL) HCB I S0 ) e AR D, B HCB 38 5l S0/ ZEAE A I/ E T 3647
HCB ik SR i 5 5 ZA (A M AP g e . ey, Al i S0 e IR e, 40
WA Fe(IDIRBN I[N o Al BRIE IR AE DG R TRk R T, BEVE AR IFIL IR Fe(I1D),
Fag J5 ) Fe(I) il 5 R 3E b 2 AFE RIS M HUMEHLEC IR R BB SR, AR &
YRR 73 AR BN ST AR AE T LB W) . KER 23 Fe(ID)MC-& W i) 5 L 1388 i FE 35 /N T
A Fe(l), PMHARBAGLIENE, o7 T L34 HCB A A A A 230 It S P
B, bk, REGFMHT, BEMENMAEMEEAEEBATIEE, W Desulfitobacterium
Sulfurospirillum Anaeromyxobacter Desulfomonile Desulfovibrio Desulfuromonas~ Geobacter
Dehalogenimonas~ Dehalococcoides VA% Dehalobacter, Yt Dehalococcoides F1 Dehalobacter
e B PR, T AR AR L SR 100, X SRR AR Rl DA s RLAR R A I DR AR
REEFERER R, OB, NIRRT A, KA NLG RN T2k TiE
Ji, I BARE R R AR e AT AE KO0, (H, RS IE s PR S AR A LAY
TAEAEAE R AE TR IR EIA T A, IF H it T H 2 MRRAE YR EEAE KR e, it
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KB 508, KA IFIRE RN W78 0. dtta] W, o A 2 id IR i SE
WAL RIS, #LAHMAENZE A 6 56 B
3.2 E¥R{RiE HCB X R B SRR RIS

IV RARHHCBIC RIS E2, BNV AT iEE L8 KpH, 22 13 iRt

(K1)o K& AL I AT Pt pH R AT T ERIE SR e 77 5B B2, DR I A= P vl {2

i AR R AR R R R B A Fe(1D) (4D HASE SR R IFIE JE Mg 9 (1), MRS Fe(I)
RN R TR EHCBAG 28 SR I S, 10 HAHT 58 R IHCB i &0 7 5 8 5 I 2
Fe(I) & = 2 M F EMAHRX KR (P<0.05). BAIIAEMAEY), W DehalococcoidesF
Dehalobacter Vg TYERAEDE 33, Rk, @A w vl s 3% pH M {2 EHCB I Tl A4
PIIE SR IS IeAh, A vl i i W B HCB T A H & A7 AR R R B39, B/ R AR )
RFMEAHF 2 B SURRMERRSERE, By ] LEd s d R FR e X B e 2
) A5 360360 PRIk, ARk RTAE D FELF 2 AR A s it S D R 4 5 L3R T B FTHC B (8] )
FL A%, BE T A2 EHCB B3 A 03 S5 i 5 1 ELAS I A= 490 2k w] LUl i 250385 - S5 i BRAL M o
$i v o v 5 S B P ) 2 S8, ik i A A LSS G B A P TR T S
3.3 43K Fe;O4 {Ri# HCB i JR Bt SPE AR AU

IRIMAK FesO4 B35 (21t HCB ik 7 i S i, EL 2 Ll AEYI R KRCRBE B3 . 1%,
YK FezOq 1ENBRUE RT3 18 9 AL R IE SR TR RO 1, S AR TR 181 e A8 R AR P 7 27 4R
A FL AR B A FURE N LB AL SRAT I FE e A 2 Bk e e, 7 ARS8 S5 Fe(ID), Fe(I)R] LA
52 AR RES AN (LR B F7EER - EDTA %5) K Johl (OH. CI'. CO*,
PO 48) Motk KA EVEH, A BBk 28 SR 70 AR 25T A AE T B AR T . 1B 4 1)
G5 A R I B AR R R AR R AR ) Fe(1D) 3 2 DI RS TE A7 . IRFRAS Fe(IDE
ARG IR JFIETE, AL A L3 b T2 AR AR I S M WU E LG A4 55 44 3 i 2511 Fe(1D)
SE T ST Fe(I) R T2 280, 1 BB S ) Fe(LD) AR B S 4k, 1
M EAR T KRR TALEE . KREVIFIRY], WS Fe(IDIE VA R B TR W] DL #EH
PSS R A0 SR I SR . FLUk, H TR oK FesOq T 7 AL I AL Bk 58 SIS AE )
Re g I SLARHIR AR R A S S, e AR i B DR L A AR R %, B 1 BB R 2%
FAYME N T 3ZAK, SEW] DM A LR E IR AE i 7 324K 4, aniAT IR (Geobacter) Al
A PLIREE (Shewanella) TR Ji7 it 5805 T8 R AH 8 1 Mt Uit A= A e It S8 A8 11 s Iz 3k
P1~2 DNEEPS ., A ORERIE AR Y i Ji 15 32 B R AS Fe(ID) Ak 2 i S04 A2
AEDFACH LR, AW E R H A EIE JFE B Shewanella decolorationis S12 45660
B fif = H e AN TSy, 5 RO, R TR 1 P S ot SURSOR A 9% TR I i T AR A 58
B SR 2R I S A RO i B3, RIHEN Shewanella decolorationis S12 %2 il (g 12t
WP A Fe(ID)AE Bk 32 mfb 7 i SURR AL AR B9, thAh, 9oKak FesOq Kidt N B2 HLELT, fiE
R G PHELEMEY) 5 T S2 AR IR A8 B, AETMEN) 5 H T SR TR TR R — AN IE 2R ) 3 F
W2, JF BLA R T AE 2 8] g S B AR D¢ R 12, R AT R B i Mot SRR P ) I
FAE . i, Kato ZENOLE T4 BT K I HUE PR G. sulfurreducens 5 T. denitrificans 2
() ] DA I g A0 i B B 9K FeaOa RITKLIT BGZE BT B FE M 45 - Aulenta SE1 1R HLZNK FesOq
AT IE A SR AR TR A i SRR [ AR 3, AT T = S e PR3 Rl S P fie o

S, HCB Wi J5 it s B A TH A E R, AR e FEAL A G4 i S e A
PR EERSE, USBRIEIEE R Fe(ID)IL IR, ERMRIIZS Fe(ID)M#£iE)5E HCB. 1T HCB
£y POPs BAT s U AL Bk, XE ARG W B ) 5 A, B R GE AR AR e AL i 7
TR B AR ST R AR A I U A T R A v R M LSS G B A SR B AR BT
AT HCB &M AE USRS Fe(l) & & [HAFAE B3 IEAHDGC R, HE—D
HHIR B Fe(ID) A2 {2t HCB 14 5 i S OB Rl -+ o
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3.4 9K FesOv MR 8 &AM EHMRH HCB R B SBEREAIHLH

IS INANK FesOu/  E W A HC B IR J5 i 18 28 42 25 v T AN b 38, 2 B KNG K FesOu/A2
Yo A MR LR T AR EE K HLAH K FesOq 1 23 B B8 47, KRG T 1 AE ) S5 FesOa/ E K
F M AL 2, 117 H 29K FesOa/ A=K A MR AN K FeaO4 B A B8 5 1 5 FL VAN B 5 1)
R, ASREAEY) 2 IR PR B AR 00, R, — 5T, PRGN KFesOu/E W i e T
SR JF B I8 IR Fe(IID A2 W M &S Fe(IDRE /1 (El4) K& 1 B AR Fe(1D) A1 B 58 (134 JiR
PE GRD R THCBRIE SR SR I SR 225 53— J5 T, 49K FesOa/ M)A R T E )
Z I EE IR, 3Rk T HCBRI A0 J5 i S B A«

4 45 ik

AN A AL B HCBIE Ji7 it SRR 22 (1) KNI 4 ;- FesOa/BC>Fe3;04>BC>CK>S-CK. HCB
) 3 Bl S A% 4%2 9 : HCB—PeCB—1,2,3,5-TeCB—1,3,5-TCB . K [ 4b ¥ [y HC B F# ik %
TE/NFARK AL EE, RITHCBIE J5 B S 75 ZEAE WU L NI T o dnAEY % AT (g i HCB
RIS, B RN A IR W] A AR IR T, (R S AR R A R R I S Fe(IT), H
15 I AR R I8 SRR 3 . AN NN K Fes O EHCBIE JE LA, VAR T 44K Fes O mT i 32 W it
BFe(IDMAERK, 1M HYIKFe;04 LA BT TR, AR TRZEI AN AL . Wl
KFesOu/ EYNIRAFHCBIA J5 i SUH 2 0 3 w5 T A4 /M b B, 5 ZE RN YK FesO/ MR 6
AR B3R T A B K H YK FesOalfI 43 B s 4, KRR HE T OB AR R I AR IR . 45
TR, 40KFesOu/ AW A MR —Fh AR A M5 Y LI E 5.
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