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Abstract: [ Objective] The reductive release of arsenic (As) from paddy soils can be enhanced under waterlogged
conditions. This study aimed to investigate the mechanisms of Mn-modified biochar (MBC), with high oxidation and
adsorption capacity, on inhibiting As release in the waterlogged paddy soil microcosms and to reveal the potential pathways
of mediating As transformation and speciation in soil solution and soil. [Method] This study determined changes in the
basic properties of soil solution, soil, and biochar through mixed or separate incubation of biochar and flooded soil. [Result]
The results showed that, compared with the control and unmodified biochar, MBC significantly promoted the oxidation of
As(I11) to As(V) in the soil solution, keeping a low concentration of As(l11) (0.02-0.88 mg-L™) throughout the incubation
period. The Mn released from MBC into the soil solution was readily precipitated with As(V). Also, the MBC containing rich
pore structure and oxygen-containing functional groups would promote its adsorption for more inorganic arsenic (iAs). MBC
showed greater affinity for Fe (3.12 mg-g™* of Fe was adsorbed on MBC after 28 d), leading to a significant decrease of Fe
concentrations in the soil solution (P < 0.05) and enhanced the adsorption of iAs on the solid-phase. The reduction of Mn-
oxides on MBC increased the pH (0.08-0.22 pH units) of the soil solution, which further promoted the precipitation of Fe on
the solid phase thereby strengthening its adsorption for iAs. As a result, the concentration of iAs extracted from the MBC was
12 times higher than that of the unmodified biochar after incubation of 28 d. The high oxidative properties of MBC inhibited
the reductive dissolution of Fe minerals, thereby significantly reducing the soil-available Fe and As concentrations (P < 0.05).
This led to the transformation of soil available As to iron-manganese bound and residual fraction As. As a result, the soil
available As was stabilized under a lower range of concentrations. [ Conclusion] Generally, the addition of MBC to
waterlogged paddy soil can inhibit the release of iAs from the solid phase and promote the transformation of mobile iAs into
more stable forms in the soil, resulting in a significant reduction in arsenic mobility and toxicity in waterlogged paddy soil.
Key words: Mn-modified biochar; Mn-oxides; As(IL)); Speciation; Biochar-soil mix treatments; Biochar-soil separation

treatments
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Table 1 Basic properties of unmodified biochar (BC) and Mn-modified biochar (MBC)

W B Ee A FUBR R AP PR R MR Mk
Adsorbent pH Seer Vit DOC Total As Total Mn Total Fe
[ (m*g®H ] (emigh) / (mg-g™) / (mg-g™) / (mg-g™) / (mg-g™)
BC 10.42 +0.03 23.63 0.03 0.34£0.03 0.006 £0.005  0.04 +0.001 0.76 £0.03
MBC 6.87 +£0.01 272.90 0.21 0.38 £0.02 0.013+£0.005 127.40+254 0.74+0.15
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biochar-free control, SBC is the treatment with unmodified biochar added, and SMBC is the treatment with Mn-modified biochar added;

under the biochar-soil separation treatments, CK2 is the control outside the biochar-free nylon bags, S-BC is the treatment outside the nylon

bags with unmodified biochar added, S-MBC is the treatment outside the nylon bags with Mn-modified biochar added, CK3 is the control

inside the biochar-free nylon bags, BC is the treatment inside the nylon bags with unmodified biochar added, MBC is the treatment inside the

nylon bags with Mn-modified biochar added. The same as below.

B 1 iR () MRIREE (b RZEE (al. ZR-HIRAAE; a2, ®R-T4 5408 bl FLERACREERE;

b2. FERE; b3. FERLE)

Fig.1 Illustration of the soil culture experimental treatments (a) and devices (b) (al. Biochar-soil mix treatments, a2. Biochar-soil separation
treatments, b1. The porewater sampler, b2. Fixture, and b3. Isolation device)
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differences between different treatments at the same time(P < 0.05). The same as below.
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Fig. 2 Changes in total As (As(T)) concentration (al-c1) and As(II)) concentration (a2-c2) in soil solution, and total As content in biochar (d)

(al-a2. Biochar-soil mix treatments. b1-d. Biochar-soil separation treatments)
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bl WA L B ko b R P WA S L o S L
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VE: F1~F4 43 5N AR R BR T 3R EAS . ATR RS, Ar &b SRR &4 . Note: F1-F4 are the acid extractable, reducible,
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3 R-LIRAAI (al. bl) Fm-LEAR (a2, b2) HFEANEHEE () MEES% (b)

Fig. 3 Available As content in soil (a) and fractionation of arsenic speciation (b) in soils under biochar-soil mix treatments (a1, b1) and

biochar-soil separation treatments (a2, b2)
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pH 5 CKLAHML GBS 22 5%, T SMBC B Wil imy T HoAh AL 38 . LI AS B (R S e AT 45 AL R IE] 75 28 d BF
TR pH ZA{HAE 0.03~0.08 A~ pH HfZ 8], ZEBE#ETRE. fER-To8kiEd, s-BC fil S-
MBC 4b3 4% pH fEAN A3 550 T A s T CK2 (1 4a2) 5 7ERE R4S A BC Al MBC %7 pH
YIHE T CK3, HZRNAEYEREL pH (BC: 10.41; MBC: 6.87) [I5“mi, 7£ 1 dif, BC ¥R pH
KT MBC, {HBEZE ;70 8 #4800, MBC AR AAL Y00 IR P20 pH i% = T BC (18] 4a3) D8,

AR B3V DOC MR Bl 35 55 IR 06 (A I Zh ARG A B 4b s Sfd b, 25 ab 3 -3
DOC i J5 45 B 85 77 I [A) T & PR AR IRt TAa e . - TR AT (K 4b1) , 59 3d Jo kb
DOC ik S AR I H SBC 5 CK1 kb3 g SMBC [ia%h . e+ &4 F, BC Ml MBC i DOC
WA 1 d R ET CK3 (K 4b3) , XM FAEMFRA Y SHEMEAIK (BC: 0.34 mg-gh;
MBC: 0.38 mg-g") , JH7E 1 d BrPREBSEEWH, ik SBC 1 SMBC #£ 1 d i) DOC ¥k fZ th i T
CK1; {HJ54:8537 N, BC fl MBC 7 DOC WKEMK T CK3, Jf HIgERE 4 S-BC F1 S-MBC A3 1]
I DOC KR AR AR T CK2 (] 4b2) , XAl fgsE i T AR 4f DOC B —EMIsEM 11, #E
AT DOC Mg pEY, s@idxf BC 1 MBC L DOC &4 (& 4c) HiFs: TiZM s, (HK 1
B N A TR TR DOC M AR, X BES DOC [/ il 5.

- A Bt oy B AL FR
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Fig. 4 Changes in pH (a) and dissolved organic carbon (DOC) concentration (b) in soil solution and DOC content in biochar (c) (al, bl.
Biochar-soil mix treatments. a2-a3, b2-c. Biochar-soil separation treatments)
2.4 SHEME M BURST EAI R
ANFEAEFE T 3 Mn BEES IR 18] A2 A &) 5 s . d118] bal A%, m-tHiR&EALE T, R MBC
b T REMEREY, B 1d B, SMBC TIBABEE (Mn(T)) WK/¥ (0.04 mg-L™") Zinf¥
CK1 (0.41 mg-L™) 1 SBC (0.33 mg-L™") , £ 3 d i}, CK1. SBC Fl SMBC ¥ Mn(T )ik & 1 itisk
b, I HAERE S EE IR 6] B, SMBC ¥ Mn(T)u BE 84 Mg FE 10K, ¥l Mn(T) IR R AR (R K5
SMBC > CK1 > SBC [#a#. [k, SMBC [{t3A4 %S Mn &8 3% m T HAMAR (P <005 ()
5b1) , HAACHR LA R Mn SRR FRIN A E B2 R, U] Mn 723 b AR (LA AR -
TER-E Ay B A H R 4S4 S-MBC HIIATAE 1 d B Mn(T)iKEE (0.02 mg-L™) iZf& T CK2
(0.52 mg-L'™") 1 S-BC (0.48 mg-L™) , iZg R5R-TIBAAFE 8. 16588550 AH, S-MBC Al
CK2 (L3 Mn(T)IKEREA L R EZE ST (P > 0.05) , {H7E 28 d i, S-MBC 1R Mn(T)HFE &

http://pedologica.issas.ac.cn



+ 3 AR
Acta Pedologica Sinica

ZET CK2 (P<0.05) (K 5a2) . bk, B 5b2 51, fE 7~14 d i, AP ARG Mn SRR
F/NEPLH S-MBC > S-BC > CK2 &, 7£28 dif, S-BC Al S-MBC {34 27 Mn B & [&1%, {2
5 CK2 Mt #E 2R (P > 005 . 2RI, FMEENEN MBC MIEHRAE 1.d I Mn(T)IKE (1.63
mg-L™Y) Bt T CK3 (0.04 mg-L'Y) F1 BC (0.04 mg-L™ , FF7E 3 d WS ERER, HhIN Mn(T)ik A
B (17.74 mg-L™D) , BEJEIZHIRE (K 5a3) , B8 MBC AW Mn B1 (L3 MBC JL[H
RO WAL T Zh A M- FE 9 . (Hi@ikxs BC A1 MBC | Mn [\ & 408 (B 5¢) A%, MBC L1
M & 5 B A5 B FR [ IZET BRI, U0 MBC b3V Mn ¥4 1R kb A A& 58 A PR B 22 AR Pk b

I W AR S o W) e
- Biochar-soil mix treatments - Biochar-soil separation treatments
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Fig. 5 Changes in total Mn (Mn(T)) concentration in soil solution (a), available Mn content in soil (b), and total Mn content in biochar (c) (al,
b1. Biochar-soil mix treatments. a2-a3, b2-c. Biochar-soil separation treatments)

2.5 SREME S PR R X ER RIS

AR BT L35 Fe R FRIT (M AL W] 6 Fras . HH I 6al mIAn, —LiRAAE T, ANFEAEE A+
B (Fe(T)) IR FEREEE IR ] AN B G N &%, Horb SMBC IV Fe(T)W A B I T HoAth
bFE (P <0.05) , HARFFE SMBC < SBC < CK1 [fia%h. HE 6bl tHAEH EE H SMBC H3 34 Fe
SEEFELTHAL (P<0.05) , H SBC M SMBC 34 %A Fe & & i 7] 556 4 J5 1 f#a .

R AEER, BRELE NN BC A MBC AR Fe(T)H %S5 CK3FHELTE 1~3 d LR34 % 7
(P>0.05) , 7f5~14 d i B EMFML (P <0.05) , {H28 d I BC A Fe(T)#E 1 0.03 mg-L™* 2k &=
0.32 mg-L™" (¥ 6a3) . i@idxf BC Al MBC L) Fe #t47 € &4l % (K 6¢) , BC I Fe & 7E 28 d
ifEH 0.96 mg-g™ P& % 0.74 mg-g™, A5 28 d i BC AW Fe(T)IKE FH Rl fit 5 BC - Fe MIRRIICE %
M MBC W) Fe & LRt I AZ @6 0, 7€ 28 d WHAR] T 3.12 mg-g?. FERI484h S-MBC 37
Fe(T)IELE 1 d W EE LT HALHE (P <005 (K 6a2) , X5KR-TIRAMIEGER . NFELHE
IR Fe(T)IRFEBEERT FRIN (A 2538 0, 2 14 d WA RIEE R J5 PR, J+H S-BC fil S-MBC
TIRVE Fe(T)IR R Z(LT CK2 (P < 0.05) . MK 6b2 A4, S-BC Al S-MBC T3EH % Fe 5 &
RGNk, fE 28 d B, S-BC Tk Fe & (293.39 mg-kgh) EEET CK2 (241.09
mg-kg?) 1 S-MBC (259.47 mg-kg™) .
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Fig. 6 Changes in total Fe (Fe(T)) concentration in soil solution (a), available Fe content in soil (b), and total Fe content in biochar (c) (a1, b1.

Biochar-soil mix treatments. a2-a3, b2-c. Biochar-soil separation treatments)

31

BRI B S LIRFA RS G OR-LIRG AT 550 ORI AR 5o A= ) o e Ab BRAH L
RERRAR T LI AS(T) As(II)ASE LK T3 808 As &, JHEE - LIRmh kit & 52 (F 2,
3) o AEWFUR R H R R e T IR TR GAS) RIS (RE « TEE (GAs FIE
ik g B, B A bRl A BES I T LIRS R S B AMA R rh As TR i AL,
SR1M, FER-TIREACFE N, 35 R G051 5 078 A X AU M b 4 e A 5 o R T H IR As 5
T ST AE FIALE] . A T8 I 1 B - 43 B AL EE AT HE— 25 oy b AR R e B 1 RS I -
JFR - A R (B8R, DARAIE R S hLE.

3.1 UM YRR AT TIEIA IR As BRI SESHERNE

fER-T 0B HE T, BRS8N BC M MBC 5 HIR L B, = ZMid 540 FL k474 5 2 B bt
AL ISP iAs. BREISNS MBC BEREFEMAATR As(T)RT As(II)IA 5 78 AN BE 7 TR fR 7R 42
A (B 20) , HIEEEAS AN 3 As(T) AN As(II) 3K B 76 55 9% )5 AR BB (& 2b) , TiiRE =
MM - SFEE 7K 1E) PR e S JEURE LI 1A B MBC A 20W B, IF 45 B M B 1) As(IT) 284k 9 52 W Bt )
As(V)Fl, MBC EFRAMLLLRER . F 5L & AUs e, w2 &/ JuE ML s xt
FIEE BT IAs I, MBC LEREALYI TS As(V)IEBUA HF 2 &4, 3865 Hout 38Rt iAs
(15 PEIR PR I 200, PRI MBC IR K As 5 Bt 25 55 R I T Z i 2 (& 2d)

pH X 4] - 358 iAs B 5 B EVE ], S iAs 76 138 AW BE pH 8 i FRRP. A MBC
SR EIAT pH (B 42D, X5 Ehlert Z5USRF Fr 4k 8, X T REKM PR AIE R 2 S50
THEA pH 0. SR, LIRS pH B T AR S 1 0 - T S e 250 A T A0 e 9] £ R
(21, B M Fe 45 BB MBC & B (R b iAs WIS RK (B 2) , Sl ARG HE S Mol JIFT A i MBC
ALFRfG I pH 5 AS(TIINREZ MR E X R (P > 0.05) (E7) , x5 Kim Mg s -5,
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VLB MBC 5121 pH FFE - A /R MBC #ii1 iAs I rME— R 2, pH 5113 I = K2,
ol e s ) 3458 pH A F T Fe B FIIVTBERIZ &, X% TR MBC FRARRIE A% 1k th 2 ¢ 3 5%,

BT KL, Win MBC I8 23 FRK T R Fe(T)IRFEA LIREAGS Fe . AWK
WAL KIETT AT Fe B 1 BAT R IR A2, it -+ 4 B8 A BRI 2R B 48 MBC 7 28 d I Fe
IR T 3.12 mg-gh (B 60) o AT AT A SR A AR RV I R P R AR A AL ) 2,
{H MBC _ (5 B AL YA REAR 3t 138 b ) As(IT) 1] As( V)HEAE, IR REAL 2k S AL M AE DR AR 41 T 38 SR I
R4 1 Fe(1) 1) FeOOH #4747, 5 BT FeOOH 5 As( V)& AL B ALt /e I, [Fi, MBC REB{E
B3 As(I) 1) As( V) EEAR IR G KB Mn(1D), B R IEMER Mn(ID) T 5 As(V)FE 1 As(V)-Mn(Il)
AR EFRIE MBC st EPOL eah, Mn(IT)7E AR b A RO B T 88 L R i O i, A BT
FE FPE AR S A T (2 3 R o R B 8 1 B B 270, MicCanin 28I 5258 A2 B Min( I WSt B £ 4R 2 1 4
AR EAY), BB TN As FIWRFHL A eI FIESE, AsI)RI S BE M T B4 iR A
Py, EAHE S AR MBC A FE i E 50K Mn(TYIREE S As(T/IIVKE 2 I8 £ 1EARY: (P < 0.05)

(E 7, JEHHEAIRER iAs FELL AsIIDNE (F 2) , ZBHAREB I MBC A ) 37| Mn(T)
WEEAE 3 d BB I vl A 45 T L HUR ARG SR V) s A, 3 B AR R R A
GOl 435 KARTEAE R B AL R B BE DB TR, ML Fe® RIUE MR (B B £ {4 B AL P 36 THI IR
WAL, PEAR AL As(I)HIAE /132 BRG], A Ruh> AsI) ik ERY. MBC B4 BRI
HeR AR 8 FLBR S5, 7EREK I L3R A Bh T R A i Bl dh . (23 As(TD %Ak .

BhAh, K AL FR A HHEE T DOC 5 As(T/IIKE 2 A £ R ko (P <005 (E7), X
BT 7 HA ) DOC &5 iAs 364 [ A BRI BT o5, R 3h i A - S5 A 28 A7 s P AR, 3237
W Fe(L)iRJRANE, (Rt EAIEFIA R, SR E Ca . EMRRA S 56 5 Tk
FIATSEE I A A WL (B 4c) , AR FUR LAY 5B R i DOC B 55 Fe 48 & kAt H i h A
KRR, ST R RN, (Eak B E SR S, W MBC AU 7 AR, i BLAE S
S (5 R 1] EL I DOC WK E ) EE T CK, iXJE T MBC Xt DOC BA7— & MM 11, wl gl
DOC 5 14 W% [ 52 i, 505 Fe il As T ik DOC-Fe-As =t &t

a) %1 & AL FE Biochar-soil mix treatments

0.8
0.6
p\$(‘R$\\\“(s\\ K e™ g\$\‘p\\5\\\“‘\\\ 0K fe™ p\:\(‘p@\“\\‘\\\ p0%aeFe™ | | 04
b) #é— -+ 405 4k FE- 4RI Biochar-soil mix treatments-outside
As(T) b 2 b3) S-) - 0.2
As(llly Rk ) S-MBC
pH i
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Mn(T)| * L Kl
Fe(T) B T L 0.2
N‘-\"Qs\\\“‘\\\ 00%\\\(%\:(“ ;\&(‘R.ﬂ\\\\\v\\ DO%\(\(\)Q(‘ ) ry
¢) Bé- 43 B b FE - 4 {Il] Biochar-soil mix treatments-inside ;
T As(T) N BO As(T) SEaE
As 2 BC A &) MBC - 0.6
pH EF pH EX
DOC [+ | DOC KA -0.8
Mn(T) B Mn(T) * KA
Fe(T) Fe(T) )
p\'s\"gs\\“\s\\ 00(@\(\(‘3\‘.\‘\ N:.(‘R&k\\“‘\\‘\ 00(@\\\'9&“ * p<0.05

e BRI RRASEM SRS, A aRRIEMIE, HOMREXAMIE. Note: The depth of the color represents the
strength of the correlation; red represents a positive correlation, and blue represents a negative correlation.
7 R LIRGREL () DLROR— LA B AREAMU (b) FAAM (o) L3RR Rl 14 03 2 1] A AE D 1
Fig. 7 Correlation analysis diagram between different properties of soil solution in the biochar-soil mix treatments (a) and the biochar-soil

separation treatments outside (b) and inside (c)
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3.2 SEXMEMIRRVET LB As RERSHIERHLE]

M- L IRE AT UG, ERFEEIMKIE TR T, WIS AR MBC Rl (it 3 2GS
As TEARERENTEAN (B 3al) , SEBEREEGHE As § 8. #ilR- st —2 ki
B ASAN EIEE S As S E ERETRAES, £ 28 d FHEE T HR-HRA L SMBC ML HIME
(K 3a2) , ¥l MBC A] ji it W 4 Ak L3I i R i 25 28 As (- RIEH B80S As SR8 K, JHIA
FRGEKF. H—J71H, mR-TIREGAE T EE BRI MBC fg R EnHIEA 84S Mn & (A
5b1) , JERRIRAE A Fe && (B 6bL) , AEITRRAWIRECES As [IMHXTFRE M As TEARAE (B 3bD)
M5 CK2 ML, Rt R HIEA S Mn. Fe B LEEMM (P > 0.05) , H£51E 28 ditE
WA As SREEWM (P <005 , ABMAEIA As HHET CKL, X5 KZHWIFLs R0 -5,
RPN BC vl RS b R rE T3 b iT R, SR ZER N, JEAHIRR AT IS As FAHXTFE 1 As
TEAREAR . WRIER- T BB S0 kI, 5 CK2 MLk, BC 1 MBC 7£ 7 d B3R &3 m T L%
WA (P <0.05) (K 3a2) , XATAERH TAMFR ERRSKSCERD My #1485, 8]
N A R R A SRR pH N (& 4a2) , B T IR s R A B A,
HEWF RN DOC Z MU LB AR T RS As 354 W0 B 25 g ok b, M T3S 9 b I3 e T e %
7, 4R, BEFE IR AZE K, BC A MBC HREE M 4 IRR B A8 4MU 1B 206 As & (55 CK2 1D
(E 3a2) , XA E &R A A BB ECON L (B 5b2, K 6b2) . Hr MBC B RE(EEAMI
TN As. Fe SREMBAK, A Mn &8, MBC #4040 8 i i Ak 16 R it FE R i
H Mn BT BN R S A S Mn SR, IFBEE R IR R T R L (B 52D, T
BERASES As (F2) HELig#ig2 (B 302) , BHAZE Mn 53T As ME ek, o,
MBC 5 37 B4 1 175 00 Tt A BA 5 PRARAMI E 38 208 Fe &, {HAE 28 d I CK2 BEA 14N,
XA RE S BT KR I8 S O R S R 2= R — B RN As(TTD3 83, BRIV AEAR R s As(TTD),
{ELK R 18] FR) B SRR R FLBR /K B st A v A 2 S T R 2 S8 As(LIDRR B, ixh51e T 490 208 Fe
(RN JERET L R- L5y B AL T As R Fe fEAEMIT R LINE & (B 2d, Bl 60) ml%n, sy
HEAR T AR TUR AT Fey As IR, H MBC Xf Fe SRR i m T As. 1R 20 7t 3% B A AL ml s il
Fe(I)A1 As(II) IR AL E As( V)R EH ) Fe(ID) AL b ok tiss As (R, Kk, MBC
WAL E S R Fe et As IR E. (H Fe(1)5 As(II) /=4 554 1 &AL LL A Fe(1). Mn(IDX} MBC K4l
WAEFITT R 2o BEAS As(DIAAL, AR b Mn & RIS T ELAE 7~28 d I £ R E %R
(P>0.05) (El5c) , @Sl MBC LA rT §E i TEifbAE R A RE e 22 5 I R 7
3.3 {EEMEE M BUR (R TR E E BTS2

AT T8 T R - IR AR B AT FE A% E XTI, s MBC I P2 7E - 387 1 398 [ < 11 32 B
o TEVEKZAT T, MBC AlEIE BN -FE Mn. Fe. DOC Z&#i, B0k 0a] 3% 51 e+ I3 1k 2 v
AR M 500 H 3 VRN + B T RS FE 4L, S MBC SR AR AL i i As(II)AN Fe( T4
AR, P41 Fe(I) LA K Mn( D) AT 15 As(V) T R A & 0 s B 6 [T AR B389 s ot 9 iAs o 2 s Lk,
MBC [y& R K& DOC SN2 5 iAs XF -3 bR PR A7 s 72 A s eI B, (RIS 97 R Al R 2>
et DOC-As Ml DOC-Fe-As E &4, 1b4h, MBC H & BA K E KRR 5 LRSS (%
D tHEEfEEt iAs FIMRITE 2, BRI K 2 P E AL B VE T, A BT As(I) 44k .
R, SRR L. B PE SR R T SUE AR R B R A R, (B IN MBC BB A P 1 3E
R, PR EIRE S Fe R, EMMHHENE Mn S&, drimiedtE AT As (14~ ARE e AL,

FEpeRt E A RS As D RE AR JRAS . PSR SS As 648, AT B 33 (1 R e AN
ERRE
4% i
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WS gk B 3R 0, i R - IR A R4 B Ab FE N A T R O AR B R (MBC)
F‘?WH—*a%éﬁﬂiﬂﬁﬁaiﬂﬁu%%m@ no SERRPL, SRR RS A TR L, MBC R EHETRAL
e, MR IR T1AS [RE ). MBC B A B R A 2 (R BE IV As(IIT 28y As(V), FEREFRIN
[ 4 A YEFHRIREE As(111) (0.02~0.88 mg-L™) . [AlINf, MBC i HEEm R M) Mn B 15 S &
As(V)TERITIE, 123k iAs EE A IR, ok, MBC _E Fe & & FEIHAIRW 60, 58 MBC % Fe Bt
RO B AFHISER S, R MBC R4S 1038 IR 32 5 - 58 pH HEmi ek Fe 25775 [ AH B Il
NI — 235 1 8 [ AF G IAS TR PR . MBC F 8 10 S S A 4 3 e 0 1) [ KR ™ 43 S s e, i idl - 45
ARES Fe fil As HrREZEEIK (P <005 o [Fitk, 1 MBC et HIEA R As 1A H AR08 B LSS
BARMBRER As HAr, FHAGHinh S o 2 E A, 3 S As S ERR e RRATEE Y .
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