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Effects of instability of ferrihydrite on arsenic chemical behavior in soil under different water regimes

ZHANG Tuo'?, ZENG Xi-bai*, SU Shi-ming’, WANG Ya-nan’, BAI Ling-yu®

(1.College of Environmental Science & Engineering, China West Normal University, Nanchong, 637009, China; 2.Institute of Environment
and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences/Key Laboratory of Agro—Environment, Ministry of
Agriculture and Rural Affairs, Beijing 100081, China)

Abstract: In order to utilize ferrihydrite as an efficient and stable amendment of arsenic (As) —contaminated farmland, three typical red
soils were sampled in three towns in Shimen Region, Hunan Province, and were used for the indoor soil incubation experiment. Sequential
extraction and Diffusive gradients in the thin—films technique (DGT) were employed in this research to study the effect of soil moisture on
the stability of ferrihydrite in soils. The results determined the transformation rate of ferrihydrite (0.1% W/W) in three soils(one uncontami-

nated soil and two contaminated soils) using three soil water management regimes[ 100% SWHC (Soil water holding capacity ), DWC (Dry/
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wet cycle) and 309% SWHC]. Ferrihydrite transformed the fastest at 100% SWHC (16.50%~22.78% in the three soils) while the maximum
transformation at 30% SWHC and DWC was only 8.77% and 10.96%, respectively. The concentration of DGT labile As was significantly

decreased with all the treatments of the two contaminated soils, especially at 100% SWHC, where the concentration of labile As was re-

duced 42.08% and 60.75% in mid and high As concentration soils, respectively. Using the 100% SWHC and DWC regimes, the concentra-

tion of labile As increased as a result of ferrihydrite transformation/dissolution. After ferrihydrite addition, the content of arsenic in Fraction
1(F1-As) and Fraction 2(F2-As) both increased under 100% SWHC and DWC, while no transformation of As fractionation was observed
in 30% SWHC. The study indicates that ferrihydrite is instable at 100% SWHC and DWC water regimes and As has the potential to be rere-

leased to the environment during the remediation period. It is important to regulate soil moisture at a proper level to ensure ferrihydrite sta-

bility.

Keywords : ferrihydrite; arsenic; dry—wet cycle; transformation/dissolution
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Eh V8 50 5 7~ 2H i | 3 B R o - g B AR
S5 ) B 52 ) 17T ) SN AR B 90" W CAnEH Bk R AR
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ORI 2N (UBE R SUR S/ Spii s Ul 1) S 7R I S VAEk €3
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73— J2 TR AT b =B A 1 M rp DA R 28 B A A 7
ZIRTALGERIAL 32 B0L , H AT T K ERA (e L3
R P ) AR A R X RS2 WAL A B W SEATS SR, 5
B A HEIK 3 S 14 2 S R AR i Al 8O 14 B2 i 3k
PR EEAHGE . R, A Gl 4545 2 23R UL Ik
JEEBR BE 5 HCEOR (DGT) AR AR FEA R K 2048 BT
KBRA e S R RS E R S A i A TP R AR - Bk A S
Jr RSN, I B F1 2750 B S MEUK B a8 i
Fifi i b e PP AT AR LA, S LEAS [R)K A B UR &
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1 #MHEFE

1.1 {15

AHFFE =R R AR AW AT B, R g
S BURILTHERE R R R TR RS 28 213 4 A 2T
B T AR R R R R 1
15 g KU A i (017) ) (GB - 15618—2018) 4% —
TR A T Ve B DX BRI 114 — A ) e 3 1)
FH ¢ 2 3843 hy e e B XURS: (High risk , HR) |\ H R
AU (Medium risk , MR ) 1 JC XU + 338 (No risk, NR) .
TR AR BALYE RO R 1, SRR LT AR
TR AR A, KBk 3 b B R A Al Py 5% (A Fn 70
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Table 1 Physical and chemical properties of soils

L34S Soil ID

TJEIRUKG: -3 No risk soil ,NR

A XU 1 3% Medium risk soil, MR 1 AU 1 38 High risk soil,HR

BB e U 214
- et
AR AL %% 2~0.2 mm 34.96
0.2~0.02 mm 23.79
0.02~0.002 mm 30.20
<0.002 mm 11.05
pH 4.00
BT kg 5.60
CEC/cmol -kg™! 14.40
F8E mg - kg 19.80
Bklg kg 36.18
5 /mg - kg™ 78.32
RS /mg - kg 1.35
S /mg - kg™ 26.03

SN LI ATRELLE
FiEL et
3.56 33.09
1.05 15.30
59.39 38.21
36.00 13.40
5.22 4.96
22.93 46.70
13.10 8.67
85.20 44.40
32.62 27.09
14.32 18.56
3.11 6.32
143.67 499.03

1.2 #k#t Rl

AHIGEFT KR SR FH N A 1 =03k A5,
BHARS BT  FeCls - 6H,0 R THEZK b B 5
] FeCLIE R TP 1 mol - L™ KOH ¥ I HiH 5 pH
2 7~8, 5 B AR G S AR D) FeCl F1 KOH
W e IR A 35T , ROW A TR 24 30~40 min Ji5 B
AT ARAF LA (/KR B AR O . B 5 K K Bk
MR 5% 247 T 50 mL 04,3500 reminT F7 HUN B
0> 10 min, FEFS BB FIEW, A ZEK LBV IHR
PR ERAT B R PR ek b s FHAE SR IR %5 45 DL 120 e min™!
PR35 30 min, 2.0 10 min, W & =R 4Kk~
WA . BT = A B AR iR S B M A TR i A
7~10 d B B H P HRE S 10 pS-em™ o, BEEA T3
BTG KR e A 15 81 JEAR U ok (R AE T TR AR
.
1.3 gt

A A P AN R I K AR 1 38 R 0.1%
(m/m) , I-[FIBI RS = HEE . A = FOREIK 5
FAF T BE 5% - K522 30% $5e K H ] 15 7K i (Soil water
holding capacity, SWHC) $5#£% 100%SWHC #1112 58
B IR (Dry/wet cycle, DWC) o T 3 32 % 1 ¥ 7€
30%SWHC F1 100%SWHC 2 [8] #4792 58 F: 1 8 ik
5, HARAL PR RBR AN T - BRLAER A R 11 d(2 d %
il 4 100%SWHC, 7 d #2125 30%SWHC, 2 d HTE%E
TRZAF R M 1009%SWHC 3 309%SWHC [ 2K it T (1) i}
6] 55 —HF 4SS TE 100%SWHC &1 F 5382 d,
SR G BT 2 30%SWHC, F- 15 30%SWHC K5 5% 7 d (5

11d), S8R — R TIRsC 8 . ARG AR PSR B 7k
J7K 2 1009%SWHC AU A 755 40 FIEs =58 TR AL
B R R, A R T A TR A B
P, 1E2.11.13.22.24 .33 dBGH4> T3 MBL-DGT
(Chelex—TiO, 1 4 W B A1 DGT, FH F ] ik 23 A 0 5
T 4k ) ) 5 - 398 P M S e AN e e B e Ak o TR
FESS 11,2233 d HUHS 4 - 54 5 43 B 38855 W Ak
PRSI R B AR . FEE 2 d RIS 33 d AR BT AN
NI 7 v 1 FE Ak KoK B s e 3
AL S AR i B . - 3EAE 54 30%SWHC
1009%SWHC 7K 73 45 14 K % Bsf 1] J) 103 B RO B ] 5
DWC AHIF]
1.4 MEmB K&
141 TEHESEP ARrmE Kota

DGT 7 - 48 b iyl & 5 s B AT 3 5 2 IR
Wang 252, FREUEE 323 F2 vp 3 AR 0 60 g, Bl 5 N
7K % 80%~100% H [B) fie RKAF7K it o ¥ 5] Pl 1 18
BRI, B CE 1 d i oK. 7R CE DGT
I B0 1 Je 33 50 4 i =y B = AR /I
R SR LA, SR 5 1T DCT it & iR . DGT &
I TF AT 12 h ¥ DGT & M 4 CrkFE B B
S VR S 2 sh e DGT 7 1, 57 DCT 3 8 &1
TR T (JEME) 35 bR bk — SeptR i) 3%
F¥ DOT 2 5 e e By R 1 HE (29 1 em ) , B 11
DGT 4 & 5 -z a4 fih R 47 . 7 Blcs& DGT Jit
F - 43 e g ] A R i P 3 A R IR (AR R A T
SRR AR L AE£2 CLAN .



20202 B

5L S AN EK Y T OKBRET TE L R PR A X AL B 1 R 285

DGT HH At F1 2K 19 Wk M 20 3R R H 35 05 1: 2 I
Zhang %7, A HEHHUE DGT J5 , FEE 47K 3 e H:
7 PR e 58 BEJR FTOT DOT 3 B, /NG U
e B IRJICJZ WM BERSZ , SE ] T mL 1 mol - L™ fil§ RV
VRN 24 b, FHFUEIE Chelex W B A8k . Fifi 5 R 56
JEE PR ALK S S 15, T 1 mL 1 mol - L™ U EAL BN TR
VEIE 24 b, JH T UEIBE TiO W B BT . R P ZH R I v 12
IS A IR S RIS, S 5 S
F K 5 % 4% (Inductively coupled plasma —mass spec-
trometry , ICP—MS ) 73 H i X 15 I 98 HH A RTAZR PR e

JGERAE DCT W FRAH BB SR A Tkt (m, pg) TG PE
SUE (Coor, wg - LOFRIRAX (D FI(2) HEATITHE

_ Ce(Via + Viia)

1
I; (1)

_ mhg
DGT — DtA (2)

K CERVEBR P E B RE , g L7 VR
W A S AR, m L Vi 28 AR F AR AR, 3 5 1
mL; £V s Ag T HOH IR B, em; D 2 H R
JCER MY BUR S, em® 5751 4 DGT MY HCE I A] 554 4
DGT % TR, em?,
1.4.2 KB WIE AL DL G AL R v 45 45 25 il
BRI

IR 25 AR A KA [R5 ) 5 )
T8 R FH W 25 3 SR O e A TR bRk 2
iR
1.4.3 -3 b2 A Bl RN - 392 9 P B 0 52

J T IR Ko 24 R KRBT I8 I 5 A R b
i (B AR Al 2l B A B (1) 3B S B ) SRR AR 2
4 DGT I - 3835 P A (Cor) T S8R AR (1458
TR, Cun) F0 4 3 [ AH 25 4 255 (NaHCO, 2 LS
it C.) AR AH K00 {54 438 R (L C 11 AH 1) YRR 79 7
KB RE ST, R=Crer/ Cu, OKR<1) FIVRH 7 - 35 [ ¢ 99 AH
7] 1 43 1 22 2 Ku(K=Col Coy e+ g7, HAR T8 45 51
L3R 6. NaHCO; X 55455 A 2 U 12: 2 B Wang
AR FRICT g £, A 25 mL 0.5 mol - L™ NaHCOs Ji7

P2 h, B0, FEE BT E RN A
Bt 2 B8 Wang 25121 B DGT I %2 J7 i) 338288 A %50
b LB AL 5000 remin” 2544 BS540 10 min, B S
oy W, R UE S AR . R R R A R Y
(1CP—MS ) Xef P27 31 RS A 1 - 498 75 98 v ) A 7 3
E o
1.4.4 T3S MR E

e Fe (T ) SR AR E 27 Bk bb 270 5
B IR T A 20 g (B BT 5L ) I B0, 43 B8 208 W
FF4L 0.45 pm FLARVEBS FEI . 4350 0.0.1.0.2,
0.4.0.6.0.8.1 mL Fe( Il )FrfEN 45 ¥ (100 pg- L") F
10 mL 5P, B S I A 0.2 mL 38 R EE 1A T L 1
L it R — s PR 20 1 TR LA R 0.1 mL AR HE % ki 38 3F
KERZZNEL, L 13 2 EME N 0.1.2.4,
6.8.10 wg L™ JHCE 15 min B, 1 em HL@A I, LA
AW S, W SR RO R . e
V) ) S 2 BE R VS VT 0 T o 4 AR
TR W' B 2k B s R (WO B A - A s Uk
Crecny) BT Z T B RAFRE A Fe (1D VR
1.5 #iEaE

R8T A5 BHE 15 5R F Excel 2007 #E47 Ab 38 43
Bt RIS SPSS 21.0 51 7 AH GBI i Ge T Hr o

W72 4 A AR AE DGT 9 H0SE AL J2 H 19 K
Z Ok H Zhang 2521 Luo 25200 52 8% 2 K A8 560 %5
s, PR B T SR AN SR B o AR v AL AR AR, SR
TR AR R R T ECR G TR

2 HRESH

2.1 SMNBEKRST HEUEABSEUMESSHL
T

IR I 25 A YA AL R N R 3 BT .
MR 3 AT, KR E = Fh +HE 100%SWHC AIDWC 5%
HTFERHENdNRE —EREREL, HE
30%SWHC 4T AUFE 48 NR P kA R4, T AE -4
MR fil HR K 88 7 11 d W R & Atk .

R2 TEPAEH$EUYESTHMIARERSHRELIN I RRERS R

Table 2 Two—step sequential extraction of varied fractionation As and crystalline iron oxide

PRI B Extracted procedures IR Extractants

PRIUEA: Extracted condition

[& % EE Solid/liquid ratio IHVE Washing

1(F1-As) R ME R (0.2 mol - L7,
pH 3.25
2(F2-As) TR AW (0.2 mol - L)+t

PRIMAERZ (0.1 mol-17"), pH 3.25

20 CRIEIRY 4 h 1:25 819 1 1:12.5 06
PR 10 min

(96+3) C/K¥ 30 min 1:25 [ Lt 1:12.5 5%
PR 10 min

T ARIBUPBR AP A — 2 39 25 AR R A AL 45 G AR, 100 F1-As s 25 0 WA A B AL A A 75, 00 F2-As.

Note: First extraction step is the poor crystalline phase iron oxide bounded As, recorded as F1-As; the second extraction step is well crystalline iron

oxide bounded As, recorded as F2—-As.
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100%SWHC 1 155 7K 43 2 8 & 35 5% 33 d i), 43 i A1
22.78%.20.76% F1 16.50% /K 5 1E +. 3% MR . NR #l
HR K AHEHeAl, B2 5 T HAER I DWC 1 309%SWHC
AR B R . PERES K 1EE1L , =Rk o 4%
1 A 25 A EA A A B (HAH EE T 100%SWHC,
30%SWHC I DWC 254 T 45 i A A AL A —Fh 145
R A R AR, 7 11 d B LF TG A7 33 d B
A/ a B2 AR AT LIE

KRB U N 33 d )&, 5945 A AL Y 45 A S
(F1-As) FIZE fh A ER B 45 6 800 (F2—-As) 7E Pl
fifys g e rh A R B e B (R 4) . H e
100%SWHC 418 F i F1-As e S b iy b & 8 5 T
DWC F130%SWHC 2514 F o KR ¥WIN 33 dJ5 , 76
30%SWHC £5 14 F 15 35 F2-As JE 25 h 1y i 5 90 R
K, {H P 4 E7E 100%SWHC F1 DWC 45 1 15 5%
T, F2-As &5 A0 & w3y o, Hop 7
100%SWHC 4145 F B F2-As J& 25 i (i 88 fin ok T
DWC K4 25640 F B3 it o ELXT Eb 9 b 4 458 MR 1
HR AL AE =FK 500 T, L HR P F1-AsTES
BT 2 T 4 MR(P<0.05) o 73 AMER RIS [ 7K
A EAET  WIRR 18R] F2-As TR A A0 1 5700 55 25 1k
2Z5(P>0.05).
2.2 KERFHRME LIERFEEAKANT L

HMEAKARAT TSN 5, 3 v T e AR ok AR b
PP FRANEL TR o AH H TR ES K BT ) A B T
DRI FEAE =R - HERRIK > 5508 T BETF R By
BRI e S (R AR A B R 2 5
e 3 NR A, KR TE 100%SWHC 2514855 55 14 72
oS A ERTE 33 d NI IR A9 102.23 g L FFEL T

£ 242.12 pg- L', {HAE 30%SWHC 251 T 3% 1 45 4%
(v B ANAE 13 d A2 A BRI (158.48 g - L) J5 {8
EHUH B TS FEDWC &M T MR H
TG PR A G e P AR Ak el R Bt K 2 AR A R B — 22 58
B EHAPEAR AL . AE 30%SWHC 44 N 1535 , 1E /K 8k ™
TIAHIIA |, 36 2 A5 kv B2 AR 1k 5 1009%SWHC FI DWC
Sl — AR LRI B PR ) T S B S 7E 25 d
A7 5 30%SWHC —FE I 1 25 4 R B HE WY 4 A9 e 2
TREEAEE33 AL R, = RKD SR T TESE
B e BE =5 AR I S 100%SWHC>DWC>30%SWHC.,
£+ 3E MR F1 4 3 HR (1) = Fh /K 5340 B, 309%SWHC
MDWC M N R 5 45 NR AL a3
A% 5 5 NR KA B 27 100%SWHC 4514 B
IR HE SRS = JE A T Uf IR 76 2 2 A 1 k4 T s e R
F4 REAKSEEERTRET FMIBIERLERS
SEME AT (F1-As) MERAKENY
AT (F2-As) B ANE (mg-kg ™)

Table 4 Increment of poor crystalline iron oxide phase combined

As(F1-As) and well crystalline iron oxide phase combined As

(F2-As) after ferrihydrite addition 33 d at varied water

management modes(mg-kg™)

34 S Soil ID H3FE/K 5> Soil moisture  F1-As F2-As
MR 30%SWHC 1.030.018b ND
HR 1.25+0.024a ND
MR 100%SWHC 2.08+0.031b  0.29+0.012a
HR 2.39+0.046a  0.32+0.021a
MR DWC 1.69+0.039b  0.11+0.005a
HR 1.99+0.078a  0.14:0.009a

AN RVING SRR RS [ A 3 ) 22 57 1835 (P<0.05) o R TAl.
Note: Different lowercase letters indicate significant differences
between treatments(P<0.05). The same below.

R3 AERKSEBERATKRKT RN B IEEERTHREUNNELENERTSHREUDNERE (%)

Table 3 Transformation of poor crystalline iron oxide phase to well crystalline iron oxide phase after ferrihyrite addition 11 d and 33 d at

varied water management modes (% )

LHERE LKA IKERT 4K 5 Amount of transformed ferrihydrite 24 AL AR A B Amount of formed crystalline phase
Soil ID Soil moisture 11d 33 d 11d 33d
NR 30%SWHC 4.39 8.77 2.98 5.32
MR ND 5.55 ND 3.02
HR ND 4.92 ND 2.96
NR 100%SWHC 6.83 20.76 3.08 12.76
MR 5.71 2278 2.82 9.47
HR 4.67 16.50 2.59 10.07
NR DWC 5.21 10.96 2.92 7.08
MR 230 7.38 ND 3.86
HR 2.28 6.59 ND 3.62

HNDFREAR . T

Note: ND-Not detect. The same below.
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W R AERRLE E .
2.3 KEF FMG L ERFESH LIRS HF
TERBPMOTL
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75 33 d i, A E T 22 d Hovk B SR B B i T
PR S K TR 0 ) 235 TR 55 T e A e g e B A AR
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24 TEEhFIFe( I )iREREZL

+- 4 Eh (A Fe ( IT) e S8 il iof 1] 25 £ il 2% 4n 151 3
Fin o BHE=FORTE K 2500 N SR B Eh R
H =R AN AR a3 . 7E30%SWHC 544 T,
= Fh 3 Eh (B 7E 33 d N 4EFE7E 450~480 mV A2
H/NIEE . 7E 100%SWHC 444, = Fh 1458 Eh {1
FE0~33 d PRI B B A R RERa H, B 450 mV A2
HFEZ 160~180 mV, fEDWC &, =Fh 138 Eh

L V0] it 5 T 34 5 2 A A bt 52 B B S P S B R R
Fe- B =T - B XA B bl i —H
PREFRIEE = H53F B 45

T Fe D) Wk B2 A A8 AR F2 QN IB1 3 T
MBI AT, 7E =R A3 b UF TE 100%SWHC 251
™ Fe (1) ¥k B8 B B B 09 & JH#a 3, 1 7
30%SWHC F1 DWC 258 F , Fe ( 11 ) ¥ B JL-T- Jo ikl
o WTE 13 NR 100%SWHC £ T, Fe( 11 ) e i 7E
33 d RGE A O ETF = 4.65 mg- L', i 7 30%SWHC
FDWC 24 FIICEM H Fe( WAL, 78 PP
iy g I rh L SR B 2R B FA . 7 LI MR
FIEHR H, Fe( TN EEFE 33 d NN 0 BT
6.56 mg- L' #14.89 mg- L', Mi7E 30%SWHC I DWC 7K
O3 AR Fe (D) Ve FEAALAERFRARMR 2, Tl g I
Tt
2.5 KRG FHRMEX TR 3 F R0

NFE T LA, PRS- e MR K BRI
T 300 RAA Fe AR S K 2667 i 1 0 B T+ 75 L (H B
FKEH e LR AL, SRR IR 54T R1E
WRIH AR A LR, 16 30%SWHC 44T , b
HRG HALB T AT, RIEMINA RIS 11 d TP iR
HE3B AR, REFZS AW GEE, HE
100%SWHC F1 DWC 45144, PiFP 1 58 R {5 1E K kA

®5 ARKSEBEXT LERRMASKS 11.22.33 dFLERABHHAZN (mg-kg™)

Table 5 Variation of water extractable As at varied water management modes after ferrihydrite addition 11,22 d and 33 d(mg-kg™)

FHEERE HHUKS ESIIVS /8 WhnkigE 11 d R 22 d HnEFR33 d
Soil ID Soil moisture  No ferrihydrite addition Incubation 11 d after addition  Incubation 22 d after addition  Incubation 33 d after addition
MR 30%SWHC 57.42+3.34b 32.74+2.34b 28.33+2.67b 24.23+1.78b
HR 130.35+591a 50.05+2.22a 45.76+3.45a 38.13+3.56a
MR 100%SWHC 57.42+3.34b 11.51+1.23b 11.29+1.19b 17.08+1.84b
HR 130.35+5.91a 21.13+2.11a 16.00+1.46a 24.57+1.65a
MR DWC 57.42+3.34b 19.08+2.42h 16.96+1.09b 21.13+1.83b
HR 130.35+5.91a 27.33+2.31a 21.92+1.11a 24.00+0.92a

Fo6 AEKSEEEXT LERRMAKSKT 11,22 .33 d FHFRBEMAZL (mg-kg™)

Table 6 Variation of chemical extractable As at varied water management modes after ferrihydrite addition 11,22 d and 33 d(mg-kg™)

RS £ LKy AU A AR 10d wnHiFR22d AR 33 d
Soil ID Soil moisture ~ No ferrihydrite addition  Incubation 11 d after addition  Incubation 22 d after addition Incubation 33 d after addition
MR 30%SWHC 6.27+0.11b 5.39+0.32b 5.13+0.16b 4.48+0.24h
HR 12.01+0.35a 9.73+0.42a 9.66+0.27a 9.05+0.33a
MR 100%SWHC 6.27+0.11b 2.58+0.12b 2.27+0.09h 3.14+0.10b
HR 12.01+0.35a 5.98+0.23a 4.12+0.12a 5.15+0.16a
MR DWC 6.27+0.11b 3.95+0.17b 3.82+0.16b 4.12+0.21b
HR 12.01+0.35a 7.21+0.29a 5.48+0.25a 5.44+0.35a
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Figure 3 Variation of Fe( Il ) concentration in soil solution and Eh in three soils at varied SWHCs after ferrihydrite addition

RT AEKSEBREXTIMNEKRKYT RMEMELEFNIRHNFESH

Table 7 Kinetic parameters of As under varied water management modes in soils before/after ferrihydrite

" . FHERE
TGS RS : —— S— ——
Soil ID Soil moisture ARAIAK A AmREFE 11 d A ImigE22.d AR 33 d
No ferrihydrite addition Incubation 11 d after addition Incubation 22 d after addition Incubation 33 d after addition
MR 30%SWHC 0.2 0.23 0.24 0.26
HR 0.11 0.19 0.21 0.23
MR 100%SWHC 0.2 0.35 0.31 0.25
HR 0.11 0.32 0.27 0.23
MR DWC 0.2 0.26 0.25 0.23
HR 0.11 0.24 0.26 0.23
T - L HEKfE
s L KUK e BB 11 d 22 d W33 d
No ferrihydrite addition Incubation 11 d after addition Incubation 22 d after addition Incubation 33 d after addition
MR 30%SWHC 110.45 164.77 181.21 184.80
HR 92.62 194.33 211.00 237.27
MR 100%SWHC 110.45 223.67 201.12 183.63
HR 92.62 282.96 257.70 209.61
MR DWC 110.45 207.11 225.17 206.01
HR 92.32 263.96 250.18 226.60

WIEY 11 dJ5 B The  HEEEE TG L BN B T A AL B Y KB R T (BAE A [RK 2 26
e WIRP L IEAEA R KA T KAEE—E R PFF, Rk 3 KSR e 2257 . 7E 30%SWHC
RIS RIEAACAXS N A SRR S FAET  KABAE 33 d N B W T BB . e
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