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Advances in Synergistic Passivation Remediation of Arsenic and Cadmium in Farmland Soil
PENG Yu, WANG Haijuan, WANG Hongbin"

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology | Yunnan Key Lab of Soil
Carbon Sequestration and Pollution Control, Kunming 650500, China)

Abstract: Due to the different chemical behaviors of arsenic (As) and cadmium (Cd), it is more difficult to use chemical
methods to achieve the synergistic passivation of the two elements in farmland soil. This review summarizes the remediation
materials and their efficiencies during the synergistic passivation of As and Cd in recent years. Combined passivators and modified
passivators are widely applied, and the combined passivators, although their application is slightly complex, have a better
passivative efficiency compared with the single one due to their simple preparation process. In the case of the nature of the
passivative agents, the modified passivative agents have a good passivative effect with low concentration of application, but their
preparation process is more complicated than that of the unmodified passivative agents, which restricts their wide use. Therefore,
it is a breakthrough to simplify the preparation process of modified passivative agents for the synergistic passivation remediation
of As and Cd in farmland soil. Additionally, the mechanisms regarding the synergistic passivation of As and Cd are summarized in
terms of adsorption, chemical precipitation, complexation and chelation. Moreover, a case study related to synergistic passivation
remediation of As and Cd in soil is introduced. Finally, five scientific questions concerning the synergistic passivation remediation of
As and Cd in farmland soil are proposed, including the effectiveness, persistence, safety, universality and economy of passivative
agents. The future prospects are also addressed, including the promotion of universality in application of passivative materials,
their application amount, persistence and ecological risk to soil ecosystem, as well as the remediation pattern, standardization and
regulation during the application of passivative material.

Key words: Arsenic(As); Cadmium (Cd); Passivation remediation; Contaminated soil; Synergistic effect
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AR ) B, B E B SR SRR N 19.4%,
A (As) FHR (Cd) 1Y s 7 AR 253 0 2.7% Fi
7%, A o - g A As I Cd, B2t
EWBE ML B AN, 5 H AR KAE 5
AR As il Cd, AP A ZIER As Fl Cd A
B B RTINS B2 ik As A Cd 25 5 A
TR RO | 1 L AR I 0 O S 22 g
ﬁ[g_“]o

T & Jm B R BRI | mReR
HaEHFRmEBG e HEEE AR B, KE4
Ji [ A 4 v 2 e AR 4 S A ) mT R FH  B A AR
Tz —. SR FEE T, H AR A
R As Fll Cd [EEM—NEZEFZE, Cd 5 TERR
SRR E , O AT E Cd®t e T RAAR IR E CdS
MR, MR AT As™ HHRIEH As™,
SH As BAEY TR RS U B et Y
FW, 5% FHHM 5% Ca(OH), A FHm T E K
Mo A As i, R DASE R pH Ay kAk AR i
S As BITEAL, XA AT RIS As,
Cd R AE AR N 2 . A SCEZF ST L
Mok As. Cd PhRIEEAIEEZ AT RSB RIECR | Blifk
BLEE | FH [RIE 5 22001 B 0 5 3ol At o v R A T 2 )
RIS T A TERA , IR AR A J5 1 & SRS T
JEEE, DI et is e £ 3R ) As. Cd DAl i&
EWR RS

1 W, SEihEHEUEEMHERB TR

1.1 BAREEMARXSEHHELFTIRIR

Fertn 7y AR E, AR As. Cd BRI R
R A B — AR RN S S Bl AR B — B Ak BE R
HT As. Cd E/T5 B E T, HEEMH As. Cd
PR EG AL B S — BB AR D . — e, PR
BRI Cd. As BRIEEL IR AR B, HdA
Gh. T RIS K B - AEH] Cd #EAK
R TT & R AR TR A TP As S AN EER
e AbniE, fEdk cd M As #EAKRERY AR ]
3 o AH R AR T 1R 75 Z R M IR i A e ik
FIHOW RO B E H A H A — A0 (Cd 5L As)FF
SRR, AN, NS AT N gl
AR RCR IR 1 PR .

ERC PRI, B AL B RE i
BRSO SCCHRH 7 L 58.82% F1 69.27%,
X2 HETE )12 0 As . Cd BliARIE 52 kR
AR E2ET As A Cd 7E E AR 1k
FIE, R AT LAE AN, He— 2 Lol it i 5]
As. Cd PREIEEALIY B B JHom 0 56 b 2k i A AL
BRI E AT, AMEfE 204 T2, i
A TARIMESR RSB RAE RN 2 W&
& WMROTE S, DMEEEAR IS . LR R
HEALATEXT As. Cd HhRIEELIRCERINZ 1 iR,

F1 B-NEESHLFXLIE As. CdrEHELEENHR
Table 1 Effects of single and combined passivative agents on synergistic passivation remediation of As and Cd in soils
R 1% pH Ak AL L pH e Hdls
2 —HliL 3] 6.72 B AIR . BRI A/ AN 20% BZEA e WAL Cd F As AR [16]
(#AIA%)  8.80. 7.45. 8.79. 7.38 Bohk, FEIEAT 53515k 48.8% H135.0%
7.20 KA . RERAE YIS, KT EI AT LA AL Cd PR 76%, THAER — [17]
(HHAE) 9.7, 107 HEEMF T A ST As PTG AL
Ak AL 6.53 (BRFR4S—= 44k —80)/6.31 e BAEFRMC 1 Cd. Pb A1 As FAEWIA LA, FRIE  [19]
(FAIRI) SRR 75.0%. 75.5% F146.8%
4.72 EMRAEM TR IR A Z G B Cd 1 As A ik 4 BIREAT 93% FI1 61% [20]
(HHE)  Mokls.4
7.10 AU+ R 42K /8.10 +3%5 60 d J5, HEHEPAERL As. Pb, Cd HRMEIE [21]
(FEFR ) 25.36%. 13.81%. 37.36%
6.35 A W) T B+ A R+ TE B /8.08+ RN Cd SRBEL 71%, AR As SREK 22
(MRS 12.5+6.36 59.73%

1.2 RYUMSEIROELTIRLR

ARG L5 75, ST SR 23 R AN P A5
ANBCPEBE AR R S o ANBIPEBEAL R SR B A4 R R
HERIPERT, X As. Cd #ATHILIERE . BT As,
Cd BIRA R B4, A ERIEA RIS As, Cd
PR BA A 2 HORAB AT A —RE BRI o 1 a7 2 Al

PR R HARIE R —o0 K, AReFIEifk As #1
Cd. Wang Z5 5T K BURS &A= 4 T st Cd> o 11 5
RCR B T IA 55.49%, 5 Cd* A, A [EE
PRCRIET 1%, HBfEELR R s, B bR
AN s AR EREICE AR W X As 14 [ 2 A Ak mT
ik 64.46%, X Cd WLEEPRFFLE 51.91%, JLFA
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AR Bl TR 32 R R R B AR R i 4 /4
& AT, e RE AT B AR A B Y R B
PESFHOR, DI P o, e o 4 J Bl
AE Bk pH ZZrhEES) o XU EAS R E 2R A P
BHERBELE Y BUR) - 36 L0 W) (R A R |
FRECE) | 4 Jm SRR (RRECPE AR TR . HAT, B
PEB AR AN 5 BR T 368 5 e ] A2 4 A ] v v 2
YRR As Il Cd e LS RA RN, BETTHE R
ABEAEFELNS As Fl Cd BRI ERE ST, ST S AT T

I A AR Y B RE T, DT T B A Y
As Il Cd. Wan Z5PVE B0, BReboi: A Wy I B4 17 FH g
i3 As. Cd Al Pb (RS H 5 TR 28%.,
25%F1 32%. AR BRI B A SCkE m HSCR R
SE, [ A A R A R BB, A R 1 e AR ) R
WELITR  WEAL  BRAE T, XA BB A
TEAHIT B g A UA = A ansfn] L
FEARE R AR A 1] B FA7 A e P A 700 P il 2 A R
O As. Cd BRIEfRIE E 1 — K%k . JLRIAN ]
O A TR it IR an 25 2 TR o

F2 HAFKMESEXLIIE As. Cd HREHELEEHHR

Table 2 Effects of unmodified and modified passivative agents on synergistic passivation remediation of As and Cd in soil

e 4 pH AR pH SR ol
Rtk CAAE R MR TR . $hE B REIR Cd B Cu IATRLEE, (A2 As T [24]
AL Tk S . RS R g

/7.61, 8.06, 821, 8.64

7.10(# %5 ARE/10.4

Rigis #+(6.87)/#1(7.98) FEAREEYFHRE50C, 550°C .,

e R )
BRI 45)/7.69. 9.85, 8.92. 6.97
10.89(ZL A% 105 A AR B 30 HE W R 16.72
8.02(FLARIXIE) BB A R+ /.62
6.91(#5 A1 5) BRERAE Y I (F H)/7.35

ARVERERRAL Cd A RHE, (HEI(E As 761k [21]
T A W TR+ ok R AR A R R e R [25]

350 CHIRA . 550°CHAIK AL [t peE e As A1 Cd B4 Rk

BESA W K A H 3P Y AS® . ASTHI Cd*, 1Rl [26]
W B RE ik 3 543, 2 412 119 068 mg/kg

NESEH As Al Cd BRI ST BN/ T 43% F1 74%  [27)
AERGH T As Rl Cd R L ELX IRAR 0 B BRAR (28]
11.4% ~26.0% F1 4.4% ~ 12.9%

Shen ZECUFSE . AR pH FIEALIAS JFH
fZ(Eh)XF Cd Fil As HIEAA EESZ I, A L&Ak
FTLAE SRR BE R AR S AR 1) TR -3 pH
PR PR, XA AT As A Cd AEY TR
PERE I AAR . HJE As. Cd BRIl IEE 0F5E H il
IR ZHEPFEE N AT b, K 5250 % 0 5 H ok i
BEALFIN TR MBS 2w DZE Y, BEAR SR b s
B s R A 4, T R H R 2 X S 50 2 A9 R Y
A R

2 . SR ESLIEERIIE

ANEE B Z R R As Al Cd BYEEfLEE ML
PRAS S, — Pt AR 0 s — 4 JE T RE S AR LRD
A & b . B, &5 FhE et is
BT — As 3k Cd 5B E N L, X
BATEY O, K E A S E LR L 15 5
WoRESR, —fiH, As. Cd BrEEAL T EA QR L
T2 S
2.1 WRHHMEA

HoE, AEEHEXT As fl Cd B AR, Cd
W B B = B A7 SR T HL o (9 25 S5 ), 4 138 pH &

BN BHES F(CA™ ) MR, L pH X As 15 B4 52 i )
R—2CY HIR R, K 1R E MRk
Y. B AR TR AT R R R A )T 2 i
AW VR A . BT R R AR
SERIRRGE . W BRFRE T AN B S A B BE D R SRR A TR
BREVEFH 2o W2 s B T IR A 38 18 W B . Tica
SRR B, AR L R BRI A ) IR e A
feFE T 1 pH, BE5R - HEXT T 4 8 B A
BHEE 7, MM EREAE Cd* iiERE % . Wang 25
FIFH SEM-EDS(4 H - 8 e R 3530 Xof A e P A
YR FNER AU A 0 S5 e B 25 R AN T R AE, K
RO ) o e LA B 22 (P RELRE B JBORE sl utR 25
¥y, AW JER B R AU N, ISR X As
H1Cd Ay 2 T W [ e
22 HEmEEHR

REESY) T . SR . & JE ML A RS +
B ity H 4 R A AR AEDTVENE FH o — B B Bl Ak A
RERT DUE 4 5 3 pH, (R (A bA RS b
HA B A IIE, A A sl ER DIvE , HEimifit
4 @ 1R TR EERRARDY . Kim R0 R BE,
AR T As 155 HHHE G 1T, Cas(AsOy), fil
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CaHAsO; UTIEMIE BN T 3 As B[ E . ik
(6 B AR AT AR B R BR AR AN 42 8 (Cd* . Pb™)
RAALFVIRE, WA PbsSiOs. Pb,Si0s %5, 4xJm M
HAEMYBLH YT L As 5B E b, i
MRANER B A IR TE Y T . Fe'' + HAsO,  —
FeAsO,|+H",
23 %KE. BEESER

T A P SR I S IE AT, W-OH .
—~COOH HI-OCH; %, EARE Sl M ESE S 1A
s BEER, MdE As A Cd 76 H1gEd
A, BRI AYA R . Lin 25005 i (4 B 25 e
IAMEIE(FTIR) AT, ZELR A . AEW R FIR SR
WG T As/Cd 154 -3, AT LRI F-OH . C-O,
0=C-O. OH il COs> 5 Cd* M As™ A=A He ik Fn
LM L5 G 7 A R R ER R IR ER 55 , T3 L83 ) o3 1o
AW EGIERS LRI Cd Al As RO AE A
ANEHEEY, ek HHEP T Cd M As A7
[ 5 . Gao SFPOV% A 1 A Bk SEU AR A W i LA
BRI SR TR, TS £ Cd B AL
FaE E A 0=C-0-Cd., -C-0-Cd., (Mg/Fe—R—
0),-Cd)%, Mifi$im Cd MEIfLECR .

As. Cd UpRIEELIEENIBEZ FTAE 2%, £
T Z RS ) (0 Bl A A ™ A R [l Ak 22 R R+
Herpr As F1 Cd [FIBS R B E e R . B — Rl phkt
5 Cd il As #RVTRE S EE G —Fh sk 2 LB,
BCE R A B A R N A L R A [ E . AL A
Cd WhRlE b Z AR AT LI B, As. Cd Hh[H]
Bifb B G LR — U KM Z NN . Q1 Qiao
SR A e M BN A RO S, A
o 2 v 1) B B 235 45 i 0 R iR A T TR B R T DA
pH BG4S Cd BElEE; MxtT As, FEEFH
He W TR R AR G AL LA TE— 2B B2 As (IR R,
AR N As F Cd W IR HE 228
T OIS, S As A1 Cd gREE, &
BN AR AN R R (L) ~ (8) TN

=M-0 +Cd*" ©»>=M-0Cd* (1)
=M-OH+Cd* &>=M-0Cd" +H" ()
=M-OH +AsO; ©&»>=M-0AsO; +OH (3)
4Fe” +30, +2H,0 — 4am — FeOOH 4)
Fe’ +2H" — Fe?* + H, (5)
Fe +2H,0 — Fe** + 20H™ +H, (6)
=FeOH + Cd*" <>=FeOCd" +H" (7)

=FeOH + AsO]™ +3H" <= FeH,AsO, +H,0 (8)

B2, As. Cd PhRBEACHLIE 2L Lk 3 4~k
P E, Bl TR 2SR RS
As. Cd Z[a] 7= Ak SOV i R RESE e Wi °E
P As, Cd PR BB SZHLBR RO ER AR SEATS 0

3 f, PR IEE RIS

IR — Ll 7 A PR AOK Y As R Cd B it
B e EEAE, K HEHEFR As, Cd 5 HIBE
EZIRAERT Gu FEC2016 477 W R & MM Tl Al A
el X R HEATRG I As. Cd ¥5 4418 5 1% )il
IR 12 AKX, FANX R 9 m*. 4l
AL 3% As 124.79 mg/kg, % Cd 3.58 mg/kg, +
B pH & 5.54, Hip 44 As f1 Cd & R4510 GB
15618—2018 { T3S EbRIE AR HIHE 1875 J X
R b EGRAT) ) PR A 4.2 570 11.9 1%, fRXE
PRUEFOK A it 0T o 368 3 it A= 9 e+ gl R A+
A2 211 2), FEhERS 1R 2 2504 500, 9 000 kg/hm?,
PEs 80Ky 14d, ERUKRERE R . KL L,
BEART A RE N BB P A AL Cd B B e BRI
70%, AL As SHEFET 46%; Skt A 9
000 kg/hm? i, KRG Cd FIJCHL As BOSE500
0.18 mg/kg f1 0.16 mg/kg, YJREIAE] GB 2762—2017
(EREEERRME BihiEyRE ) “RrHE
A FRE(Cd FITCHL As #1°8 0.2 mg/kg), i IR (At
T AL FNARIAY Cd FLE As S84 0.46 mg/kg Fl
0.53 mg/kg; FEARL A BTk iy R, Ak R it fin
i+ A LT T BRBE I 34.53 ~ 43.76 g/kg, [
B A AR 17.07 ~ 25.37 cmol/kg, ZKAE 7 &
BN 9.2% ~ 14.9%; KFEAFEFT Y L As. Cd A
S TR TR CdF As & TR AL IS Il 4n e 3
fin, IR 3 alH, SxFREAH L, s ks n] ffiK
FE I AR Cd & N % 4.8% ~ 61.8%, As &
[% 13.2% ~34.1%.,

4 T, BIHEISELIEE REFRRRER 2

Wang S5 R I, BB A0 BH B 1R R 4k
AT R LI R [, s Qe BT As,
Cd PRI =B INMERISZ A%, IRXETE T ey ol
A IH BH s 1 = 18] AN [R) Al OB, T S22 A T P A
(Rl A 5 UL, 2 2 BAL AR e SR AR I
MEo fETIE As. Cd hRIBEILIE AT SRR R, AT
FEAFAE LT LA IR A5 A DR ) )22 ) e
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Table 3 Bioavailable Cd and As in soil and Cd/As in different parts of rice during growth periods compared to the control
Wi H SrEEWI(6 H 28 H) R H 28 H) AW H 17 H)
+ 4 As/Cd S Cd: 41.5%~70.5%], Cd: 47.8% ~70.0%], Cd: 39.2% ~ 68.9%] ,
As: 18.2%-202.3%1 As: 41.2% ~ 46.0%1 As: 28.6% ~45.9%|
KRR As/Cd Fr i Cd WIS AR, As HeJE AR Cd e BE i T HoA BT 3, Cd: 77%)|, As: 36.4%]
As W FEART By
IKFGFEFF As/Cd & Cd: 27.2%~72.0%], Cd: 16.9% ~69.2%] , Cd: 16.1%~77.0%] ,
As: 5.3% ~28.6%]| As: 7.2% ~24.2%)| As: 3.0% ~8.3%]
IKFEA R As/Cd & & Cd: 24% ~59.4%], Cd: 4.8%~61.8%],
B As: 1 As: 13.2% ~34.1%]
e “ -7 REBKRTEABEIR KA RL; “t 7 FoRThe, 17 FmBei. AR SCHk[38 R A

4.1 $HUFHOERHE

BEAE A A A R TS g R Ak 18 B SRR, B
EUE B I SN R . X T As. Cd PrE]fAL
BE T, B A S 32 2 R AR BR B[R] B FRAIR
T3 As A Cd BRI R EE , WRERRARRIEY)
e R AT &30 A As Fil Cd & & BRI % 31
TRIRES e BRI SZ T Pb. Cd. As MO8 4 B
& 15.8% ~16.3%. 11.8% ~15.0%. 0.03% ~ 53.2%,
AT LA H R85 1) 1o FHAE B AR BRBSUR 55 P il Cd
S P HARESCR . BXT As, BRI BAT
FEATRE PR . FEDM R BB Z it Fivh, & 4%
SIS, o HRE As, Cd hEEIEE, Xl
HHT As. Cd PrFEEAIE S ol ) i o RHE—E, w20
PRIEREALF B INXT T As . Cd AYSEIAL R R 5
M AR E o
4.2 FHUFIBFEAE

As. Cd PHEE S Ak it fin H REET i 3 AIK
Herp As A Cd AR, IR RTBELE As, Cd mIAE
YIHANIER, 2 As, Cd UM TEAERIIE SN A,
RT3, IR HEr LB . B IR
HeRs, HHEPRY As, Cd Al BEA 24k ) i
FOF . RO, Zhai ZEPVEESEPIIR B A
R, RIS 90% RIBERESH 10% =%
P BRE FC BTG , 7E5E A BRI T LIA B0 b7k
FERFRi ) Cd. Pb Fll As H9FR R, (25 fin i k.77
) 138 pH 555 —4FAHLLFEMR T 0.9 ~ 1 B, St
A HLR(DOC) W He 55— 40 /b 25.8%. LAk, T4k
IS R B, HHE pH FNAT AL & R T 4R
W BEEFR [ 1) FEEE R, BEE A AR, g
As. Cd B[ RES A A B AIELAS . Bian 5T &
R, B2 TG Y AR FRR L 28 [T — ARG BR A AL AT
R, X — i AR v REAE - As, Cd H
B, DI AR AR 0 B S e Al TR
AR A o] AR KBt Hi B 1 38R Y As . Cd #;

RIS AL T A . SR, H RTZ U A AT A
WA 2, KA E S5 0
43 HUFMZEMHE

As. Cd PrFEEAIE S (12 4P ) R ELEE I 1A
PR R T A As I Cd, SRS T AR
YIRS R, S A A R G R A R
Pt v B2 PR IE . Yuan ZEUR I, BRIETERR
(At X -3 pH (ARG, XX FEE Pb.
Cd il As A 15 4 35t 45 R F By 1k e 454 1)
fbo Wit KB, AR BARFFR T +
B LM E4SE®Pb, Cd. As. Zn)AEYARES
i, AR FREYAK . #eRF e i
(s BRI — N, — 7T, R —
MEBRG, AR RN B RGEY , B
FEFN AR REXT A4 04 A6 A i sl = A B 5, B 00+
BRGHRZ S B A BEIE W U T, 76 As.
Cd PrREE R, YR LR EUE B i TAE
IV R R IR b i As. Cd PhRIAAL R, mifE
gt fn s B AR, S E R AR VR Y E R AR
KM AEB RGN L4, BB AN K e
WU BRI SN T, HoitH] 53l 5 7 B
AT AER RGN R
44 FEUFHTEHE

BEAL RIS M 28 T As . Cd flifuiE 2 o1 72
HrREfDL A Rl T AN O TS B A
5, AEEREE X OR RIS e ] [R] —Fh el
PR3 A2 BN R A B4R A5OR o Qiao IR B,
FEPE IR ] 5% FMER—E Y BUR B A M RHE
i B E IR RIKRIAH LI As AT Cd BUR, ok
FEFFRLHT As B Cd &2 BIFEAIK 42% F1 47%; [RIE
Qiao ZHLE B, ¥4 5% T Ek—EW TR B TR
PEARAE L P REAS ARG T Cd AT As 25 20 Sl AR
93% 1 61%. T TIHEERINY S et Lo m slifh sk
SRR 2R A AR, KRS 5 2sk 78 v iy DR i o PR
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A IS BRIt . 45 E M= Y As. Cd BlifkfE
HMEHE As. Cd PHREILIEE W HR, SRR
W [) 2 75075 Yt A B8 p 5% — et XA A FR AL 1Y)
BiAIE R AT IE
4.5 FHUFIEFHE

TR AR R H 58525 As FI Cd #YI5 44 IF
REHER, N2 ZLf LI As il Cd 584 L BRAT
TEARYMERE , HE3h T As. Cd PhREIILIEE H ARk
o Bk, T As. Cd B R AGERE, WA
Ghifilgs . GraRIC. ARAF G e R . ARk,
Bl 25 B R 25 BR BASTEE TE, BT RURE R g K b4
B LREARPS CIRG N TRk E S, %k
BEARAE S REE H AT LA 1 DL 1A F)
B AER As. Cd hRIEIIEERHOR , (R M & 52
HAZARM, HATE TR B H o o T fg
g A HRHE Z AR R T As. Cd /155K
HHHHEE, As. Cd PrEEEIEE A RY BERE FIE
K VRBLA LR R L FEAE . BRI,
WASRE AL

5 MAIREE

Bl 5 i A A8 2B Ak B4 AN W 1 FH RN R AR 4 R AR
Witk L, KRR HEILTESE As. Cd B G151 1
AN G 3 B A1 R R AHEE o 56T H RO R LA &
FETEEL, XF As. Cd {54 et R B 1k 18 2 i o 4
AR L L

DIEAWFFE TS As. Cd Bk i& 2 Rk
Sy IS 1 S R A I R T A VA3 S e N B i e
ORI B e Hp ] — b Bl A A 0 TR TR 2 1Y)
As. CdisH 3, As Fll Cd MEIALRICR & A AE7E
B 22 5, e el AR 22 SR I R R U4 A
As. Cd PRIEEALI[RIRT, A5 RRHR 2418 10 7 ik
T B 5 AR R S P 7 3k S [ A i DR ) Ak
As. Cd H:ZHA5 Y B Rk 8 52 1% R T AL
IR

2)E SR As. Cd BEAL AR & . RE AR
Xf EHE R RGBS TEM . v LA MR R, 254
T P A V0 1 A T I A i A 700 4 P 2550 it FH
D E AR, RSB R SCR . SILRIE, 2
SR UEA AE P 1 ik i A A RN A T A 28 R B {a R, ik
B4 AR RRSE

3)EFXF AN RIS A5 e - e g ST Ak | B A
FARL B R HR . S5 F B A Kt s R gk
FH 0 Dh— s B R el e A 00 A Rl R,

SERAHIS At AT A 5 BEPE R M . IR A
Cd B A5 5% 588053 R AR TR T Y B o= AN [ AR B
JEPAT B RIS Y 1 A0SR BE T A AR
SAEY) AAEY E IR & B AR, R R H
BEARF 5w YE Y 4 T AR P A Bl AR TR, Bk
AN EEAT , T e 2 Y e A A T
BE; mind B A S RN ESEARE, I’
IR A B AR 2, I IR R AR AN TEA
YR ATHY . GHIERE As. Cd B &T5 Y 115
AR PRUE T HEA S R G R (BN e 4 | 3X 7 T b SR
JE N7 5 3 by R AR

23k
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