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Abstract: High-arsenic groundwater in Hasuhai area poses a serious threat to the safety of drinking water for local
residents. Elucidating its formation and evolution mechanism is of great significance to the scientific and sustainable
development and utilization of water resources and the protection of the health of local residents. Based on
hydrogeological investigations, we herein employed Piper diagrams, arsenic speciation calculations using
PHREEQC, and correlation analysis to investigate high-arsenic groundwater. We studied the hydrogeochemical
characteristics and constructed an arsenic speciation model (SM) and arsenic sorption model (HSM) to reveal the
genetic mechanism of high-arsenic groundwater in the study area. Arsenic concentrations were found to vary
between 0.2 and 231.5 pg/L, and high arsenic groundwater was mainly distributed in the alluvial plain south of
Dagingshan Mountain. As(Ill) was the main type of arsenic in shallow groundwater in the study area. SM showed
that H3AsO3 was the dominant form of arsenic in the study area, whereas HSM showed that there were two main
forms of arsenic, H;AsO; and Hfo_wH,AsOs. Arsenic in groundwater may originate from the dissolution and
weathering of the surrounding arsenic-rich rocks and Quaternary arsenic-rich fluvial and lacustrine sediments.
The fluvial and lacustrine sedimentary environment in the study area is conducive to the formation of high-arsenic
water, and the weakly alkaline reducing environment dominated by the decomposition of organic matter is the main
driver of the transfer of arsenic from aquifers to groundwater. Additionally, the competitive adsorption of
HCO; promotes the release of arsenic.

Key words: high-arsenic water; arsenic speciation; reducing environment; PHREEQC; competitive adsorption
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MOCRT 2o i TaalE . KEmAYE, 75
H R K Hb O R DA R AR N i R R Y TR S R A
(Zhang et al., 2014; Masuda et al., 2018) . K1k FH &
K P A g e B . KRR . MR RNE AL RS
AR LA K | R W I R0, W AR B A R S
3 (Mukherjee et al., 2008; Qiao et al., 2020), =i
IARAEM FHE RN A2, A ERA AR IR ZEM T
W dmmPrE L PIRE . EE. HA L P E%
70 ZAHEFAATE MK, Al 1.5 /N2 HiEm
(Bianchini et al., 2020; Zhang et al., 2021; Rahman et
al., 2021), AR, AR K Y AE Ok R
1H 5L 4% [= # ¥ (Mendez et al., 2017; Qu et al., 2019).

e it b T K T A2 XK S Hl BT 2% 4 RN AR
Yy ER AL 27 PR 85 A 5207 (Zhang et al., 2020; Haugen
etal., 2021; Cao et al., 2022), Wt T 5-FTF2X1
VT A S I -2 R DX TR A, X L
D H B P30 . MR KRB g . AR TR E
4E(Sosa et al., 2019; Murray et al., 2020; Sun et al.,
2021) . APt LD 53 itk B b e | 8 7K SCHE
BRAL 27 0 58 728 A A, 23 X0 i 1) 3 8 5 Ak 1 B e (R
YRR, 2010). QniskA= 9 73 i AA ML A ik AR 238 n
H R 7K HCO; MYV EE, (45 3 7K 52 30 55 Bk B4
BE, A5 KA R %) W 5 e 7RI (Cao et al.,
2018; Zhang et al., 2022), P I TTFL R th 2 52 1)
G AL A SR 3R, J P R T A AT 2 il T R K
HIAAR, B CER) A AR R R, S O
R4k () 8 AR 1 0 e 2 A= e W i 8 i 1) L B
K, AR MR K A v B S5 H e =5 (Bandara et al.,

2018; Yu et al., 2020), H Hij & F M 27 X 8k = i 3
KRBT, LIRS GT 4R i oK 14 43 A
DA% 5 P A e 3 G A (Zhang et al., 2014), B4
X T B A AL A T IR AR 438, i 2 X5 1l 7K
LSRN B, AR5 E 2 H BT
B DXl e Al M R K KA 2R R, T b T K
TAL AR, 1 A A 40 A 5 A T Bt ) A 3
TEAS, $B/R TR i W B AL

1 PFR X

11 MES5R%

WFFE XA F St H IR X A 4= 201 s (0
A ah), A B IEAR L 110°41—111°11", b
4i 40°24'—40°42', TEATBUIX K AT B AR S
- BREA AT AL, HIARZ) 1000 km?( 1), ZIXE
T AN TR T ROR R R, ok, &k
A, HEEKZHEME 6—9 H, FHEKE N
300 ~ 400 mm, 4Ez£ & fiH 4 1700~2000 mm, X P FE
FEME— R RLBIA M R, W2 30 km?, f koK
TR 3m, FKER 1.7 m, JEB R GE AT 5B
BRI AEHEM, R R IR R RSN IR AKIBIA .

1.2 Kb REH

F BN FACFE R L AREABEEDL, m . PEH

BIERR BT, e — AN SE R A K SCH T BTG PRI R

T L L SRR R A R R, L AR R
SR YA O Wi SR IR R AR O W s e
SRR G b WA R AT B R s, Ak
T ol F AR SR R PR T e I AR R LA R ]

E1 ARXKXHMEREFERSHE
Fig. 1 Hydrogeology and distribution of sampling sites in the study area
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MIBOE R S AL, AT B Fa AR . XN Al — 2%
LR R B S K W 2 — K E I AT, 2L n]
NEE. ZIKIZWIRIER T a8 t, BH#vstt TG, W
FEaEm 2 RE s B, LI XA TE, TR
ST, WibG AT 4R TE BU(Wang and He, 2020). M
R B et )2 IS Sh IR AN, A L 2%
MG TE, W B A WOk (b 25 145, 2017), TEAR
TR T SRR 5 DU R TR, SR K A A
AL T KR WFIE XL R K R ERAF TR LB
G — S SR g T RS Kz T, &
K AT A LR D 2 R R Y rh i AR
JRIX,  H R K DR AT | DN BR Ay 228 7 A0 Ay R 45
ISR . Al vD SO D (] 2) X L P R R
KAVERMEE )2 i le) 2 i e L Bc)Z, Jitie
JZE M AR TR IR SR R (18] 2). DFFEIX
RIZH N K FBHZ R IR . K
FHVEE TR LA R Ly DX i) 48 G A 4D 26, W LRI 1) e A2 0
5 S5 TE PG R AR AP D X 2 AR . AR K E R L
X LA ZEBK A ) A2 A 5, YR ARG T P R I B0,
Het X = — AN IR,

2 KREERBE

HEE DX b T 7K it sh Ak, DRI T 2020 4
7 H ARG I XOR AR TKEE 21 (K 1) SRR
Sk 4 b R R TR A K H, HI 3~50 m.f# F GPS
SENL, BRBURAE S AR, H TR W38 2o 98] 7] 7K FH e
HERG . KRR . pH. Eh 1 EC {E4 3 F{E
#5350 pH T I i HL A {SORT L 534S 7 3 W
W2 o 75 AT A itk E3& S BRE R
TESEFIRAE

FKAEIE L 0.45 pm 9 8 2 8 21 3 R I KT
5 LRI . HTNESEE T Na'. K,
Ca*  Mg®" . i Fe St /K kEM 1% SRR IR 1L, #
ik [ SE G E S A7 T 0~4 CHYFREE R, R IEHE &
LB TR kO 3% A (1ICP-OES) Il /2 o A
A M R B A S5 AR TR (1ICP-MS) & -
As(IIT) F - As(V) £ = 8O AH (15 1: (HPLC) 43 25 )5
JFH R B 55 B R BT AL (ICP-MS) I & . R R Ak
R7K BRIz RS2 825 5, CImL SOF i o B 7 (4 15 L)
7 ; HCO; 38 1o R i 48 7 751k 2 ¥4 D 2 ; COD R
AR FR N S YR E ; TDS M ERHEIE,; NH; |
NO; . BLERA . Bk R F Ao T SO i
JE o

3 HRE

3.1 Xt kT

R KR ZEA A Gt A R R (R 1), R IXHE
K pHTE6.7~8.1 Z ], “FIMER 7.3, R FREH
0.05, i W 5% IX & )2 L T 7K 3 3 52 55 A 1k
Eh 4-200.7 ~ 125.7 mV, “F-¥J{EH~-51.6 mV, Hr,
76%1 KA 5 En<O, =S40 Ai F B I BUOE SR
4% R AR 5 ER>0, F LA F I AT bt AU .
AT L AT M R 7K AR TR AR, S i X T oK Ak
F R om iR R EE . F5T X Rk TDS
300~5500 mg/L, F-HIuk Ky 2146 mg/L, = L
K T2 B4 A F b T 7K A 2R 1 T gt AR D
Z DX I8 Sy b K i BR HRE DX, 2 vk 4 4R T AR
S, CODw, # 4 0.3~10.0 mg/L, F¥JHkE N
3.8 mg/L, FIHES L BRIF I A ] A TR
s A PLEA G,

B2 ARXUMTKRSR =455 E

Fig. 2 Groundwater flow field and 3D geological section of the study area
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Rl O B i o7 A - N S
Na">Ca’*>Mg?*>K*; HCO;>Cl~ >S0Z . fH & ¥t Na*
dik, e Sl 1069 mo/L; [ ES T HCO; AL
PR, fe RN 1865 mo/L, 2 HL T K B
T, CITRI SO B8 5 2411 1.01 A1 1.14, &
PSR AN B 25 ) S i vk e 2 i e A S RTE
0.6~0.9 ZIfl, J&F P aEAs Sk, WFST X T /K B
WeBE Sk 0.2~231.5 pg/L, AEF RECN 1.16, JEMGRAE
5, RUZIX As Fr i fE2S 404 AR K i
BRI M IXC e A KA A A B2 R K i
o ZERFFE DX ALHB B L AR I, R k232 K
SRR EIANG, DAHBFRARG . 1L [R] VA AV I A B
TR B 2 1 R R A B ph AR R 8, ek
75 M B AIKHE Ab DL ZE R 0 SKHEME . Al X (As>
10 pg/L)IEA A FREF LM, RS | VRS TR
PIZR, RIS . SR AL A s BLE R X (E 1),
W2 S BT R 7K B B S = AT GA 231.5 pgl/l.o
3.2 KUFEXRBHH

Piper = £k 8 /R (E 3), X KA 5 Fk
fb2% 2 A H o R A& B (Cl-Ca-Mg B! Al
HCO,-Ca-Na %) /i 39%, HCO,-Ca %! 1 38%, CI-Na
15 24%, HCO;-Na %l 5 5%, &#i/KTE 5 frkfk
SRR IH A, FHE T LR ER(E 3), Na*
JERZHR MK S, 3T 14 oK L
RAERMHE T RE, RA5ca™ hF; NBE

T ZRERE, mMKEESMAT MIBMAT
Ui, RUERREE ARG FFIEM, I B &b
KEREGHE TR, Z R Kt MWrh X
(K L1 LA AhF- D) 380 itk DX (G Vo] o gl RO ),
MR KA 2R R ER IR HCO5-Ca #K, &
W v Ak g 5 R 0 C1-Na B K o i3 J2 R 1 i 46t
AEFE T S K A OB KL K, MR K B A 1R A
FUEVE R B, AR PE RS, & KA B ORL
WiAE /N, R OKHRRAR TR, 2R R R4 AR AR R, H
T K H A B R TR R N A R R 1k AR AN I HL TR E
FOKZ, BOE R Cl-Na #K .

E3 MEBFXEXEMTK Piper =4 [E
Fig. 3 Piper diagram of shallow groundwater
in Hasuhai area
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Table 1 Main chemical indexes of shallow groundwater in Hasuhai area

Eizg PR wRME He/ME FHME it 22 5 R AN R
Eh - 125.70 -200.70 -51.60 +85.72 -1.66
pH - 8.11 6.72 7.34 +0.38 0.05
TDS 1000.00 5530.00 305.00 2146.81 +1687.52 0.78 62%
K* - 125.00 0.89 13.74 +29.65 2.16
Na* 200.00 1069.00 16.80 406.26 +380.62 0.94 57%
ca® - 413.00 11.10 125.97 +84.42 0.67
Mg - 318.00 12.80 122.31 +102.49 0.84
HCO; - 1865.00 272.00 832.10 +507.90 0.61
SO 250.00 1726.00 0.60 390.16 +445.6 1.14 52%
cr 250.00 1609.00 13.70 423.13 +426.78 1.01 48%
NO; 20.00 313.00 EN oA 63.11 +101.77 1.61 38%
AR 0.50 4.10 EN o] 1.01 £1.24 1.23 48%
ILIRA - 33.30 0.10 1.59 +1.41 0.89
ALY 0.02 0.60 A 0.15 +0.18 1.25 67%
B Fe 0.30 2.20 AR 0.49 +0.65 1.31 43%
A Mn 100.00 230.60 0.40 89.69 +84.55 0.94 52%
i 10.00 231.50 0.20 64.95 +75.76 1.16 57%
As(IIT) 181.30 0.10 52.51 +61.57 1.17
As(V) - 50.20 0.10 12.43 +15.60 1.25

0 pH CEN, Eh B4R mV, As. Mn B0 pg/l, FLAF8HR 0 mo/L; ARvEMARSE T /KBRS AR e ) TS K AR GB/T14848

—2017; “-" R FRIohRERAE .
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AR, BHESF3c e TG BR 2 Ca Bk 1] Na
RUKEACI IR o DF9E X 12 AR e . VD555
e+, WRmAR, WHEE IR, 5 &4 E T
LA . A y[(Ca®*+Mg*)—(HCO; +S0: )5
p(Na*+K*=CI") iy Fb (B AT LA 56 3E A 2% X & 75 & A FH
B WA (9K SeE 45, 2021), WA WL 4
-1( 4a), FHIBFIE X AL B A4/ T . Sk
FEEU(CAI-1, CAI-TT) AT LK B 1 52 B iy ), 36
br= /(1

CAI-I = y[CI" = (Na"+K")]/y(CI")

CAI-1l = y[CI" = (Na"+K")]/y(HCO; +SOZ +COZ +NO; )

& 4b RI%1, 85.7%M/KFEETE T8 =4 MK,
CAI-I Fl CAI-TT#< 0, F"H FkHHY Ca?t, Mg**
B IR Na B4, B FaC i/ S 8ol T K
Hl Ca?t, Mg s/l Nat o i .

3.3 M TR/kMAgSER

KIRK A HzAsOz. HoAsO; . HAsOL .
AsO; . H3AsO,4 . HAsO; . HASOS £ 245 (Liu and Qu,
2021), pH A ALIE S i A7 (Eh) S 3 ) HOE A8 19 2 5
PIZE . B7E LT 7K i i 28 DA R 6 R0 S ff R 5
#9IE FAETE (Couture et al., 2010).

R E H R K T R AR TE RS, ARAFSE A
FHARSCHbBRAL AU ERF PHREEQC, XTHSEIX As
FERT 10 pg/L 19 12 AN /KFREFEF T /K SCHLBR AL 2 A5
I, # T As JEAMR (Speciation model, LAF &
FK SM). B PHREEQC THHZ5 R AT 1, SM B AU i /R
WFFE DX R KA 1 DL 34T 45 & HaAsOs( 5a).
W 2RV DX IR A VT R A B A 3P s S B
YA Fe. Mn %ALY (GEME, 2016), T Fe. Mn %(fk
YK -G W 3 AT E AT, REAS IR LB B B X
TEAE B0 R £ 5 R £ (Guo et al., 2011), [FI,
T B Fe SR T XTI SE X As [ R [ = A 5%
Wi, F A PHREEQC K F# N, T As W Fff A5 7l
(Hfo-As sorption model, L) Ffaifx HSM), #5811k
BT 2 K0 2 R wateqaf.dat, A I 455 Y Fir
PI2E IR IR 20 PP AT H R K 25), T
ALK A W) (Hfo: Hydrous ferric oxide)Z: £k L2 3.

TR AR B Fe 5 i (wFe) 2 HR 4 2019
Ay 2T DX A A AR 1 IR 08 S 56 T A (R
2019). #4% Dzombak and Morel(1990)H 2 4% &
BRI, R IRV R Fe & & (wFe) Rl it
B S AE A S B 3.57x107° mol, A Hfo Y

4 HWTRKEBFRBREXE

Fig. 4 Correlation diagram of cation exchange in groundwater

5 B SM {REE(a)F1 HSM 1R B [E (b) i+ 5 H 89 & RAF S i B 53t
Fig. 5 Arsenic type statistics at each sampling point calculated using the SM model (a) and HSM model (b)
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% 2 PHREEQC WMiRE P EAMMBRNESRE
Table 2 Thermodynamic equations used
in PHREEQC adsorption model

W o Fs2 log K/(kJ/mol)
H3AsO, + Hfo_wOH = Hfo_wH,AsO,+H,0 8.61
H3AsO, + Hfo_ wOH = Hfo_wH,AsO, + H* + H,0 2.81
AsO; + Hfo_wOH =Hfo_wOHAsO; 10.58
AsO; +2H*+Hfo_wOH=Hfo_wHAsO; +H,0 23.51
H3AsO; + Hfo_wOH = Hfo_wH,AsO; + H,0 5.41

#& 3 PHREEQC HHINHIHEXSH
Table 3 Related parameters inputs in PHREEQC

HSM &% {1

454 15 7 (Weak sites) 3.57x107° mol

- 600 m?/g
AALBAKE PR NTFL (Area) CEX4 T, 2007)
SR BOK A P 5T (Mass) 0.016 g

wFe 0.000 179 mol

JEi it (Mass)h 0.016 g. 4 HSM A4 & 1H 455 1 R A
1, f R HQO6., HQO8, HQ11., HQ12, HQ21 Hif
) IR A R 4 A A5 B A IR (Hfo_wH,AsO3), J:
BRI ETEEER R HaAsOs, BT AT = fifl RAE
R R G ER LY (K 5b). i n] A, Fe %
AW £ W 6 e W I 9T X As iR RS AR B 4RI
o XF HQO7, AR Ik, Ho Ay kff/
WA R R E,

Ak, Eh-pH BRI E R G5 b 4 4 4070 Ak it
JCN 3k 31 i IR 35 B Y B2 JE 2 (Boonkaewwan et
al., 2021), MHEFRHERBL T As-0,-H,0 R4EHY Eh-pH
A (18 6a), WF5E X As(IIT)FI As(V ) IAELETE 843
A2 HaAsOs Fll HASO: o #4575 AR Fe (1% 4k
Yy XF w0 R 52w, A A PhreePlot K {4 /E T
Fe-As-H,0 Z4ihY pe-pH Kl (& 6b), L5 R R

X I Ak W 1 = A AE TR A Hfo_wH,AsO; Fil
HsAsO5, X 511k PHREEQC 445 H Ay 45 S —3,
4 Wi

e i K B TR S A A S K - A ELAE B 4
L (Sosa et al., 2019). AT AMFFY, M REWGILER I X
FeE Rl AR 7.7 molkg(F B, 2016), AT
Hu5E R4 1.8 mg/kg. MG R X ITE R AU B T
IO EREE, JLER L X A A e K KR
R, JLRE S W 25 1L T] 3 2 g I R b, 3R A8 U 4 4
Wiz BIGZRG X , BLAh, B R R
e vh(Cao et al., 2018; Zhi et al., 2021), L AK7E
W 2R X TR, (45 15 28 T XA B R Y '
LAY . Smedley and Kinniburgh(2002) 1 % i (2016)
Xof I IS AR 25 s A O 9% S %, 3% X B 2 R 4y
MM 3~29 mg/kg i1 2.63~49.95 mg/kg, KT 1EHY
e AR (1.8 ma/kg), H R BT AH U AR A 0
Hb T 7K Y B R U

TR B RE T AR A T b BRI 2 v TR KR B
FRIRTHE, 1R 2K BT A (8 7K SCHER fb 27 R 55 ) 25 5
M ft 4 1 7K P ) oA SR B i Ak

AH S 23 B AT LA SR A [ 7K SC H Bk 1k 24 2 8
Z A AR B, 38R T 3B T AR
K (zhang et al., 2021), 57X EM 5 E Fe, &
Mn. Wi k4. CODwmn. Z A . FLIRA R AKX R,
ifi45 Eh, Ca**. NO; 2 FAMHEER (A 7).

S 5 CODw, FAHC R EGE 059, 52 A . Hl
IRA LA S AR AH OC R B 2=l 1 0.89, iX5&
B b KA 7 & 4R 5 AR AR A LIS 43
FEYIAROC o W20 DX SRR (0 Tl i AR DO RR AR 1 A
TOKZHE EA PN H L, 2019), TEARXS AT Y

6 As-0,-H,0 R%iH Eh-pH [El(a)F1 Fe-As-H,0 R %8 pe-pH El(b)
Fig. 6 Eh-pH diagram of the As-O,-H,0 system (a) and pe-pH diagram of the Fe-As-H,0 system (b)
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R KIREE T, WA PPR A LB S AR A, AT

PAELHERE As(V )ik J5 0 As(IIT) (2= 4145, 2021), Frl,

W 25 VA X 3 1 A ot /K e 4 I AT 250 HaAsOs.

Iy 2R I X 3 7 1 55 DU 2 s 30 26 0 g 90T - 381 A
LR RIUIREREE, WA T B B A  ep bR
I SAAL IR B, b pl K2 ek . EE ey
W 55 220 B A, WRBHE SO 2R L DT
R AR rp s 3 K2 B W AL, T A R 1 38
JRIREE, SKZH Rk . AL B SR R T i
) Fe?* . Mn®*, WRBRTERR | A 2R i e 4
W BEZ #E AT 7K (B 779 5%, 2014a; Rahman et
al., 2021), WFFEIX G Fe. Mn fAHE REEE L
0.8, 5 Eh X R EEE] T7-0.87, X 5T X Eh
T ST ()R i (B R TR AT LU Y, BB SR PR 5 1Y)
DX 355 A ) 25 ] 43 A S 0 e 3 — 0k (1T 8) 7K 3
HERALFAEILE R R, £ HSM T mfifigk 35
KGRI, FHHIXERFE S Fe. Mn
v, R R XY ok E T
B R AL R IE A A

PH (B 52 M A 4 1) 5 — L PR 3 3 o 1
T, BRAEHL T K DI sl £ H far 1T SAE AR
(&1 6), 5 5 25 7K A J3i Hh s 1E H B4 4 S W, pH {384
Ko+ HEAARFNFS 0 Wi 5 22 119 97 fEL £ (155 A7
SREF, 2014b), AKX A Ak 42 i Rz 5

P BT B A BT i) FROY I K 2 U A
o R K S, K-EMEAERE RS, KaXyy
FE COMER T R AEIK AR, i DX 3 T 7K 5 i 2 553 ik
P o WFFE XK FE pH {530 7F 7~8, 5558t FRBE (il 1+
XA %) W R BE 00855, T LK HR AR AR R
ALY HaAsOs, A I TR AN . thah, HiFK
WY HCO; Mk %3 45 i, JF H 5 EVA &2 1 AH QG

E7 #TKETRNEXMESHER
Fig. 7 Correlation analysis matrix of various elements
in groundwater

KFR . HCO; 5tk BA M MRIRI 454y, Al & b
e AE R R, Rl SRk 2 8] 5E A
W BfF, AR E AR M W (X e B SF, 2017) .
M PHREEQC #4) % 1% 5 4 Wi [T A5 780 ] & i (] 9),
HCO; 58\ ALY IE B 1) 4% & ) (Hfo-HCO3 ) 7% &
. AR, UL HCO; 15 4 i B 2 1l R 7K = it
FIR IR 2 —. Na™5 Ca®* Ay BH 138 W bt
AREE e E R R A BN R, R K Catt ik E
(K /0 2 fef 5 07 ] HC O Ve B8 184 1 (49 1) 3367 7
Ca**+2NaX—2Na‘+CaX,
CaC03+C0O,+H,0—Ca’*+2HCO;

PEFE T RRER ER A T A, )42 8 fin e Ak 5
HCO; 1135 4+ W FH AR, T As 55 Ca® R ikl 6 6
ZWAE TiX— 5

8 MEBXEMTK As(a)5 Eh(b)HIZEE D%
Fig. 8 Spatial distribution of As (a) and Eh (b)
in groundwater in Hasuhai area

9 M PHREEQC i+5 i 89 IRk MI7S o 5 IR B 75
HCO; Bk B G it [
Fig. 9 Concentration statistics of adsorbed arsenic and
adsorbed HCO; calculated by PHREEQC
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5 45

A 3 Xk P 52 0l I U X s R K K AR AR AE
K A 25 TA) 20 A1 L AR %) 28 280 R FG s IR BT 7
5%, EEMHLLTF 4L,

(L) Wy 28T DX S5 v 2 b T /K B 2 v A K 2 v
Bk ERK, BB ETE 0.2~231.5 pg/L Z[A], SEHyuk
J¥ 4 65 ug/L, HARFEN 57%, w7k 328 A 7E K
T LU DARE A o RO JRE DX, A e 2R I I B O Y
MR S MR I fe i

()W 58 X3 2= 1T K A 2SR DL As(ITT)h &,
SM 43 M7 BRI HEIE S A HaAsOs, HSM 3BT 8 /s 77
1E Hfo_wH,AsOs il HsAsO; il EEIEA . i &
TR S R B B A AL, Fe Ak 1 I B/
R 2P I FE X As TR AL I F £,

(3) A 5T X 1l T 7K (4 Bt AT BB A YT L X
A1 B RAR T A AR5 D 3R e 3 A AR

(4) A 3R] F Ji A5 B 19 30 A T R 2 35 2 e
I BLAIRTS2, A HLIET 23 325 Bk IR PR 5 2 il DA
KB R RN M oK R EE R R, S50 R
B2 HCOG 1Y 5 4 W R0, 25 5 SO 1) BRI
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