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Rejection characteristics of metals under different chemical speciation
in the nanofiltration membrane process
B OB EE OREET U FIkT
Jeong-ik OH', Taro URASE™, Kazuo YAMAMOTO™

ABSTRACT ; Rejection characteristics of metals by nanofilteration membranes were examined. Chloride
ions, sulfate ions, and organic compounds represented by TOC, which are found in high concentration
in the landfill leachate, were more highly rejected by nanofiltration membranes than metals. Separation
coefficient, which is the ratio of the metal permeation rate to the chloride ion or TOC permeation
rate, was introduced to consider the rejection characteristics of various heavy metals in the leachate
by the nanofiltration membrane. In spite of different materials and different nominal salt rejection
of nanofiltration membrane used, the rejection tendency of every metals in the leachate was nearly
the same. Inparticular, the separation coefficient of arsenic against chloride ion and TOC was larger
than any other separation coefficient of heavy metals. That is to say, arsenic is easy to go through
the nanofilteration membrane. To certify why the rejection of arsentic is low in nanofilteration
membrane, the rejection characteristics of arsenic spieces such as arsenite, arsenate, and DMAA, was
investigated in nanofilteration membranes. Both arsenate and arsenite showed high rejection in the
pH range where they exist in ion form. In the case of DMAA, the high rejection was always observed
in wide range of pH. A high rejection of DMAA by nanofilteration membranes might be caused by a certain
mutual interaction between membrane and solute.

KEYWORDS ; Nanofiltration, Heavy metal, Arsenite, Arsenate, DMAA
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KAERIT AEMIH 25, BHAOESIESERE L THEREE 7/ 20EPHF S22 04< R
2 T&ERT,
BFEEROLPTO e HEL, EBEFANEERE (AR CL s TEFN Y EXHEE 1 BIUSTHEINTED,
/o, TUYTHEIEBVWTIE, LRICLZERRESHEIIRLNS ¥, bPENIBVTE, 0.0lng/L O
KEREEENFE ey - AL BE SN, BEEMOBUBRKDOLNTVE, LFEE, KPP THL D
BTHEL, WEILIIHEENELD, BRETOLATOEFHLREL L Y,
+/ BB, ~&Viﬁ%ﬁf%@ BEOWMENE, BEoBMEIZL - T, B¥d 5 08IEFELRY
o T, BRICHBREREHCIBEOKENRT DI LT o T 50 D 5/ 5 BEO—HBIERE
&m&fﬁéﬂﬁmmm k$aifﬁé&?6iﬁwmtﬁﬁkwﬁwﬁﬁﬂ‘%TL%%%#Tﬁ&M
Fro, RO, BRREFEELS . RETLIBEROBEOERAD LG S, HIEMEOERD
BERIIEEYS 25720, BIFFRS TRV Y,
AFFETIE, TK, BHEATHEE L, HELBEO T/ AB7 T ATORERL AHOBER (4§
L34 4 v ORIER) 2 hERFL, FEEROBHILORLEFELHL»ICTH, TOB, BOMH
IR, AHEEFEEYESRZAZ M0, FEBERE, EHRTK, 0@, EREKTHY, 22
LELZBEOAEREE. o BEHLZFMT ALV, FEREFELI L E L, T4, HFIZEBSN LT
FTHDH, LEIZDOVTIE, bRFEENCBRESHEETAHFELRIL, 20+ /2B TOLATO
FEIESEED pH RS, BT TORESBOFAEREL 7/ 2870 A TORIEFEIIDWTEHEE
Mz 7,

2. EBAHE

21 EBRICHW T/ ABEB L UEREE

ARFFR T, Table 1 WRL7- XD ICEMERE 60cm? DFETH A NTR7410 (M E: Polysulfonate. &%
FroB¥E® 15%) . NTR7250 (#1%Z: Polyvinyl Alcohol/ Polyamide, AFRDBIIEZ 70%) 3 L FESIO (#
K :Aromatic Polyamide. HOBIEE: 99.6%) AW, C-10T TV a2 -V THBAERTTo 7o, EBRE
BOYAT7 75 h% Figure 1 12777,

Table 1.Material and nomial salt rejection of nanofiltration membranes used in this experiment.

Nanofiltration memebranes Material Nominal salt rejection (%)
NTR7410 Polysulfonate 15
N T R7250 Polyvinyl Alcohol/Polyamide 70
ES10 Aromatic Polyamide 99.6
Flow(Q) Membrane module
I o— eene”
L 0O -
PI
Feed reservior Pump /™ N d
.... K PI +ee P /

!

Permeate

Figure 1.Schematic diagram of the experiemtal setup of crossflow nanofiltration
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2.2 BRHEKABIZBITLESEOMEIEEER

BB T2 ERETHEEYR ISR ZER LK EHS. 5) # X REKE LTHBERLFV. B
EABEIEINTVLESE. T BLIUBAA VRO EEL:. BEKOEYA 4 ViBERH
3000mg/L, TOC iBEEIZ#Y 350mg/L TH 1, HiBBTIHEYHEEBILALEILVRETH -7, T/ 5BE
BCRVBRIEELERS 4 70 NTR7250, NTR7410 3 L USRS 4 7D ESI0 Th by, Table 20k 3
LEBEEHTHRER T o720 AEBEGEOMETIE, HERIEBAEOEEL ST, WhO LEE
GHESNEholbnEBbh L, F/ABRICE, EHEES 4T, KEHILES 47 (@HLV—X RO
LEMALYATHEHLN, F/HBECEEEETEL LV IHERTELEIETL L, BEAKDEWE
BERIRELEEL LS, £2T, ESI0 s WA BETR, EREN40 >/ 28K LFALIIT 520
2, BREHKTIOEED THLARAERYT o7

Table 2.0perational conditions of the experiment.

Nanofiltration membrane NTR7250 | NTR7410 ESlo
Diluted leachete | Groundwater
Presuure (MPa) 0.24
Circulating Flow (L/min) 1.80
Flux (n*/n*/day) 0.18 | 134 | 0.12 | o8
Temprature(C) 25

2.3 CEDOFEFIHEL

PEIIHIIL o CEBRIEIZBIIARELR2AM A Y ORTHEET S, £2T, BHIEERS/ 28ETHS
ESI0ZBWTLEORET L OMIEED pHRTESE T 7 M REVKITEFTAEEN O T AIZHE & B (K
W CIELEAs (M) £ <), b BORR TR AS(V)ELO)BI T I VVE (RBFFE T DMAA &2 <)
FNFN 200pg/L ZFEEIZMA, NaOHHCl 12X o TpH# 3, 5, 7, 10 HAE LD TH D, T/, HE
JEAGT NaCl, MgS0, & N 2. CHEBWOEW 4 >~ B L UTEE A A » D E X Fh 2N 300mg/L, 200mg/L
& L7, %8, ES10 OEEngeffid Table 2 1Z7R L7z,

2.4 ¥ HE

(1) ICPMS 2 X AEEBEDO—HFHH
BEEBRBIUZOMOELBEIZ ICPM (FHEES TS A~ - AEDOWEE, HP4500, #m 7+ ) 714 ANV
VAFL) Lo THELR. BEKORESMIIOVTERZBXAVTRELALL IS, Crn/z=53) F
MELPERETHH, C10 2 L OB LY OEBES T TV ALTRENBEVEEL NS, ELEDERI
DVt As(m/z ¢ 75)412xF LT ArCl (w/z : 40+35) M E T 2 7ot {bi 1 4+ > OB 2t 1 4 v 0B
POBWELY, EBBATOLLER 10pg/L LEOBECHEET IO CERBEHETOEZIIIVEE
2720 CutZ oWV Tid 8Cu 23t LT 2Na®Ar DEFEI RO LN 70, BCu TEE L7 T/, BHAEKIC
DVTiE, BFRELEEEE ICP BEDESTEIZLDGWER»S ICPMS KIBMEFNELWI L4
Bl I72, BHATOBBRESEOBREIIILE 0.45um DL VI —A7 57— MNEDABIZOWVTHIE
L7

(2) IC/ICPANS iZ & B  EDFEERI 4R

AF 0 b CeEILEYETLFRLRILISB LD, A4 70w b ICPAMS 254 L7 MCE
BEBZEILY, LEDOBRENSHFELRET Lz, As(M) icxt T 5 thoBED v ERBLW 1 4 » D
ErBILOEAO O M EGERF LR, UTOLEMIZE - T As(I), DMAA, 3E1LH A A &~
HROPBEL -7, As(V)DFEENTEE T o 720 EAERIZ 3mM (NH) 00, 2 Fv>. pH 6.0 IZFA%EL. 7 5
LPE 0.5ml/nin TH L7z SBES J 213 ExcelPak ICS-A23 # B\, BE 40T T, ICPMSIZF 1L 7 MiC
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JUOATA=2TITAF =% N LTER L, EEEOLHEIL ICPM Twzls DAA Ly 2F=5) 7L
THH L7,

(3) Bty A F >, HlEEA A v, BIUTOC O

EAAFY C)BIUMEBEAA (S0 )id4 Ay rua~x b5 74— (IC-70000 AT+ T4 A
MY AF L) Lo THIEL, T0OC(Total Organic Carbon) 12 & B #REEH (TOC500. BEIZL > THEL 7

3. R
L BHRAFHIZEIATVWAIEEEOMEIL
BHATOEEBOBE, ARELBOIBRE., 1B1LW 1+ . KEEA A4 . TOC DiRME, NTR7250. NTR7410
BEC X BFHIEERB L UTESIO JEIZ L B 3.5 A IREBH AT 222 BOMIEE T Table 3 ITR LIz, 7272
L. BRI EABREEOERERIESBIBEIN T 28 TEFE L
BHAPRIIZEL A 4+ RS, BB A RSB LU TIC AL EFN T/, NTR7250 & NTR7410
2k BB A L OMEIEEIE 12.8%,3.5%TH D, BOLAHFORBRIN PR YANSo72s TH
X, REROEHEESH0.24Pa DEETH Y, AHROBEEORUERENERECE-2THY, T4, B
KOBEGHFECOEOHEICLAHLFMRINEL o btBbhd, HEEA+ VIS4 > TH
D, F/ HBETHEAWA 4 VICHAHEE LR TV EZEZ SN, NTR7250 & NTR7410 (2 & 2 ik 4 ~ O/
TG FNEFNT78%,9.3% Tdh 72, TOC &, NTR7250 & NTR7410 42 X A FRiEZIZF N £ 0 70.4%, 26.2%T
Botr, BREAFOTIC PERSIR7 I VHOERBRSTHILEZ LN, FFH1 XAPEGAF 2 E
LU i REVOREENEMMGA A X O RESRo L EAOND, 72, BIWA 4 VB IUR
EeA kOB ERTESROMLERREBT AT Ao, LA L, BEEEBHO - TREEOMHEILE
Ao 720 NTR7250 BEOWBETIZ, 704, gk, . B, A X, S EOHEFENBEGR 005EB R
TVLDIA L TRRIIY ThE 2272,

Table 3.The concentration of metals in the leachete

and the rejection of them by nanofiltration membrane.

Concentration of | Concentration of Rejection of Rejection of R ¢ £ metal
total metals 1n | dissolved metals | dissolved metals in | dissolved metals 1n EJscll(t)ndol mehats
[eacheate 1n leachate leachate by leachate by n ll) uEglo(i/a(): cte
(pg/L) (ng/L) NTR7250 (%) NTR7410(%) Y °
Cr 350 300 92.5 69.9 98.1
Fe 1100 990 90.9 81.6 92.4
Cu 118 100 93.1 87.0 94.6
n 50 42 92.6 73.3 94.9
As 12 10 74.6 15.2 87.0
Sn 80 70 97.3 80.1 99.0
Pb 13 11 93.4 87.7 98.8
Cl- 3000000 12.8 3.5 95.1
S0,% 150000 78.0 9.3 99.9
TOC 350000 70.4 26.2 91.7

3.2 ES10 12 & 2 /MR A D 5 BEER

EEBEOALLTRAL YR TOC RSLETH 0B LEOMBIEREAR LA, LA L, eRRBHOELR
BCHARTHIEEA RS o7, 704, $, W, B, AL, SR EOBERFBBOR 92%EBA TS
DIZxF LT FiL 87%E 2070
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3.3 T KB MIC B S ES10 12 & B L EREEGI L

CEOHIEEFPMOEBIERBEVWI EBDEL Db/, FOBEY S OIHARL - OBEBLT R
BEHEER L. pHICK AL ZEREOEERORMEF#EL (s pHEELSEHEDOLENETE
DES10 12 & HTHIEEFEEIL % Figure 2~Figure 4 IR L7z, F72, 8L A 4 B L UHEE A/ 4 @ ES10
12X BAPHIESEMEICRE L Tid Figure 5 1R L7z,

100 ¢ 100 p .__‘——.——-——.
80 [ 80 ¢
3\:, 60 ¢ § 60 b
2 #
13
% 40 b g 40 ¢
4
2P 20
0 s A N N N " 0 A " a . )
0 2 4 6 8 10 12 0 2 4 6 8 10 12
pH pH
Figure 2 Effect of solution pH on the rejection of Figure 3. Effect of solution pH on the rejection of
arsenite by nanofiltration membrane ES10 DMAA by nanofittration memebrane ES10
100 100 W "
H—..————.
8 p 80
[ 3
Let ;t/ 60 b
s S
g 3
o H
2 a0t 240 ¢ '
Che 2 CI-
20 20
0 A " A A " N 0 o A A o
o 2 4 6 8 10 1 o 2z 4 8 B0
pH pi
Figure 4. Effect of solution pH on the rejection of Figure 5. Effect of solution pH on the rejection
arsenate by nanofiltration memebrane ES10 of O, 3042- by nanofiltration memebrane ES10
(DAs(I) D FEIE

ES10 42X % As(I) DRBIEE % Figure 2 (2R L7z As(IN) DRHIEEIE, pH3, pHS Tid# 50%TH b, pH?
Tid# 58% TH B, LA L, pHI0 Tid As (M) OFIEFHH 89% TH 1 . o> pH FHIR L ) HBWIZE WV
EFEERLA, SHUd, As(M)id pK, #59.1 TH Y, pH ARV & ZHIZid A F ¥ Tid kv HAsO, D TH
ET 5, pHY.1 DETR—MEORAF > HASO, OBFFELFEREREL £ 5720, ES10 12k 2 HIERFE
ol ExbNb,

(2) DMAA 33 X UF As(V) DRI

pHZEMLIZH5B1F 2 ES10 ¢ & 2 DMAA 35 & UN As (V) DTRIEE % Figure 3. Figure 4 IZ/R L7z. DMAA DPEIEER
i3 pH3~pHI0 12 BT 98% A L TH 0 As(V) DRLIE 3 pH3~pHI0 D&FH TIZIT 93% T o 72pH3~pH10
B S DM B XU A (V) OBIERIE As (D DRIER L D Eh o7z,
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(N EALY 1 F B X UBERE A F > DL
CELFABICRERPIIETA TV AEM A4 B L UBEE A 4+~ OBIE®E% Figure 5 2R L7z, 381k
MAF 2 (Cl) i pH3 CIXFRIEEAH 60% DR R EVHIEE LR T%, pHS LLETIE 98% LLED &V RRIE®E
R L7ze F70. WREEA (S0 ) e TR pH&EEIZ B W TR 98l L B2 o 72,

4. EE

4.1 BEBOEH A+ VT D 0BEEK

AL TE2EEEBEOHAKSD, BEHOREL, TLOLDOKDPDERER ST THLT M 74,
AT b, B4 A, HEEAA 2 EIREBETAL, BOTHETHLI LML, FRNLOEEAF
COMIEFEEIEEERAF OMIEFHICEEY 5222 L1EdoTh, FEEEA 4 v OBFEAENEOH
BEARIIEETIREEIBOTNEVEEILNE, DF 0 B 4 ¥ ORILFEAER I h UL,
FIOLEBEOMIEEMTMAZ LN TELTRESDH 2,

BHAPIZIIE A F v, TOC FBBETHEL. ThoonBEMREEAENRS A+ YR, HHEY
OMIEEEERERTELELAOND, #IT, PEHEMEZAVCTEAETNORIILLIEERHEOHELEEZ N
SOREMLWEOBERL L, BEOBRELBRTAIZLIIL, TAFRDBEIIET AREKDPIC
HEINTVLELEH. BPA Ay BLUTC RSO EBED L THABERDOL S CERT b

ELE | 0FEF (B4R | DABBPOBRE/ELRE | OFRKBRDDERE]

a

B A 4 v OBEAR Rt A 4 v D 5@ F OBRE/IRLY 1+ » DFEAKE R OBRE]

1

E4RB i OEAX (BB i D5BRTOBE/ELE | ORKBRTORE]
B, = =
TOC » & BE [TOC o 2B H DIREE/TOC D BB DR EE]

a \BREVWEVWIZ LI, Z2DEBAFETINEBLRTVEVIZLTHY, b L. HERLBOE
BrERLTELLL BI@LP»0BMBEL MDA A YL IFoT0wELERDLI LN TE 2,

KHAETCEMENRLZLZEEANF / BB H 7. NTR7410 OFZ i3 Polysulfonate T& b, NTR7250
DB X Polyvinyl Alcohol/Polyamid T %, F7:. ®IHIEZTETH 5 ESI0 (M E A% Aromatic Polyamid
Thb, HL2D+ 7 5B NTR7250. NTR7410, ES10) 12817 2B A 4+ v B LU TOC OMHIER I T L E
SEHE(ros, %, W, T, vE AL, MOPERER(a . B ,) % Figure 6~Figure 7TIZR L7,

10 10

- 0

b g 1

2 1 3

& 5

] 3

o

< §

% E 01

£ 01 g —— Bi(NTR7250)

8 —e— «(NTR7250) 3 —&— Bi(NTR7410)
—8— ai(NTR7410) —&— Bi(ES10)
—&— ai(ES10)

001 oot

& Fe Cu 2Zn As Sn Pb Cr Fe Cu Zn As  Sn Pb

Figure 6 Comparison of separation coefficients of
metals to chloride ion with NTR7250,NTR7410 and
ES10 membranes

Figure 7 Comparison of separation coefficients
of metals to TOC with NTR7250,NTR7410,and
ES10 membranes
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Figure 6, Figure 7 £ b, NTR7250, NTR7410 TIZ£BOFEEHKII1UT TH Y., £B13E/IDA I v &
503 TOC AL HELEB LI VI ERbrb, —F, ESI0 X, WHEBFEZ RS LA+ RS~
DIEERFEOLETHL WA, €BII2WTORIERIZENIZE NTR7250, NIR7410 1ZH~EEL TV
Wit EEROEA & LT ASBRBIEIE L o T,

NTR7250, NTR7410 B X U ES10 (2B 5  EDOGHEERBMBMOESBHOSER BRI TRE P o7,
T, ZEHROBET T ENOSHERFMOBEEBEO BRI RTRKEL o/, THIZKRERTH
Wi HEESEN . AHOREEFRLZ L6, bERFNFROBEEZEALRL TV
RLTWA,

4.2 4% X DENMEBRE SRR
BHAPIZEINTVAELEEOREIIBEL»TIE 2 WA, kP TORENLEBOBERENA v L
LTDBERTEXEDLTNTIA—F — L LTAFA L DENEER(A)2ER, AF L OEMEERITA
FUBEBE Q. 14 ol (IzDBLT 7 3 7F-EHRE)0BERLRkD L, EEBA 4+ B L UL
WA A IZBTEENGERE(L)DEE Table 4 IR L7,

Table 4. Molar conductances A of various heavy metal ions at infinite dilution in water. '® (25TC)

Type of ions Molar conductances A *10*(Sm%/mol)
1/2 Cr02 85
1/3 Fe¥ 68.4
172 Cu® 53.6
1/2 In* 54.3
HAsO, 34
1/2 Pb* 69.5
Cl- 76.3

B A DENMEERE AL L, B4 AV OENMZERIINTLIEELE S 4~ OHEMHENME
BRE(A /A LRI IR ZRDL TR (e ) E DB %L Figure 8~Figure 9 IR L7z, £
MEBEREPKREVEEREAF U THIHIEILZDEEEA + v OSBRI S R BERF B LN, 7

L. FOHEBEHL,ATIIZV, EBOFAERELZHO ML, T/ 2BEFTOYEREETVEE X

LLBENDHS,
03 p As’ 3 "
0 T 4
= ;
%042 b i 2y
2 b Fe
3 *
© Fe c
s Kl
& Pb ’ < Zn Cr
g Gu g
» 2] Pb’ ¢
0 2 2 " N 2 2 o A A - A A 'y
0 02 04 06 08 1 1.2 0 02 04 06 08 1 1.2
Ai/Ao Ai/ 2o

Figure 8. Separation coefficient «, and

molar conductance rate A,/ A, of heavy metal ions to
chioride ion on the rejection of heavy metals by
nanofittration memebmae NTR7250

Figure 9.Separation coefficiert «, and

molar conductance rate A,/ A, of heavy metal ions to
chloride ion on the rejection of heavy metals by
nendfiltration memebmae ES10
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4.3 E ZOFETEER ML 4514

LEEELLAFHEE T RTEZCOAR. ERvRLAUFNON TV R, —fRIZ, FHEOLR
O T Tidffi# (Valence State) SMEORETREICHFET L, BELUEGTLREWEHO T CRES
12T, TAFMEERT, RIS, FHo®EV 3HOLAWIcR ) By, Table S IZZLED A F VA0
PRBEEME T . As(ID X, pK,=9.1 TH 1. pH A MEGTEHMTELHF- v, As(V)id pK,,=2.19 TH
D, pHHMEH TR IMEALL2MDOBEA 4 L UTHEET D, DMA 22V T H pH A& TtRAF VT
HHH, BUHEPEFICECLLEL1I7O by BHMLTHBAA 2B 3NTWAS T, As() 24
FUTREVWHEAERELTRTEY pH BT -/ 280X AHEFENEr 0728, A4V THEETAE
v pH #ERICATCIEEF/ 2B L 2 HIEESE 2 o7 —J, pH3~pHI0 2BV Tid, As(V)iEA #
YOBTHETAHOT, ESIOICEBHIEFENFFICAS(ID L0 EhofcbFELXLNE, L L. DMADEFE,
WEEXFZ2\V pH B TH-TIHVHLEREFRLAZEL O A AL VEIRE EMSHORELUIND
HAFiZLk>T DMAA DIHILENEL hodbDEBbRE, 2750, DFEF As(V) L DMAA THET S &
MEL S 126~142 TREIZ 2V, ESI0 12X 23R 4 A~ ORIEFEIME pH FHIICEL o703, KA
o pl(EBA) K pH BIZH D 9, pH 2 T2 LBEOFNEEIEL L0 L Bbh L, /2, M1
F U ThHLMEA L v OBEITIESI0 S L AHIERMNETOHEFETERMI A A L L0 E» o7, 2B,
BHAKDABEBRCTHORBEKECEREN I LEOINET o HR, BEKIIETNILENHI BL
LY EGLUE AS(V)DORETHLZ LARENL, As(VI)EHADEDIZT VL /7 XT 4~ (AsBe), X
FT7NY  EEMAL), As( B LU DMAA £ Th o7z, Lo T, BHAKDSBERTLZOMEI B
BhoBHE LTI, As(V)UADHEEROEEFEROLZVFRBKPIZETINE LI EILNS,

Table 5. Chemical characteristics of arsenic compounds.

cgrflzsﬁrilgs Ionization step Equilibrit;r;aconstant, Molecular weight
1 9.1
H,As0, 2 12.1 ArsenitefAs(II)]:126
3 13.4
1 2.19
H,As0, 2 6.94 Arsenate[As(V)]:142
3 11.50
(CH;) ,AsOH 1 6.2 DMAA: 138

=5
5. %5

T/ BRI EZEBBEOMIESE LR, BHAPIIE A+ >, B4 AL, TOC TREND
EBUHFLEIIEINDGN, TNOOBEKOEELEBEYEOHILEFELINVESRD T/ 58BRICL5H
EERE S ol T, BHABIIEINATVIHEADESEOMIEEEZIEW A+ ¥ 5 52 TOC (24
TEOMEROBTEE L, +/ 2BEOFN, AHOBRERIrPHLL T, EBOBHIIEUL TH D,
BIeEOBRIEWA 4 Y BIUTC 0T 2 7HERFMOESBEOFEFREICHAKRE L, vEWELY
EZBLRTVI LA bhol, CEOHERIMBEVERLHALHICTE20, L EOLEREN ORI
ATz, As(), As(V)B XU DMAA IZ D W THERISH 21TV, £NODF / ABEIC L 2HIL4EE %
AR, As(IIZPWTRA A OB THEEST S pH SFATHEILFENE» 0245, 4142 TlRiEwE
THHET S pH FHEATIREIEEISED o7, As(V) DAL, pH3~pHI0 O#ETEEIZA 4+ VOB THERE
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Th7z0, HIEEFE»o7, LAl DMMAIZA A+ > Clda v pHEERIZH > THEMEIEEFRL, BEE
BEDMLrOHEEADSBIEREFEL hofbDLbEZLNS, —F, BHEKOSBEBTLEOHRL
FEPEA o 2BRE LTE, As(V)BAOIEFEO R LER O e @K PICE TN 2 & EI LR
b

I AW, UEMA R EMRR ERITR (B) (209450196 [{EEEE: - XFEWEFHLET TOF/ HBED
TR - WEBEBEORY (LAFKR) ] B X UEIFE (409750634 [HRERZ H V712 BEYLDE
REKDLEIZB T AHEYWEDOHELL S RABEOER (HEKER) ] OWHMEZT T4 TH 5,

5% Lk
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