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Abstract Long-term landfill storage of chrome-containing sludge may cause pollution risks to the
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surrounding environment. Tanning sludge contains abundant colloidal substances and humic acid.
Studies have shown that humic acid can affect the co-transport of colloid and Cr(VI) in porous media
through adsorption and electrostatic interaction, causing Cr(VI) transport to deep underground
environment. However, the effect of coexisting substances such as hematite (Hem) colloids in
tannery sludge on the transport of Cr(Vl) remains unclear. In this study, the characteristic
components (Hem colloids and humic acid (HA)) in tannery sludge were selected to simulate the
effects of HA and Cr(VI) concentration on the stability and transport behavior of Hem colloids under
acidic conditions through adsorption and column transport experiments, exploring the environmental
risk of Cr(VI)-Hem colloids co-transporting. The results showed that the maximum adsorption of
Cr(VI) by Hem colloids was 2.72 mg-g'; the higher the concentration of Cr(VI), the more obvious
the aggregation of Hem colloids. However, HA effectively inhibited the aggregation of Cr(VI)-Hem
colloid, therefore increased their penetration in quartz sand columns and enhanced the transport
capacity of Hem colloids carrying Cr(VI). The co-transport mechanisms of Cr(VI), Hem colloids and
HA in binary and ternary systems were comprehensively revealed by evaluating the evolution of zeta
potential and particle size of the column effluent as well as DLVO theoretical calculations. The
results will provide theoretical support to evaluate the risk of Cr(VI) transport being carried by Hem
colloids in tannery sludge under the real-life situation.

Keywords Hem colloids, Cr(VI), pH, saturated porous media, transport.
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W] Cr 23T L5 1 ) U2 M T 85232 8, 08 10 X6 &) i B 5 3 i v e XU gk T, [ At o i s
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SRSV R 5 bR KM T K IR 75 e, B R R (A A S 4
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BT LS il 5 PR TE . Hem KM A HLTTE B A Rp 1, J0 0 I B HE S 36 FAE TE RS S 6, 5
5t Cr( VD) 7E Hem JIZ {4 - (4 W B ML ) B #E 22 FL A o P B2 A2 47 . 26 F DLVO Hig, #8858 Cr( VD) |
HA . Hem £ —JCHI = JCAR 2 03 [R] 32 B ML 1o UK A 0 O TR A B A o 2 75 U2 35 Hem JEE AR AN
Cr(VD) P [Rliz #% i e B i Keah, -t oAy il 5 375 98 vh 75 e ) B i S oAk Al

1 #MRL5 7 (Materials and methods)

1.1 Cr(VI) I HA %45 W 1 4%

Cr( VD) i £ W B9 FE - FREL 0.0707 g B 4% R 41 (K,Crpy05, KT K AL 2250 1), 4 Fi 8 4l 7k
(DW, 18 MQ, Milli-Q) il £ ¥ i g 100 mg-L™" 19 Cr( VI) fif 45 . #F Cr( VI) il 45 MR BE 2 0.25. 0.5, 1,
3.5, 10 mg' L™

Hem Ji& {4 %) 1 £ . #R4% Schwertmann 1 Cornell® {1 45 M £k 77 s 4 5% Hem G4, ¥ 0.2 mol- L™
Fe(NO;3) 3-9H,O( L Bl T AE AL B e 40 A BRA WD WA 90 °C, Fifi 5 KK I A FIFER ZE 90 °C Y
1 mol-L™" /) KOH ¥ Al 1 mol-L™" fY) NaHCO, ( [E] 25 4 A4k 2=l A7 FRA 7)) 3, K5 TR & 5 I W %
HE T 90 C HHLRE T E IR 2 AL 48 h, BALJE VAR O JE BT B FR/NT 2 us-om ™, e Jm BHA TR
VR A58 S 1 AR R AT 8 1l R oK 45 .

HA i £ E 1 (5 2818708 0.02 g 19 HA (ML AR MR A BRS 5 Bk 5 # % ab 3,
A 1 mol'L™" i) NaOH ¥ fifi HA [ AR SSURL 70 70 %5 %, 7581 200 mg-L ' 9 HA %, 3 0.22 um PTFE Ji§
FEE DA 25 R AR VS A A JOURE, 45 51 HA BT, K HA 20 MU B8 AR DI % 3 0F T4 C 600 F i
FEARAF. TSI 4 T A2 2 R 4 M 4.

1.2 RS

T 15 mL i OE P INALT S WA 1 mmol-L™' %) NaCl % W A1 &~ 20 mg-L™" 458 75 7 By
AT Hem A & Finr b 48 = 4 1l 5t 35 U8 3k 3 18 09 w0 R A, 6 05 e i pH oy 4—5U, (R ik, i
0.01 mol-L™" % HC1 ¥ pH ¥ % 5. BfiJ5 I AR BE () Cr( V) (0.25, 0.5, 1.3, 5. 10mg- L), ¥4k 2 h
Jei B R B TR 0.22 pm PTFE I8 A5 25 Bk Hem AR RIURE, M5 35 iy Cr( VD AV . 00 &
3AEE. RIS HAFAAE T, Cr( VI 7E Hem AR _E AW M RE, ERIRIGAE A Cr( VD) I Z /i, 5
FIA 0.25 mg-L™' 19 HA, He ki 4 A5,

1.3 FEsL

7 0.01 mol-L™' A HCI ¥ ks — 5 He 19 Hem AR PRI pH (E I 2 5, KIAHE R 15 min {81 H:
FEA 5 SR IE IO A — AR B Cr( VD) i 2 AT 1 mmol- L' Y NaCl %5 W, Pt it — & 1R A &
TF IR T A0 KR BE A I 30 min N A 30 sTIGE 1R, BRI AR E 2AEE . BRI
Hem Ji& A i 4% B 4 20 mg- L™, Cr( VD #4391 4 0.5, 1. 3. 5, 10, 15, 20 mg-L™". N 5% HA 7716 i}
Cr( VD) % Hem AR @ PRS2, _ERIRIETE N A Cr( VD I Z A, JEhnA 0.25 mg- L™ (4 HA [
10 min, BRI AZE.

1.4 FEEREIK

4 2 mol- L™ (1) HCL I3 Tk 22 B A b CRiAs: 425—600 pm) 7% [ B A LY . BRiiR £k LA K 4 & Ak
WAL IR, VB A R B PR RAE 2 pS-om ™! LUR. BEIEAS 5256 B FH B S M M AN BB A RE (PN 422 2.6 cm,
12,6 em), BPAEA TR 1.46—1.52 g-em . 3R 5 P IR A3 sh 0 1a) Sk R L L 358 i 80 A I R
i 1 mL-min™', 0% 5 min W04 H IR AR 58 S8 0T UL A6 BE VTR R 8 B AR

Horp, 5 Cr(VI) B Hem B3 A R A BC 40 R« 9895 Hem MR B IR pH o~ 5, K IINA— &
TR Cr( VD& (F% 1) A1 1 mmol-L™' /Y NaCl %, SCH %8 2 ME K. WIRIT HA FAAERT Cr( VD)
X Hem BEARFR & MR Z M, FE A Cr(VD W Z 1T, S A 0.25 mg-L™ 9 HA i 10 min, H A5
SRR (1) AR S TR LA, B AN S5 B T (0 4 S b 28 26350 0 i 12 405 000 58 A B> v i
() Hem Fi A B
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Table 1 Column experiment conditions

HAWE/ (mg-L™) Hem¥€ ¥/ (mg-L™") Cr(VD ¥R/ (mg'L™") NaCl¥&J#/ (mmol-L™") FLBREE

HA concentration Hem concentration Cr(VI) concentration pH NaCl concentration Porosity
— 20 0 5 1 0.47
— 20 0.25 5 1 0.47
— 20 5 5 1 0.49
— 20 10 5 1 0.47
0.25 20 0.25 5 1 0.46
0.25 20 5 5 1 0.47
0.25 20 10 5 1 0.48

1.5 DLVO Higil#
JRE A AE AN ) FL A SOV T T PR B AR | Zeta(8) L Ef 44 K E B 43 ( Zetasizer Nano ZS90, 5 /K 3,
B MK, W45 R T DLVO #6615, DLVO BE B EAE I BE (DpLyo) AL FEES ] J134hE
(Dyqw) G R JZE 1 GE (Dg) (A 1P, 24 DLVO S HEE M IERE, BERH BRI R 11 K F 51 01, 288
LN I D NG A
Dpryo(h)=Paw(h) + Py (h) (D
K FHER-BRABE AT S5 AR 0 i (A UKL 22 1] (1) 348 (A 2K (2) 1 (3) ), SR SR - A AT AR k™ e Ak
Hageabz apy#ag (AR (4)F(5)).
2R? 2R | H@R+H)

A

czdeW(h)__E[H(4R+H)+(2R+H)2 T ORTHY 2

KT\
Dy(h) = 32’IESR(;) yiexp (—xh) 3

_ AR[, 532k L

Puaw(h) = =g 1=-— ln(l " 532m )] @

kT
Dy(h) = 641118R(;) 7,7,€Xp(—Kh) (5

2. 4 S Hamaker % 80()) 5 R RN BEAREAE (m) 5 b 267 B A ORI AR A 5t 2 18] ) #E 25 (m) 5 H 6o
JRAR IR AR B2 [ B FE 25 (m) , 2o TR TEFEFRHE K E (m) 5 ¢ FRWAHBI A EE(C V' 'm™), £ KR
IRZE 2 E (K T RN WAL R (K5 v BB TN A e FoR L FHM (C); « FREFKER
I (™) 5y By, 5300 F R AR B A RN A Db i ZR TR FL 3 (V) 129,

TURCRLAR AN ¢ R B AL T e (AR Ok AR e AR B e AR e M mT LA 3k A A BLAE DR 22 [B) 9 i
L HESF ) FREAE AL 5 | 7 6 S AT AR DA . IS AR R Y R 1 B R T L it 3 &a P

2 ZE - 54718 (Results and discussion)

2.1 Hem JBAARFN Cr(VI) Z 8] () AH EAE H

FRPE AT, BfiE Cr( VD) #1463 FE N 0.25 mg- L™ #4nE] 10 mg-L", Hem BT Cr( VI) B W% B} &
B TR 1), SR N 2.72 mg-g . Hem JIRAARXT Cr( VD) (0% BHAILHI 5 BRI T — & A7
B 78 pH=5 5/ MAEZE R MY HY, {45 Hem WA 11 /55 B2 BT -4k 1M b A Cr( V) F2ZE DL HCrO, 1
Dig Cr072 TEXAFAERY, 7 1 HL Y Hem AR HCrO, 77 A= 3 20 A4 i B W 5 [ 2, AT A Hem G {4
RIS Cr( VD) B iy W i E ).

4 AR 2R A I HA J, Hem AR AR Cr( VI B IR i B Cr( VI 0 46 e 5 1 138 R T
HAR, 5 AR HA () Hem BEARAR L, ZEARTR] Cr( VD R ER M BE T, BU R HA (9 Hem BEAARXT Cr( V)
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F0 ¢ B TR (I 1) HA R LR PR A BILE 20 B AT o A B TR P RE AT, 3l ol 6 FL A ), HA X
Cr(VD) B 5 B A AR 58 1) 25 45 AE J7 0, 1 HOOH™ 4 2 it B oA AR g g 26 A0 7 B0, PRI, HA ] L B 7
Hem JIEIARZ 1T, P72 Hem M 2 IRFE : —J7 100 5 4% Hem 1AM B A, M5 Cr( VI IE BG4
W AL s 55— 5 T, HA i35 Hem AR BN A7 f5 25 5 0028 T Hem Ji 1A 1 8 H P S0 2 17 37 45
55 CrO,7 22 8] B i Fi A1 38 . A DUTE A58 bt e B 1 28 (LML : HA X 8™ e B Cr (VD) B A7 1
il FHE; HA FR R B 28 5 M3t Cr( V) B W BE R C/Fe U238 B 38 I Fae R s 6 R - i FR 1 2%
A PxF CrO VL) 52 BT ek 105 BT 3o 32 B 08 A0R i [ P A B, I ELAZ B RPRERT Cr( VI Frg I B 0 760 0%
A 5 A BB B s b 5 AR P, LT L A0 AT, HA BUAEFE AR T Hem AR Cr( VD) B
B, fei i B9 A Cr( VD) B8 7k BE RS .
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[ pH=5, HA=0
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220}
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Bl 1 Hem BAATEAIR] Cr(VI) W 4GV B W X Cr( V) R B
Fig.1 Adsorption amount of Cr( VI) on Hem colloid at different concentrations of Cr( VI)

2.2 Hem JBA&AN Cr(VI) 1R 47>

£ 1 mmol-L™" NaCl AW, Hem B A A ] B2 9 Cr( VI 3 W Hh /K A3 R0 AR Bl I 9] B 22 A6 B 4] 2
i,

1200r (@) m0.5mgL'Cy(VI) & 10mg-L™Cr(VI) 251 (b)
o lmgL™'Cr(VI)  © 15mgL ' Cr(VI) )

s 1000 A 3mg-L71Cr(VI) * 20 mg-L™! Cr(VI) 20k d
£ v 5 mg-L7' Cr(VI) * >
N * g
7 800 5
() § 15+ @
3 E o
é 600 g
=] S 10
£ 400 S b
S &
= 20008 5P

0 I 1 1 1 1 1 1 1 1 oL 1 1 1 1

0 200 400 600 800 1000 1200 1400 1600 1800 0 5 10 15 20
tls Initial concentration of Cr(VI)/(mg-L™")

40 - (c)

DLVO interaction potential energy/kT

¥ ’
20} Lf 7y —05mgLlCrvD
A — =1mgLtCr(VI) . . .3mgL'Cr(V)
il — - SmgL'Cr(VI) e 10 mg-L™! Cr(VI)
—40 + T --- 15mg-L7ICr(VI) w20 mg-L! Cr(VI)
_" | 1 1 1 1 J
0 5 10 15 20 25 30

Interparticle distance/nm
2 Hem BARTEARRIMEE Cr(VI) T/KEHi4E(a), zeta L (b) Al DLVO FEEK (¢) B84k
Fig.2 Hydration particle size(a), zeta potential (b), and DLVO interaction potential energy (¢) of Hem colloids at different

concentration of Cr ( V)



3850 7N 54 1t 2 43 %

2 Cr( VD) Mk <1 mg L' B}, Hem BAKIK 7K SR A2 BERS [R] AR A6 AN K, R BHZHE T Hem JBEA
A F AR RAS . B Cr( V) IR 4k 238 K, Hem M4 A 7K 5 R A8 358 I 118 3 256 740 i 184 O, e Pk
R 55 . 3X 5 Hem AR HL 3 BE Cr( VD) Wk B A2 {3 — 3 (8] 2b), BP: Fifig Cr( VD) W B 2 1) 328 ¥ 1
K, HZ K Cr,O7 Fl HCrO, W f 2] Hem e 14 187, ot 45 I A4 (1% 2 1T 1F FL far 9 rh 815 oK W B 31 Hem R
b B SR R AR B T S RV R P 2 R 4 Hem AR 2. R zeta HEL#5GZ T [, Hem AR SR
A1 HL B2 X B S /N, FE R Cr( VD) ¥ B %) 385 R0 8 07, I A4 ok 8] 1% B R HE R #2232 3 [ AIG
(1 2¢), JEHAR ] T8, AR B PR AR e T R IR, RS S, AR M 2544 T, Cr( V) MR B (R 3% Jin
fEVET Hem IR R EE.

5 Cr(VI)-Hem % 77 WA 22 4H H, HA-Cr( VI) -Hem & 77 VR AK & A7 119 Hem JiE K 58 N2 2 . 76 A IA)
Cr( VD) ¥R EES, Hem B A 7K G b 428 e A7 Bt R 1] 2 28 B I AR Ak (18] 3a) . BUWG B HA 5, BE& Cr( VD)
BEM 0.25 mg- L™ B A% 10 mg-L™', Hem AR Y HEL #2235 mV FEAKE]-27.43 mV (5] 3b), X A] fiEj2
i F Cr,0,* F1 HCrO, W Fff 21 T Hem AR 1H . 5K Hem A4 1) L 3B Cr( VD) ¥ B35 iz i T 1%, (5
JEIE 3a i s HOR SRR I ARKE Cr( VD) e BEXE NN /), 3X AT /2 i T HA X Hem AR BATER A 43
HEH, Hem AR A2 O 28R B 5/, SN HL 57 AR Fh i B AN J2 DA Hem AR IK B R0 AR E— 25 /).

260l @ m025mgLt -1 ®)
- 25mg-L7 Cr(VI) @ 0.5mg-L™ Cr(VI)
* 1 mg-L™" Cr(VI) ¥ 3mgL ' Cr(VI) -2
" ¢ 5mg-L™' Cr(VI) A 10 mg-L7' Cr(VI) %‘
g
< >
5220 £ ol @
o =
2 200 E
g g EIJ
b=} 8
2 L -26
180 N
g %
s
jas}
160 %
28+
140 1 i | 1 1 1 1 1 1 1 ] 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 0 2 4 6 8 10
t/s Initial concentration of Cr(VI)/(mg-L™")

3 WMt HA 5 Hem BARTEARRIRE Cr( VD) T EAARIK ARiAE (a) Al zeta HLH(b)
Fig.3 Hydration particle size (a) and zeta potential (b) of Hem colloid after pre-adsorption of HA at different concentrations
of Cr(VI)

2.3 Hem &Y Cr(VD 7R A Z LA h S AT

DL AR FLBRAR L (PV) A AR bk, TR P Hem B IRVE BE € 5 AR Hem BEARME C) 1Y
HWAE CICy AR, Zeiil 283 M4k (18] 4a) . G5 R 3RWA, 3 A0 Cr( VD) MR EE TR, 78 I, 34 R4 51
Hem A, DL i 40 A B (f3 S mD (0 07 5 15 25 A K 1A ARG 7 ) S AR bR, Hem JE 4R 14 AH X s B4
(N/N) Sy i A A 22 1 i B it 28 (1R 4ce) . R4S Hem BRI ARAE A7 S mbAE e A VR B9 A 1 B3, JEBE 5 1R
JE (R B4 BT T . Hem AR AN Cr( VD) 4845 J5 8175 Hem JRE AR BRI AR 3G, zeta o A7 FRAR ELAS 1F HL A7, 5
B R A A0 DEAD e A R L 5, 0K A5 B Z2 19 Hem R4k W FFHA B2 76 43 P04 vh 0%, Hem 1A S
ABERD 2 1) (8 B R HE 7 34 22 T 2 (I de), g e Pk B ARt 0t — 2D AR 0 Hem (A 7E A7 B Hh B 25 i
F, B RS RE s . I A S R I, DA v R AR A TR AR A 1 (82.9%—87.4% ) L UESE 13X — &5 8.

TS BT 0.25 mg- L' 9 HA J&, Bl# Cr( VDM 0.25 mg L' #4 /i1 % 10 mg-L ', Hem BRI 25 i
F 53.12% BN E 61.70%( & 4b), AT HER T Cr( VI) ¥ B8 8, Hem IR L il ffdk 22, H 504
Pelih 2 6] A 5 128 ROk, PR B 22 () Hem HGMARET H . Hem R zeta HERAR IR (5 2)3FSE T Lk
WL, B Bl Cr( VD) ¥ BE 38 i1, Hem SEAK K zeta B 3B 4 XHEIE . {H Cr( VD) HRE A 10 mg L A9 %
BRI S mg L B SR RN T 2.38%, HERAA T 2358 T1% pH 504 F I REAZIE ) 1 d5 KA,
FEFRE ST Cr( VD) BERS AR E T SE W B T HA 9 Hem IR IR AYIZF2. 24 Cr( VI) ¥ N 0.25 mg- L 4%
JNZE 10 mg L' B, Hem MR 5 4 S i (9 B KHE R #4542 DA 98.32 KT 34 K 31| 125.78 KT(5& 2, K] 41), Bk
MIHEFR #2518 T Hem BART ZA91E ) (] 4b).
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Yor @ Lo @
H=5,HA=0.25 mg-L"!
0sl pH=5HA=0 mg-L™! pH=, - Mg
® 0 mg-L™ Cr(VI) = g‘;g'L Cr(VD
0.6l ® 0.25 mg-L"L Cr(VI) ® 0.25mgls “CriVI)
o1 A 5mg-L7' Cr(VI) S A f(;ng-L 71Cr(VI)
S 04l v 10 mg-L™1 Cr(VI) S t v 10 mg:L™! Cr(VI)
02} I
0 [ R R s s sreey ey
0 2 4 6 8 6 8
Pore volume/PV Pore volume/PV
(c) (d)
1.0y e pH=5,HA=0 mg-L! 1.0 E ] pH=5HA=0.25 mg-L"!
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Fig.4 Breakthrough curves (a, b) and retention profiles (¢, d) of Hem colloids and DLVO interaction energy profiles

between Hem colloid and quartz sand (e, f) at different concentrations of Cr( VI)

F 2 ARIEE Cr( VD T Hem AR S A 9eib Z M%) DLVO g3 K is #5250 Hem A 19 B 3 (pH=5)
Table 2 DLVO interaction energy between Hem colloid and quartz sand at different concentrations of Cr( VI) and recovery
rates of hematite colloid in column experiments

HA/ Cr(VI)/ D/KT M/%
(mgL)  (mgL?) ~ PAmodmVoamVe T Do M My My
0 0 199+ 10 253+0.8 —-332+09 — — 1.5 87.4 88.8
0 0.25 213+ 17 23.6+0.8 —332+09 — — 1.7 86.0 87.7
0 5 207 £20 153+04 —-332+09 — — 1.3 82.9 84.2
0 10 202 +£27 145+05 -33.2+0.9 — — 1.4 85.2 86.6
0.25 0 203+ 10 -253+04 -332+09 109.0 —0.08 56.4 33.2 89.7
0.25 0.25 196 + 22 -224+05 -332+09 98.3 —0.08 53.1 29.7 82.9
0.25 5 188+ 9 -26.1+£0.7 -332+09 118.5 —0.08 59.3 26.7 86.0
0.25 10 207 +£31 —274+£06 -332+09 125.8 -0.08 61.7 23.0 84.7

Dy Hem BRI /K G RiAR s ChHemBER Y zetalf 3 (A A1 S0P 1 zeta 34 @y HemBefk 5 413 ieb 2 8] Y S AH ELAE T A, Horh
Do NI IHTFIZR, Diog IR BE: MO Hem B Bzt ISR, e My R AR Y SRR, M DL AR ST,
Mo 7 BB,

D is the hydrated particle size of Hem colloid. {'is the zeta potential of the Hem colloid. {; is the zeta potential of quartz sand. @ is the total
interaction potential energy between Hem colloid and quartz sand, of which @,,, is the maximum repulsive barrier, @,;,, is the secondary
potential well; M is the mass recovery rate of Hem colloid, where M. is the recovery rate of colloid in the outflow liquid, M, is the recovery
rate of colloid in the sand column, and M, is the total recovery rate.
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5 Cr(VI)-Hem & % (€] 4a. 4c. 4e) # Eb, 7EAH R ¥ BE Y Cr( VD) % H, HA-Cr( V1) -Hem £ V7 i
([ 4b, 4d. 4) 1 Hem IR ML BE I #0 & A TSR RE BE A 3 ot X R ] HA {2k T 2R5E P Hem 14
(B RS HE . I T Hfaf =2 ] B B 7 AH EAE FH A6, Cr( VD) -Hem T2 4 4 7] LAY/ Hem BEARTE 4 95 mb 36
AT P R A, 0E— 25 A1 1 Hem BARTE ZALA B 932 8, iX AT GBS Cr( VI {23 Hem M AARIT RS 1) 32 2241
il Z—. BRI, HA AT DR #F UCVD) 276 5 25 FIURCATE Hh (9328 B8 B9 U VD #E Z LA 5 (9 3 88 5 56
T, YA R UCVD) -7 AR, 38.8% Y UCVD) 1T LLSEad A JEmbHE; i A UV -
HA-= 08 A RERE, 73.7% 1 UCVD) BT RUSE R A Jeb i, S BI7E i e A R (AR HA L EIVE T T 8 45 v
T UV R shPER. i b HEWT, Cr(VI) -HA-Hem B 77K R 41, HA 7] DR HER R 1 Hem AR HEHS K
A Cr(OVID) AT BERFE P A 28 . ZESE PR b, by 0 A R v BILIR . Gl Rl B 5 00 ) A S fil
FH©, 3% 25 S 805 Vet b A a K AT iE A LS, NI T Hem B E Cr( V) 28 KU

3 2% (Conclusions)

A58 BT ERYE 554 T, HA X Hem EARIZR Cr( VD) FIZE W) B R (5200, FE2EE510 40T

1)Hem BEAARXS Cr( V) 4 W B 2t Bl Cr( VD) ¥ B 35 i3 fin, AR ) Co( VD IRV EE R, HA £ —
FRBE_LREAK T Hem BARXT Cr( V) (A .

2)Cr( VD) ¥ B2 34 A iF T Hem AR R AR, 1T HA W AEFEBEA B0 il Hem B4R 1) 2R 4, 34 n
Hem Ji 1A FURE A9 A2 PE.

3VTERRTE ST, Hem BEARMS IF HL, Fr A BARTE AT S b A h ¥ A 1, i HA 23 i Hem AKRTE
A S B A HE

B, FERRYE Cr( VD) V5 3 T IEIREE v, QSR - 38 v JL-F- 80 Al s PEA LB, 2575 ¢ Hem i
PR BRR] Cr( VD) 3285 KU 852 /05 11024 AT ¥ 1 A WIS K e A7 B, Hem B AA B[R] Cr( VI 3B B XURS: 35 5, XoF
Y37 J) i 1 A S PR A T A XU
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