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Abstract: Adsorption of Ct( VI) by nano iron manganese ( MnFe,O,) and the surface-catalyzed
hexavalent chromium (Cr( VI)) reduction by citric acid were tested together in this study. The
adsorption capacity-of MnFe,0, to Cr( VI) increased with reaction time, and reached equilibrium
gradually in the first five minutes, which fitted well to pseudo-second order kinetic model. The
adsorption capacity raised with loading amount of MnFe, O, on Attapugite ( ATP) increased. ATP-
FeMn14 had the largest adsorption capacity of 29.2 mg-g™', which could be described by Langmuir
and Freundlich equations. In the MnFe,0,-citrate system, pH was a critical factor to influence the
reduction rate of Cr ( VI). The reaction rate at pH 4.0 was significantly higher than that of the other
treatments. Moreover, the removal rate of Cr( VI) by MnFe,0, was significantly higher than that of

other materials studied under the same condition. These results suggested that MnFe, O, not only
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adsorb Cr( VI), but acted as catalyser to reduce Cr( VI) to Cr(IIl) by citrate. These findings were
helpful and could provide a costly strategy to remediate Cr( VI) contaminated soil and groundwater.

Keywords :iron manganese oxides, hexavalent chromium, catalytic reduction, attapulgite.
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1 #ES 1 ( Materials and/methods)

1.1 SEB MR A%

AR SC LA T 75 ) 4% 0 MR O AR R AR E IR AT (), T A R R R AR R TR
(1:2),iZH A NaOH A (2 mol=li") & pH {HIiEF] 11.0, KB IR GIATE 100 C ,FF8E 2 hi2 4
BEIR FHEE TP 230K, g2 4 T4, S MR

BRI R TR BAZREDE, 2K WHE (100 B ) AERERMT  fETCAK TP A R 1)
PIFAE 2 He( 1225004 ) BT 4 1 Fe, (SO, ), Al MnSO - H, 0, 3% A NaOH %% (2 mol - L") & pH
EIAH] 11.0, AR SR 100 C FF4E 2 hB HI B, A B TR 0PUE 2—3 WK g IR R T8,
B BT A I U R 1 TR R S AL MR 23 IiE A ATP-FeMn12  ATP-FeMn14.

1.2 MRk ik

pH {EXF 2 AR B Cr (VD) BRI 23 BIFREL 0.20 g AR T B0, A LL 0.01 mol - L™ NaNO,
SRR Cr( VD) ¥R (40 mg-1L™") 100.0 mlL. FH {352 i R al A7 el 725 80K: pH (B R 15 2 1—10.25 °C
150 r-min”" {3 F IR 30 min, I35 )5 F 0.22 pm SR8 | BT 150 g8 I 5 e b 7S O 85 vk | O
THA M R SR 45 2R L I pH (B 3.0 IR it oK U S g rh #4194 75 2 pH 3.0.

TR X 25 A4 R BFF Cor ( VI) 520 43531 AR B 0.10,0.20,0.30,0.40,0.50 ,0.60,0.80 g £ #4KHimA
100 mL L) 0.01 mol+L™" NaNO, A HL A4 Cr ( VI) %W (40 mg-L™" ,pH=3) ,7£ 25 °C 150 r-min~" {1 3f J&
TR 30 min, BRI PR 0.22 pm BRI UE , BTS2 DRI N 2 H R S % vk

W B 8l 7 22305 4 SBIFRE 0.20 ¢ MR BG4, IALL 0.01 mol - L™ NaNO, hy HL ARV 4 Cr( VD)
W (40 mg- L™, pH=3.0)100.0 mL.25 °C 150 r-min~' 3 F %% 30 min, 53 57E 2.5.10 15,20 40,
60 min FFFIERZY 5 mL AR 0.22 wm SRR U8, A o g e G b 7S AN 8 AV BB JF 1T

A o 46 T3 43 PR 0.20 g MR ESOAF AL 0.01 mol - L™ NaNO, hy LA 9 A [7] i B
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ByCr( VI) ¥ (0.2 .4.6.10,20 .40 80,160 200 mg-L™",pH=3)100.0 mL.25 °C ,150 r-min"" B3 & T &
¥ 30 min, ¥&3% 5 H 0.22 pum AT YE  IrAS o 8O e L SN ES R R R TSR
1.3 556 ik

pH {EX} MnFe,0, WA JE Cr( VI) HI52 0. FREL 0.08 ¢ MnFe,0, T 72 mL. 1 mmol - L™ ¥R EH %
W (pH=2.0.3.0.4.0.5.0) H" , #=3% 12h IRAIFEE ST, A 8mL A% 100 mg- L™ Cr( VI) B9 5 4% FR H1 5 UK.
fE0.1 .2 .3 .5.7.9.26.56 h W5l BEES .G a4 6B THE /3 5l 5 Ce (VI (Fe( 11) (Fe( ) /Y
We B RIS ZE R pH (-8 4.0 B, Cr( V) BRI S 22050 34 7E pH=4.0 4508 F 17

FrEEER U BEXT MnFe, 0, W[4 Cr( VI) IS0 FKE 0.08 ¢ MnFe,0, T/ [F] e B (A F78 BR BH 5
(0.2.0,4.0.6.0 mmol-L™" ,pH=4.0) 1, HA 340 EFrd 76 0.1.2.3.5.6 .9 .24 36,56 h i3 51| HURE 5
OJ5 M Ce(VI) (Fe( 1) (Fe (T A B 3006 25 S 3¢ W A R AU AR A1 A 30 DR A0 e A O e A R Wk B 1L
4 4.0 mmol-L7".

YR B MnFe,0, W AR Cr( V) 152043 BIFREL 3 FhAS [ 19 5 2k A kL 0.08 o) SRR 7Y 2R 10
AW (MgFe—layered double hydroxide, MgFe—LDH) | [M1™ ¥ 4 1 28 45 2k S 44K ( i He ATP; MnFe, 0, =
1:2) 41K MnFe,O,LDH, LA 4 mmol- L™ FrBREAVA MR (pH=4) 1, AL BRAN b TR AEPRT 0.1.2
3.5.6.9.24 36,56 h WA BURE 0 5, M Cr( V) (Fe( 11) Fe( 1) MM,

L4 A5 BB Sy B

VS pH I A3 rARA 5 , Cr (V) Ve B R 5k — ot Bl 2 , B Cr FH O -
WO PETEE RN SE | Fe V& J3E FH 2835 Wbk 43 S 1 I

— R Bl 1 RN R N AR S R S 5 R Bl RN A D B R R A (R ) B SR R I B
JI% e,

de

E == kobsc (1)
de
a S ko])scz (2)

A, €2 1 2SI R HHREE  mg- L~ gk JEFRBRNHE AR R AL, s B0 min™' 5o ZA7 S i),
MR P 255 R A A B8 [ 5 9 26 P, SRS IR B kT Y i o 2 1] 5 R oy ey

abC
Langmuir M fif 457 X . 9=, bfcp (3)
Freundlich W ff&5 R g, = KC"" ()

Kb, g S VAR B 258 (mgeg™ ) 5 €S2 BFT A IVA P BOR BE (mg - L7') 50,6, K, n SR 12K
2 R 5108 (Results and discussion)

2.1 BRERAEARTCr( VD) B BRHE
2.1.1 Wt sl e

[T A e b T AR IR A S5 H (RERRER RO RUBE LS 1 (AR IN AT ) BUZRES (= BE2R) ) BAT — e YRR
PERE, [FIES ATP HLAT M A AIRARAN, Hoor A ) A ik 2555 0 7R /K AL B P AR 2 2 BF 5 RS, A 3 78
(R B35 22— AEUR PR T R ARG T A = rp A5 4 22 I % 5, 7 B o [0 A 0 4 2 DA 3 L i o
PERE K TN R AR B ARk Bl 1 S B SR R R i 28 W B R e} 32 2 A A e ) 2 R 5 I g
FARAL B i et ik 2 — B, AR SCHEM IR S5 PR T, % FU AR5 T &5 bk B I8, — BE IS [ 5 % 7S 1 4k
RO 200 R, g SE 4% TR 5 U — SR 50 ) R R R — R 3l R S ( L ESOL R 1) b
6 2 BEFESF [ F 184 0, MinFe, O, FHESCHE ATP B4 BEXS Cr( VD) F9 W B 385 o, 72 02 B I5F 1] 0—5 min P, X
Cr( VD) Fo Rz o a2 T S8 0, B Js 2 P 338 o (A5 — 2 (9 J2& MinFe, 0, 76 5 min 22 47 35 3 W BFFSF- 4687, 17 141
e B R EUARATRIEE 10 min 2247 35 5 W B SF- . SRR TE 990K S A6 4% 5 min P IR A o Ay 5 G
80%"* , U1 ™y - A5 J A4 5 40 A 3 O s 300 W BRSP4 5 B2 8 ' e Ak e T i k) R RS i
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4 htP TR BCHE M A 3 B I BT T 20 min, PRIt DA B SRR M1 R - BN K A 4
A T T 0 ST A

FLUKCEE I e 3 4 ol o 4 R A 7R BRI 5 5 S0 HC X 6 1 R B 2 e K T A T 42 ), 7
IR BRI A0 1 28 S VR HT L B 1S B s A L T A SR B AT 368 75 1 85 ) B 2y B
B I AR Y LR T RURIAL B 7S U B EA T IR BT, 750 5 55 ATP R B FUHER TR RE AT Z A7
TEAE SN, B SRl S ARSS , AR 32 AE 5 1T MnFe, 0, S5 HAMBDREXS 75408 iy W B A2 b BE B A
Wy BRI RS , o HAT W B, ELAG W B o S, RISa s 7S s 5 2 6 MR TIT BA O B g
P 2 [ e R o SR IR BRS 7 A s RO IR R 10 5245 B RS B L A — i 1 EE R T ARURIFLBEE, X 7S A 4%
FR I Bt A7 2 BB O A .

m ATP U]k 4 v ATP-FeMn 12U " # £ i sk dkbm &Ik 12
® MiFe,0, 441k A ATP-FeMnl4[u] % 1 67 Sk ikbd &0k 1:4
18 50r B
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T2 -
§ 10 < 30 __.
?5 8 - 20 -
6 n
- |
4 10 [ ]
. W
0 | 0 1 | | | | 1
0 10 20 30 40 50 60
f/min

B 1 ARERPRERE S 8 R Bl T th £k
A W3 J1E WA BOMEZ R iz e
Fig.1 Adsorption kinetic curres.of Cr( VI) by various materials

A. Pseudo first order kinetic fittings” B. Pseudo second order kinetic fitting

e WSk U N U B IDTE = VeEe

Table 1 Fitted paraineters for the pseudo fitst and second kinetic equations for Cr ( VI) adsorption on various materials

WHE—2 8l 1 e W B 12 R
o Pseudo-first-order kinetic equation Pseudo-second-order kinetic equation
Materials B 1
q./(mgg™") ky R q./(mg-g™") ka R

ATP 1.304 0.106 0.9770 1.648 0.048 0.7447
MnFe, 0, 16.024 0.648 0.9995 16.284 0.179 0.9999
ATP-FeMn12 8.299 0.498 0.9618 8.883 0.112 0.9992
ATP-FeMnl4 8.557 0.829 0.9820 8.993 0.196 0.9998

2.1.2 WEHfHAEIR

TEAARIFE AN T, ATP ZES MR RIEE MR M 10 mg- L7 s (18 I B 8 28 L AR 38 380 JHG dgt o g o 5 o
TR B 25/ 200 1.23 mg - g™, JH 55 I W2 B 52 56 25 2R Langmuir W% BfF 45 98 =C 300 & 2 SR AR 47, A
Freundlich W iS5 R AU SRR $ 2% ; MnFe, O, FESHH S WA EE /N T 10 mg- L' B BE 100% 23 FRig
BIZSIES, SS I ER WD 4G MR FE S 80 mg + L I, JHC W ok 35 A 0k 3] e R Wi 5 4, e KW 225 2 20 Oy
29.21 mg-g™", FLAFE IR IR B S 3 45 5 ) Langmuir W 453 208006 38R ARG, Freundlich WY B 45 1 X4
BROREZE | JRT RS T IZ W  AR + f aRGOR B AL 2 A A B L ATP W i 25 i TE
KEAGEETE, W BRI () ATP-FeMn 14, o KR EE 5 5] 29.2 mg- ™', AUZ ATP 1 22 %, 12
T SCHR R GE A e — e b ORL Y W BRE 2 AR, G M i A R T B A 4 F O A U B A AR
5.6 mg-g 1" RALBCME IS PE R B WA 0.577 mg-g T IR, AR YRR G A Y 5 A AR I A
o P A BRI
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W ATP U] ¥ ATP-FeMn12[u] ™% 1 1k kAT 40 1A 12
@ MnFe,0 8kbi4fk A ATP-FeMn14[U] i + 57 Sk skbi ik 1:4

qe/(mg-g™")

0 " ST T —.. M S B 0 I . Y S S T
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

CJ(mg-L™h CJ(mg-Lh

B2 AR AR RS 4 0 W R 4R 2
A. Freundlich W B4R 0G5 B. Langmuir W55 005
Fig.2 Adsorption isotherms of Cr( VI) on various materials

A. Freundlich fitting; B. Langmuir fitting

K2 AFEIBRIER A4 B W45 TR U5 2

Table 2 Fitted parameters for the adsorption isotherm equations for Cr ( VI) /adsorption‘on various materials

Langmuir 77 72 Freundlich J5 72

angmuir equation reundlich equation
PR Langmuir equati Freundlich
Materials

a b R? K 1/n R

ATP 1.232 0.641 0.9900 0:698 0.131 0.7799
MnFe,0, 29.623 0.519 0.9946 11.956 0.196 0.8230
ATP-FeMn12 28.162 0.011 0.9795 0.858 0.606 0.9891
ATP-FeMnl4 23.514 0.132 0.8898 5.802 0.290 0.9912

2.1.3 pH I

VSR pH B2 5200 Cr (VD) MRS 22 A SO T ZE AN [R) 9 pH (B 451 T, AS R R RE X
N BT SR MnFe, O, FITCHE ATP #48H(BR MgFe—LDH ) 7£ pH3—4 2514 F X%t Cr( VI) 114 W - d5
1,24 pH {E/N T VB RIS, Cr( VD) AW BRHERE % pH B9 _EFH M3, 24 pH K FULiE FIEE, Cr( VI) A9
b g pH A9 LTI REAR. MnFe, O, B9 5 R W B 7F pH =4 AR R T S R0 16.9 mg-g™', &
ATP B85 R B 5.7 455 (1L 3 ) X PO TE R P 25 11, AP RE R T B T 7 0 1Y 4 Rk 1 IE
FL A, 8 2o 7 L ) VR R R B VR TP % Ce, OF AEBRME S5 1 T, I ASAEAE Lk e g, DRt S 3800 o o
TR Y pHL G ISE VAR R R O, S S0 R 7 2R T PR A A RO U, 145 Cr, OF XELLFE
W B 7R 1T, 573 I, R st JOHAS T g5 S50 Aok 2 T e 8 A At , DAL T ol 58 I 550 198 WA Ak 0 /D ST g
AR 4 R BH B TR, & AT 4 PHES T 2L H, nl D BRHZ 980 v 4 B S 1. 3 B8R R X S [R) A7 76 T
KT HCr( VD) BIER S AR, 2 pH (2l 3—4 I, Cr02 (HCrO; J2& F B TETEIE R, I I B A4 6k o 1)
4 8 PR B - 3 DG H SR A0 B, e B e
2.1.4  [EE L B2

MnFe,0, FIECHE ATP BREXT 75 M 4% 14 2% ik 23 B 136 YA L 1) 384 R e 388 ks 1748, X 5 SOk i —
] SR ATP ML, EARE A ARG AR N e ATP B2, (05 A AR S A % 14 25 Bk 3R 5
F ATP, Hrft ATP-FeMn14 X 7S B % 19 25 bR 3 de ey, RO 5 ¢ L' (& 4).

X FEAIF I 4 FRAS[RIC 0 10 e A 6 3R K 2k S AR 2 MR, B BT A - B Bk oK 2k
ALY G G AR TR TR 7SI B R AT R B BOR U R ATP-FeMn 14, J0X 7S 4 % ) W B A7
P gttty T B 2 i V1 ST 1 A NI4T ey v I o Ly = 1 = Sl 12
TR 8-FeOOH MR IR Y il 25 9N K BRI AE , HAR AL T2 R 9 mg- o' i TR IR SR R A2/ | L 3T
BRI, e A0 7 98 W B 570 262 1T AT LAJE B Fe (OH) 5 Fll FeO™ B¢ Mn (OH ) 5 MnO ™ W B rrC | mT LA i
5 HCx0; ,CrO3 Z[R)7™ Az 1E 0 iy 2 B RN 2 18 £ A5 FH LA SR B 7K BT r 8% 25 A W BEE 25 B ATP Ik
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K ATP-FeMn14 e KW 25 ik 5] 29.2 mg- g™ i@ TN £ (ATP) (1.23 mg-g™" ), R =0 R
0y PHLRE 56 2 A Ay A SRR B RN A2 W B A | E A 2R IR o S S AR R A T LA G T A Y
AR R SR SRR B, M K AL B A 25 T R 0 N i, R ORI R Mk A,
T H Y H R R, 7 HE 4 S W R A B R T o R R

22 - m ATP U] 1

@ MnFe,0, 8k 4 14 90
20F v ATP-FeMn 121"y +- 5 # 8k 41 12
18k A ATP-FeMn14[V] M £ 67 kb 4004 104 80 |
16 - .70 F
2
~ 14 + géo -
w0 12 2
o0 ‘s 50 -
E 10} =
2 g 40k m ATP U]+
8T E A ATP-FeMn L4141 ™ He 4 01 B kb Ak 104
6 30 F ® MnFe,0, gkt Uik
\ v ATP-FeMn 12U+ 7 #h 4k 41k 1:2
i 20 = = = a
s .—‘./.\.\./'\-/.\- ./'/._-—
F N [ S N S T T E— — ob— e
0 2 4 6 8 10 0 1 2 3 4 5 6 7 9
pH Ratio of solid to liquid/(g-L™")
3 pH {EDXS AN AA IR RS 75400 5 FO) R ) 4 [EIR LEXT A )RR B 7S 400 B B 2 )
Fig.3 Effect of pH on the Cr ( VI) adsorption Fig.4 Effect-of ratiorof solid to liquid on the Cr ( VI)
on various materials adsorption on various materials

2.2 BREREMAXTCr( V) I Aeis SR AR
2.2.1 W pH AU

pH (B 5 A A A AP G R Xt Cor (V) W B 3 D g 2 5 i PR 22— R TRV pHL X R S AR 1
AT RERR A S Cr (VD) B 45 SR AN &L 5 77 Bl 2 2 W I ] 1 A8, AR ] pHL Ab 3 e G ( VD) MR BE S W AR 11K
FEAE 24 h G AT REIRAS  We BE AR AU AN S8 35 A5 24 h S 7 st a] P, Y8890 R A A vl FE R W1 8, i B pH =4
S BFIALIE(76.5% ,66.2% ) BR324 5 T pH=2 F1 3 iAbHE(33.6% .37.7%) .

m pH=2
10 Y pH=3
L A pH=4
(T
= ¢

V¥ pH=5

Concentration of Cr(VI)/(mg-L")

B 5 pH {EX KA FERIR IR 2 v Cr (VD) ib )5 80 722 2 0

Fig.5 Effect of pH on the kinetics of Cr ( VI) reduction in manganese ferrite-citric acid system

AR S YW pH 4.0 BF, Cr( V) B9 22 BR8R i, 1% 5 AT ABFIE 45 5 —2, Brookshaw 251 fii Fi
SELA AR A A7 Gudk Mo (11) 76 pH (BN 4 F1 4.5 BRI T 38 Cr( VI ) B3, (H 2 RECRA
7. Sarkar 2 HFGE KB, Mn (1) B RS2 A AT LA R AL g AR SR Cr (VD) s AR Hh |, B TR R W 4R
pH (BT, Cr( VD) iR JRAZ AR, S499 pH 1A% 4.86 I, Cr( VD) 28 LBRFA L 70% . A 52 468
ERAAR IASRGE B pH (EN 4.0, A Cr( VT) £ BRZR & T Brookshaw 251 Y45 5 Sarkar 2517
SR LG, A S 50 0 % 25 B ot T 7y
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pH {E R 2—5 B, Bk AR AT RR A IR Cr (V1) A3, ANIE R — R Bl 12 R 2 — 8 )
SEOTRE, BN BE 1R WO pH (BN 4 I ROR RIS pH (BN 4 I, BRAR SR -AT A R-Cr (VI )
4 B A fe b, 9 B2 pH>4 8<d I SN HR BB W AR 2545 LU B R B, T S i 8l g 25 e vl
LA B AR AT A AU (R 3)

®3 A pH F4F TR AP BRI F X Cr( VD) B —20R — 2080 172 )5 R4 & 240
Table 3 The first and second kinetic equations parameters for Cr ( VI) reduction in

manganese ferrite-citric acid system at different initial pH

— % NI & ALk
pH First kinetic equations Second kinetic equations
b k R? b k R?
2 9.34 -0.005 0.786 0.10 7.48x107 0.82
3 9.64 -0.007 0.805 0.10 0.001 0.85
4 9.81 -0.035 0.923 0.09 0.005 0.92
5 10.07 -0.026 0.907 0.09 0.004 0.94

2.2.2  FPIETRUC SN

I UA YA IR TR FEE 0 2 5 W Ak B IR T A R K 2R 36T Cor ( V) 2 % 1 T B 52000 [H 1. 49 W0 1 pHL (L
4.0 B WG R FR R EE 43514 0,1.0,2.0,4.0 mmol - L™ B, AR B UM Ak A ] Mk B A7 15 R A )
Cr( VI) (10 mg-L™") 25 5% UL 6. bifi 25 S 0 B 1] (4 SiE 4, AS [+) e B A0 FpPABE R Ak B v G ( V) R B8 SR 4 AR
24 h B TREIRA 4 mmol - L™ APIERR 1 AL P B 38 (89:8% ) fa8 o T HAth e FE Ay e AL 3 1) 25 B 6.
T TRIE, b Co( ) ¥ it 2 S 07 HsF 160 11 AS B 28l .4 mmol - L™ A2 R AE SN FF LR 9 9 b YLk
H4hn (0.70—6.38 mg - L"), 4 mmol - L™ #7452 £24 h J W B 8] & Cr ( 1) 19 ¥ B 4k 22 7t =
(8.51 mg-L™") , SR RA Pk 2%.36 h J& S5 S 2R 4K 2 N W e A8 55 56 /i, Cr (T ) AR B 35 %]

m 0 mmol-L™! Citrate #7488 @ 1 mmol-L! Citrate ¥riEEz
A 2 mmol-L~! Citrate #4588 ¥4 mmol-L! Citrate ¥rigER
10 -

IOIV‘ - v v
L v
~ 8 _"* — 81
I A D v
20 2 6
E 6 E L
= L v =4 v
5—/ 4 " v E’ 4 v A a A A
S L ™ a a a S SN
. ry o [ ad * .
2 L - . lAng
L v v o
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Fig.6 Effect of citric acid concentration on the kinetics of Cr ( VI) reduction in manganese ferrite-citric acid system
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Table 4 The first and second kinetic equations parameters for Cr ( VI) reduction in manganese
ferrite-citric acid system at different citric acid concentrations

. CIVIE iy ST PIE i

R/ First kinetic equations Second kinetic equations
(mmol-L™")
b k R? b k R?
0 3.75 -0.019 0.91908 0.25467 0.008 0.97
2 9.61 -0.032 0.91869 0.09653 0.005 0.95
4 9.54 -0.087 0.95255 0.08952 0.017 0.99
6 10.07 -0.245 0.92093 0.0659 0.054 0.97
m MnFe,0, kiR 401A A ATP@FeMn12 U] "y 1 67k gkbm 1A 1:2
® ATP U] f 4 v ATP@FeMn14 [y 4 7 # kb Ak 1:4
¢ MgFe-LDH ki 2RI G
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Fig.7 Effects of materials on the kinetics of/Cr ( VI) reduction
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Table 5 The first and second kinetic equations parameters for Cr ( VI) reduction for different iron-materials

— R ZRE IR
oy First kinetic equations Second kinetic equations
Material

b k R? b k R?
MnFe,0, 9.54 -0.086 0.95 0.089 0.017 0.99
ATP 11.66 -3.445%107* 0.62 0.085 2.989%x107° 0.62
ATP@ FeMn12 8.58 -0.006 0.67 0.115 9.249x107* 0.71
ATP@ FeMn14 7.83 -0.008 0.65 0.125 0.001 0.70
LDH 9.78 -0.003 0.78 0.102 3.024x107* 0.79

3 4512 ( Conclusion)
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IKF] 29.2 mg-g™t MR Y 24 A ASSCH SWTIE T REPE DR MRV B B R AE A [R] pH A R FT TR
FAET WK Ce( VD) B9 5 BRACR, BT 58 K BLTE AR Bk AR AT R BRI R R, Ak S IR i ALl it
Cr( VD) ZCR F s 9 pH R 4 AL Cr (VD) 280 s B R BRIR M HE O 4 mmol - L. 5 AL 35 R A4 )
HALE S B A A SR Cr (V) B3R SR FERTFE 26 1F T BERHE G 5 B H LA I SR 21 .
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