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Effect of Sulfur on the Species of Fe and As Under Redox Condition in Paddy
Soil
TANG Bing-pei, YANG Shi-jie, WANG Dai-zhang, RAO Wei, ZHANG Ya-nan, WANG Dan, ZHU Yun-ji

(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: Redox conditions of the polluted paddy soil with exogenous As were simulated by redox reaction apparatus after flowing N,
and O, applied with different forms of inorganic sulfur( CK-S;, elemental sulfur-S, and sulfate-S, ). Results showed that redox potential
(Eh)was about —100- —200 mV and the pH 7. 0-8. 0 and the pe + pH 4-7 in soil solution when flowed N, , and Eh about 200 mV and
the pH 6.5-7.5 and pe + pH 9-12 when continuously flowed O,. Concentrations of the dissolved Fe in soil solution were in 1.2-1.6
mg-L~" either flowed N, or O,, and the order of Fe concentrations was AsS,treatment > AsS, treatment > AsS, treatment. Amounts of
soil Fe oxide by HCI extraction from different treatments were 5 g-kg ™' lower than the original soil [ (21.4 +0.3) g-kg ™' ] when
flowed N, , and it was in favor of the transformation of crystal Fe into amorphous iron and Fe’*. Activity of Fe oxides from different
treatments increased comparing to that of the original soil(46.8% ), and the order of activity of Fe oxides was AsS, treatment(49. 4% )

< AsS, treatment(60% ). Fe’* in solution and FeS were oxidized into Fe’*

, and hydrolysis of Fe’* was produced into Fe (OH),
precipitation when flowed O,. It increased the contents of acid-soluble and crystal Fe oxide, and the order of activity of Fe oxides was
AsS, (41.2% ) treatment > AsS, (36. 1% ) treatment. Concentrations of As in soil solution were in the order of AsS;[ (1.13 £0.04 )
mg-L™"] > AsS, [ (0.89 +0.01) mg-L™"] > AsS,[ (0.77 £0.04 )mg-L~" Jwhen flowed N, and was AsS,[ (0.77 £0.01 )mg-L™"]
> AsS, [ (0.20 £0.09 )mg-L™"] > AsS,[ (0.09 £0.01) mg-L ™" ]when flowedO,. The proportions of arsenic fractions followed the
order of the residual phases (34.9%-41.4% ) = specifically-sorbed ( 37. 4% -39. 5% ) > well-crystallized hydrous oxides of Fe/Mn
(23.3%-25. 6% ) > non-specifically sorbed (2.4% -3.3% ) > amorphous hydrous oxides of Fe/Mn(0.5% -0. 8% ) when flowed N, ,
and was the residual phases (30.8% -39.3% ) = specifically-sorbed (30.3% -34.7% ) > well-crystallized hydrous oxides of Fe/Mn
(26.0% -28.7% ) >amorphous hydrous oxides of Fe/Mn(9.3% -10.7% ) > non-specifically sorbed(0.5% -1.6% ) when flowed O,
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Arsenic from amorphous hydrous oxides of Fe/Mn raised about 9% by flowing O, than by flowing N,. This could be the effect of the

aging amorphous Fe/Mn on the transformation of As, and the increased activity of iron oxide under reducing conditions and enhanced

mobility of Arsenic. Elemental surfer system could increase mobility of arsenic more than sulfate system which may decrease degree of

activity of iron oxide.

Key words : sulfur fertilizer; redox condition; paddy soil; species of soil Fe/Mn; species of soil arsenic
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Fig. 2 Soil solution Eh and pH and pe + pH change under different redox conditions
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Fig. 3 Fe and As concentrations of soil solution under different redox
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g kg '] SEAEL,3 A0 B IA B 2
SR, IF AR A B4 A #1558 116 A B 5 )
22 K, HTE AL BE (Fe,/Fe,) 43510 AsS,
(59.8% ) =~ AsS, (60.0% ) > AsS, (49.4% ). i 0,
21 d ZJa, & A A AL 0 & B AN TR AR A T B
HAZE A AsS, [ (4.58 +0.03) g-kg™'] = AsS,
[(4.50 £0.29) g-kg™'] > AsS,[(3.76 = 0.53)
g-kg '] BB AL B | S5 AEAR Y 0 2 Y A Ak Ak
() Fr i 22 SR B B 2 M KT, 5 R+ 1 25 5 Rk #)
W R K, HGE AL B (Fe,/Fey) 43 5 A AsS,
(41.2% ) > AsS, (36.1% ) > AsS, (32.1% ). i# N,
Ji AR BTG A BE RN, 43 TR A e e IR
AR s 8 O, J A ALER BTG LR B 4 A R AL, 22
(A e o WA 9 4 7 DR -

Elo6 FRZFZIRBILEMEAUGIEETL
Fig. 6 Amounts of soil amorphous Fe by (NH,),C,0, extraction

S AR R T B E AL S o Bk 2
(K 7). A, 4538 Fe,0, FIH & (x£68) /&
(5.06+0.53) g-kg™'. i N, 21 d 57, 5 A
A ANt A 5 B T Ak B ) & S SRR A R
AARRIFRBE (RIS, 38 21 0 25 M 22 ROk R JF B
AsS,[(4.59 +0.54) g-kg '] = AsS, [(4.35 =

0.26) g-kg™'] <AsS,[(5.38 £0.33) g-kg™']. il
0,21 d ZJ5 , & bR, A AL & R R AR i
) ETE, HAR A R AsS, [ (7.94 £2.07) g-kg™'] =
AsS,[(7.97 +0.73) g-kg '] > AsS, [ (6.54 £0.55)
g-kg '] (H 3 MAEIRZ A 2E RN N, )5,
ZEM AR S B A TR Gl 0, EAS AR

A~ EL pE]
Bk S a3 .
10.0
| B8 Nt a

9.0 [ AsSy

8.0 |- AsS

: AsS»
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Fig. 7 Amounts of soil crystal Fe under different conditions

2.4 RFEEESSMT HEMIEAS AL
2.4.1 THHARLPER SRS L

L Wz B 25 0. 05 mol-L™' (NH, ),S0,
VAR, 2 e 1w A 2 W BE R S
W B 2 ) AR fR ] 8. 7R SR A Al L vk e
AR E N (0.85 £0.17) mg-kg™' [l 8
(a) ], WA HETIE N 1.5% [ K 8(b)]. N,
21 d Ji7, AsS, . AsS, HI AsS, 4b B A L 08 [ 25
R T A WK ST W - L | e e U SR
T & 8 AsS, [ (1.80 £0.0) mg-kg '] > AsS,
[(1.50+£0.10) mg-kg '] > AsS,[(1.37 £0.11)
mg-kg '], 20 B EE A LB AsS, (3.27% ) >
AsS, (2.55% ) =~ AsS, (2.44%). i 0, 21 d J7,
AsS, . AsS, Fl AsS, b B {1 3F L PR A 5 = L
N, B SCHGHE R RE AH B2 (A AR S T 22 K
- HAEEARE R AsS,[(0.90 £0.04) mg-kg™'] >
AsS,[(0.67 £0.09) mg-kg™' ] > AsS, [ (0.30 =
0.11) mg-kg™' 1, 73 5l 7 BB A9 Lk ] 24 AsS,
(1.61% ) >AsS,(1.20% ) > AsS,(0.51% ). AFEME
IR B0 235 A i 8 v P VP A SR B - R
eI, L o A A E B — N T 3% .
2.4.2 IRV HISER Y S AL

L B 25 A H 0. 05 mol-L~" NH,H, PO, iAW
PRI, FLE AR AR 9. LM B AR i 2
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Fig. 8 Amounts of soil non — specifically sorbed As

TARL M IS0 5 . AR A L P B A B
RWREN(27.4 £1.32)mg-kg '[9 (a) ], L B

SHEAN48.5% [ 9(b) ]. i N, 21 d J&5 , 4540 A
LR AT AR 2 RN B RN R
AsS,[ (21.9 £1.26) mg-kg~ " = AsS, [ (21.9 =

AsS,(37.69% ) = AsS,(37.39% ). 0,21 d )5,
5 A TR M R R S AR LLOE N, RS
FHT R, Wk E L AsS, [(19.6 +0.88)
mg-kg™'] > AsS, [ (18.1 £0.17) mg-kg™' )] =
AsS,[ (177 £2.06) mg-kg" 1,401 i 2o b L

0.14) mg-kg™' ] = AsS, [(21.2 + 0.34) HAsS, (34.68% ) > AsS, (33.17% ) > AsS,
mg-ke '], 5 A, WM E R R% 5.5 ~6.3 (30.27% ) ,3 PACHE Z (8] H 43 bb & ik 3 i 25 v
mg-kg ™', 20 A 7 B EG R AsS, (39.49% ) > ZHIKFE.
35 55
(a) i fik gk e (b) @k
BEE I a B it - 50
MM AsSy BE= AsSy
)\SS| )\SS|
AsS, AsS, - 45

LI AS B it mg kg

I
8
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O
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e
5

N
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Fig. 9 Amounts of soil specifically sorbed As

2.4.3 THEICEIREEE A A &R

T TARER S G A H pH 3.25, 0.2 mol-L™!
B R 2 MR BRI, L i A Ak 1B 10, AE SR A
TCRE UKL 45 A AP Y L B8 (1,19 £0.07)
'TEI10 (a) ], A& & 2.1% [ E 10
(b)]. N, 21 d J7,AsS, . AsS, Fil AsS, AbFEAYTICE
TE R 45 5 A5 1) 5 it (3 Ml HE DR A I, 43
90.39,0.44 F10.35 mg-kg ™", 2535 A6 LA
ik E] 0. 54% | 0.79% F10. 60% ; 18 0,21 d 7,
AsS, . AsS, I AsS, &b BTG E T B 45 A S A &
I R A (B B (R TR E R

mg-kg~

PRI AR (5.70 £0.55) , (5.92 +1.19) Fil
(5.15+0.59) mg-kg ™", 243 i A A4 L9143 530k
#]9.43% . 10.67% F119.31% , 45 4b B & S 6 HE 4]
FI725 4k AsS, > AsS, = AsS, .
2.4.4 SSRGS A A SRR

A ERERAS A A pH 3.25 19 0.2 mol <L~
FRREEFN 0. 1 mol - L™ HUIR M AR R AR I, H 7 i AR
A& 11, 78 s A rp ) AR 25 A A T Y T R
FEN(16.21 £0.65) mg-kg '[ K 11(a) ], 5 af s
H1Y28.6% [ B 11(b) ] AR T L P W B 25 i) &5
M N, 21 d Ji5, AsS, . AsS, 1 AsS, AbFH ) i A5 4k
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Fig. 10 Amounts of binding As in soil amorphous oxides of Fe/Mn
20 — 40
(a) Jodit i HE (b) Btk

B Ft e B it AsS) 35

Im AsS, S E= AsSg AsS2
a ab T 30

be  be

c

-
i

/LA

/ST

JEt

11 TEESKRELEETAsTL

SINNNN\\\\\\\\E

Fig. 11  Amounts of binding As in soil well-crystallized oxides of Fe/Mn
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BREE A AP0 S A B ARG, 3 A A B 1)
()22 A 2 A3 IR (10. 62 £1.39) | (11.95 +
0.57) FI(11.00 £1.37) mg-kg ™", 735 & A f &
(1 23. 3% ,25.5% F125.6%. i 0, 21 d 5, AsS, .
AsS, il AsS, b3 i S BR AR 45 G A A Y 2 i ol
J7(12.0 £1.51), (10.53 +0.88) Fl (13.18 =
0.42) mg-kg™", 20 B &5 B Y 26.89% |

26.02% F128.7%.
2.4.5 HHEFREARIAY G R

BRI S HCL: HNO, (301, (R R 1) 42
B H A B AR & 12, 7 A 3R A A 1 S5
YREER (11.0 £0.98) mg-kg [ 12(a) ], i daf
SR 19.4% [ B 12(b) .38 N, 21 d J&7, &AL FE
B A %) JoT s VR EE 430 A AsS, [ (24.20 £ 0. 64)

O @ ke () A I o0
EINL B2 AsS, it AsS 50
ol 0D AsSo §S AsS» = AsS: AsSa;b b . )
z | ™ . AN V/ e | 2
% 20 . 30 %
: 7 & NEVNIE
e NN
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Fig. 12 Amounts of soil residual phases As



3858 AN 5%

B % 35 %

mg-kg '] >AsS,[(22.70 £1.43) mg-kg ™' ] > AsS,
[(19.37 £0.56) mg-kg™" 1,435 i SLAfif 41. 4% |
40.5% F134.9% . 18 0, 21 d Ji7 , 4% &b 3l 5% 15 25l
IS0 R AsS, [ (22.98 £2.77) mg-kg '] >
AsS,[(20.08 £0.10) mg-kg '] > AsS, [ (17.24 =
1.61) mg-kg '], 5l i B 19 39.27% | 36.19%
H130. 76% , /b FRAH 5. 22 6] i 5% i 25 0 25 2 22 S+

[T
3 g

3.1 BEEANEPIL AR

KRG HE ZFEAR TR R, Y 3 Eh 7F
400 ~200 mV Ff,0,, NO; Fl Mn®* i£Ji0; Eh 7£ 200
~100 mV B, Fe’ " 8 J7; Eh T - 50 mV BREEH
PR SO; s, R EE pH FH, IF T REZE A=
2 5 FmBREE AR, BB visE

SO;” +8e + 8 H' =58> +4H,0
1gK° = 20.74'%

HIREIN N, 76 pH 5.5 ~8.5 Ju I, 24 Eh 78
-175 ~ =350 mV,SO;~ ¥JA[ ik 5 s AR k9, pH
6.7 WA R P H,S BE, IRES S
TP L 4R E T Fe’ . Mo®t | As( D) %5
VI ek Rl G A A7) I N B Ve ol e wk = 3723713
BRI AR AL AN IA] 3 (a) FEHIR pH 6.5 ~7. 5 I}
[E2(b) ], WP R T B2 P’ B, Fe’”
B AR, AT L2 AN HR R R L B A
T 1%k 7y 4 380 WT e 00 o) k0 e 4 T AR [ L 3
(a)]. 38N, J5, RV Eh 7€ - 100 ~ —200 mV
[l 2(a)], ki 5 Eh BT R 1E R d 124K
SRR Fe’ * A1 SO2 ~ By JF B AL (Eh) KATE
+100 ~ =200 mV #E17, PEAF + IV pe + pH AL
E4~7 [E2(c)], b Fik FARE T, R ke’
SEAR R R’ FRTUBLABR IR R ] REFEfL AR S° (1
AN R A Fe* 3 T 5% M 1) % Ak 10 1] fig
AN—FE. TR B BT ERER A VR A A T
ZARSH AR MR i R A S G I R A
REREMK AT L Fe' " BUTSAE Wil JEns g, B iR £h 41
il Fe’ * I B AR 0 SR A VT 68 55T A 1) 2L 5
(B3 (a) ], LASOA TR kv 3 A5 e IR, 52 Fe
W — AR R TR SR FeS AU L, FeS A 41
UURE TR, s AR HBoR I AR 8 As
5 ST RLULIE As,SL'), BHLAS —FB 4> FeS HYTE K,
(Kyrs, =40 x 1077 K o =6.3 x 107%) 12 5§

VFICE G X S FeS A, FeS, ™.

Ji = H R VA P SR A R 1 i e T R R Ui s A Ak
FE(11.8£0.1) mg-kg ™', X ALIHEE AR Lk,
TCRE B BB o 0 ) A 2K, QoK R £ b i &k
RS JFUR A, A Ak PR v v SR Ak i
YRR BHEEZRAK E O, 5, S4B 4 1R
PEPEAALER S REHIN HES 2 R A K A
PR R 4 FR VPR AL B i, (H 5 7 B A A Ak
H a2 58 (5.9+0.23) mg-kg ™', BEHIVE W TP HY
Fe’* fil FeS AL Fe’* 7RV pH M 6.5 ~7.5 B
AR Fe(OH), TUHE™ B T+ 46 vh A9 25 S A 10
TCRETE WIS 30 A AR B i (B 5 ~7) , )\
ML T RV PE E AL 5

U AR 1 DCB (5% 2 AN - 3 Bk PR M- 1 —
WARFREN ) J7 ik L, 45 3 v LU b9 B HoK
AW AR, BBy | ke, of
PR FERER 25 4% 5. (E AR b R 2R H k| B
FREERAICE IR, F DCB IR 421 B8 ik 2w fn
BRINSEAEL 8 B N IR VR, TCie il
N, & O, , i B ALY & i 42 AsS, < AsS,
PR (ELS) AT REAE IR JE A F T I BT FeS A9k
PR HE.

Ui B8 A SR AL R A B 25 i S A RE R TR AL
Bk A AR e & A S E AR R AT E T R
ek 2S5 RN, NEER S (F6) 7
N, SHF, 1258 Eh FREARXT D AR T 45 A
SR IR o I BRI e e Ak & R i R
B R AsS, > AsS, ; A B 45 S S E AL B & ol
AsS, > AsS, X1 85 HIEEW ) Eh Al pe + pH A
5, AsS, AbHE pe + pH (EAR T AsS, , FTAMA R )if JR
PEZR T AsS, 0B T A7 R S AL 2R 1Y i 5. 38 0,
J& ANt A G E T SRRk iR R BN T
4, A A ALY B SR BT, B AsS, > AsS,
ARER (7)), AT RE PR K fige A AR AR T T BTG 52 TE B 4R
Rk e 2F T ARk Ak, T e I Ak i
TR W, 4 A SR B B ARG 0

NEE S AR, BE R B Bk S e TRk
Z 22 (7). SCEk e B M S5
RO (5 X BE 5 ) 45 SRR 419 1 40% .
— MR, TR N, 20T, RIEIREENY Eh {5 TR,
pH {E LT}, 3BT F 10 JFOR A, R 7k
Fe’* B XAFEAE , 02 L ki) — AR A 7. &5
SR B TR LA I AL R AsS, AT ASS, , 5
JE A LR — AL B AsS,. (H2438 0, Z 5,



10 4] JEUKER A B E A R T KR L SR AR A &5 i 3859

T pH HA BT RS, Eh B, RIEDR
Fe* WAL BN Fe' | G T TE 30 T 45 A A gk
TR PIEIN WEINE R AR LR AsS, =~ AsS, > AsS, 4b
B 5 N, AL, (A g R S AR B A A BT
ﬂ_%—mo,ss]‘
3.2 WERSIEIEE AR

N, ZJF,Eh 7E - 100 ~ - 200 mV [ A 2
(a) ],BH%E 58 Eh B8 TR A 32 SO0 )
FieAs( V) Hefb As (), HA AR S5 i o7 R 2 7E
100 ~ =50 mV'"™'. B YRR ER As (V) 1838 J5
FAFRT AR TR ER B 7 .l N, B R
As( V) B95ALAS (L) | >4 4 38 iy Pk 5 22 v e
As(ID) #a T BUCH TR RE 7 SR A TE A5 T WA vk Ji2
ALK AsS, > AsS, > AsS, AbBR[ I 3(b) . Jiti b %
M A s o, o B B b BE T BEAA SR S° 7, I Fe'* 7%
R Fe* | Saifb¥) v A B As,S, 3 AsS, | FeS,
FeS,, T g E B B 2R (FeAsS) S5 G AL MO E
A7 G 0, BF, HIEIE WY Eh 7£ 200 mV /2
i, B A F As(ID) # Ak As( V), Fe* % 4k i
Fe'* | THERA I HI & AsS, FIl AsS, 435 KRBT
F70.93 mg-L™ " f10.68 mg-L~" 43 il GEA: WA 2k
H‘[F%(Asoza)z(OH)s - SHzo} :

Fe,0, + 4H" + AsO; —

2Fe’" + AsO;” +2H,0 (E, =210 mV)

1M AsS, fUALTFE 0. 12 mg-L~", 7] 48 5 i 8 2%
" (FeAsS) ZEmifb Py S b A 5.

FeAsS + 13Fe’" + 8H,0 —
14Fe’ + SO2™ + 13H" + H,AsO, (aq)
TE RS (pe + pH <8) , MFETEIE A LUAs( 1)
ME; MAEEARE (pe+pH >10), LIAs( V) R
FEJEADS MBI pH k4 ~ 8 I H LY
20 HyAsO; . HAsO; ™ | H,AsO; . HAsO: . M4
REZRE, 18:
40H™ + AsO;, == As0}” +2H,0 + 2e
(E, =-710 mV)

TEAs( V) Bk i B b B i OH - 7 pH |
F. R RIE S YE T HAE HIEP R R E R,
e R A E IR IR IE S S LR pe + Eh (HA
HYINEC R 7RI I 258 5 AT YRR A9 B2 L 1k
FAE IR M pe + pH K F , LA R % T 6
FRERIA R 2 (¢) ], Ut BH B BT A 44 38 340 Ji 1 7T g
ok, A2 As(I) B 7,78 pH 4 ~9 JuFEl N,
B AR As (V) BT EFBE pH {34 T

INBEE pe + pH BYBEAR, As(V) B ¥ 5% 16 N
As(TL) ,5FAs (T ) f9 5 BFF it pHL 8038 K i 348 20
pH T i ST ) W B s YRR TP B s
HERNL A 3(b) 1%,

TCisil N, iR JE38 0, , L PR S a2
A AsS, > AsS, =~ AsS, AT | 1 HB /0 5 B R
EhaR . E AL S L E pH 8 ~ 9 FE
W pH 6.5 ~7.7 ZIAIF[ ¥l 2(b) |, B8 b
T 1 g, A S B 0 3 - 4 rpey I F A 1Y)
FSAHE AR, TG Rk | AR A LR | W B
AE R ) AR PR R AR S AR S I E
TE AR B AR AL AR — 3, BB A AR R 0T g
FUAR R AR A 22 O A 2 A8 A .

AR SRt H, PO, IR BRI, JC 2 T8 24T
25 AN R A % R R AR T, SIC B b 3 T 5 i
¥15 MO0 W E AR L S G, IR R
4 (14 SRR BE A 5 AT A7 AE L 2 Pk W B A e
LR RS AR R K2 5 mg-kg T, RS
B SEL YRS K4 ~6 mg kg™, FRE
SR EEE TR 7 ~ 14 mg-kg ™", DL A —H
SYREEAL AR AS. 7R N, J5 TCE TR AR 45 A A
B <0.5 mg-kg ' MY EBEAAEILE HAs(ID)
N5y 15 A SO W B R E A 5 RO RO, A —
53T PR R AR G Ak ol 2 R AR 25 A . R T
As(ID) F1As( V) sk Ak 2217 A R R A A, B
% pH EM TS, As( ) 7R8I FEEAs (V) &
Wik S TR, 7538 0, Ji, ik S A eI S
As( V'), T LASHZ b bl W B 20 B0 8T ) . R AL
Yy B HAKAL ALY 2200, a0 Fe® B 8L Fe' " YA
SR, H A AR R A SRR T X Rl AR
A e R R o A e B R A ARG T
AAPPE R E AR I 285 — B[R] (4 i
1B | WRARTEE E ALY 9 2 Y BT IE , A iR 2k 5
T ERA RV RS . AL R o 245 AL e g o 2
TR AT WS — 5 43, 1 JC 5 TR AN 25 A
FALES B AR N B A VAR B, B AT AT DUAE 3R
BRSO RS LT S AR LS TR R R 2.
B Z IS X 25 A 5% ) 5 B AR PRI B S A
Ak BV SR A R T A Ak Y TR 2T S ) A )
JEA.

4 it

(1) 3l N, i, - 57 i 80 1 55 o iz ( Eh) 76
~100 ~200 mV 2 [, B £k 5 UM JE st B 1



3860 AN 5%

F

2% 35 %

BT A FR W] G VAR pH 7E 7.0 ~ 8.0 Z[H],
pe+pH N4 ~7 Z[A]; i O, B, %W Eh 7£ 200 mV
ik W pH 7E 6.5 ~7.5 Z ] ,pe + pH N 9 ~ 12
Z [A].

(2) JGigi N, iS58 0, , HHEu BRIk B 34
H S, >S, >S, ABEFN AsS, > AsS, > AsS, ZbH, i
N, B, A 0 W A ok B2 AR 4K AsS, > AsS, >
AsS,; i O, B, IS P AR FE AR 1L AsS, > AsS,
> AsS,.

(3)38 N, A, HCI $& 54 38 S A Bk iy 1% o LU
T ARIERAR; TR A AL, A AR A AR R R
AsS, < AsS, A TS E G RN AsS,
> AsS, AbFR, ¥ R A R R R T, A AR
fEEE R AsS, > AsS,. 7Ei8 0, i, HCI #EH+ 341k
BRI I R AR B WSS S
FAbER G B H AsS, < AsS, ZbFE Ll N, A
IR T g s O T AR S Bl AsS, > AsS,
REFE HIEAREE R AsS, > AsS,.

(4) LIRS R Bk s A A oh 3 HOK
F SRR ALY A5G A T0E T B A e
ER e IE (St e g SN 8 A o 17 o (AR e 2
B T BERIAE LM B A | 1 R S A
MEERRESE RSN S & L BB EES A
A B e, 38 O, B HLIE N, BT ELE 8. 7% ~
9.9% , HA AsS, > AsS, = AsS,; AL 1 W 25
LMW AR S OSAEP EE, 3E N, B O, B4y
MEE1.4% ~1.7% M3.0% ~7.1% , HF AsS,
> AsS, > AsS,.
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