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Abstract; To investigate the impact of different capping materials on the phosphorus release from
lake sediment, indoor simulation experiments were conducted. Phosphorus release mechanisms from
Erhai lake sediment capped by ferric oxide, aluminium oxide, manganese oxides and lake sand,
vermiculite were studied. Results showed that: (1) phosphorus release from the sediment was
e under Fe, Mn, Al, lake sand and
vermiculite treatment was reduced by 40.36%, 32.07%, 26.25%, 11.62% and - 7. 83%
respectively. (2) Cover material mainly reduced the NH,CI-P, BD-P, NaOH-P content, and the

inhibited under all treatment procedures. Sediment TP (

decline by the metal oxides was larger than lake sand and vermiculite, Fe oxides reduction is the
largest, followed by the Mn oxides. (3) Cover material affected the sediment phosphorus release by
changing Fe, Al, Mn and TOC content in different phosphorus forms. Sediment BD-Fe and HCI-Fe
content increased by 23.81% and 110.76% respectively in Fe group, and in Mn group sediment
NH,Cl-Mn content increased by 110.76%. Sediment NaOH-Al under each treatment was all
transformed into HCI-Al. And sediment TOC content decreased correspondingly, further increasing
the sediment w( TTOC/TP) , w(TFe/TP), w(TMn/TP), w(TAL/TP) ratios. This helped promote
the transformation of labile phosphorus into inert phosphorus. (4)Sediment pH and Eh were changed
after capping with different materials which influenced metal speciation and then controlled sediment
phosphorus release. Overall, metal oxide showed higher phosphorus immobilization efficiency than
other inorganic non-metallic materials, metal oxides can not adsorb phosphorus, but also induce
phosphorus transformation through metal iron binding, which control the sediment phosphorus
release, and the Fe oxides demonstrated the best efficiency.

Keywords: cover material, the physical and chemical index, sediment, phosphorus release,

phosphorus form.
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ALK H Fe/P AL/P XFENA S E AR A — & fa/mEH.

ORI 1) 3 7% A AL 3 B A2 DO 34K R (40 pH kiR JEEFL 37 Eh , DO %5 i %60) 1 5%
Wi 100 Reitzel " ST STE 6 ASWHAVIEY) T pH X AP B R, & B pH {EAE 5—8 JE N
AL(OH) , W BB (4 BE F1 455 Berner 25 FGE & R, 24 pH>6 B, 32)2 DR Bl R 2k 36 11 278 i — )2 3
W TCETE Fe (OH) , 25, 375 1 100 441 A28 2 Ak 32 fie R (1) R 550 Bostrom 251 IR 58 AR A — 7Kk AL T e £14) o
Bt fE kB, 24 Eh KT 200 mV i, UTEH Fe™ R R R Fe™ | Bl Fe-P %, P 10 RS JICHE R BT A
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W) P YRR B AR B AT 4—6 mg - m e d7 [N AL BLJS B9 3258 0. Hayes %' 7E Foxcote 7K & fifi J]
3.5 mg- LT AIBRIRERIG | A H , KU i 5 R (SRP) M 7 pg - L BRARE 3 pe- L7, BBk TP b
30 pg L7 FEMRE] 16 pg L7
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IRAR A OB ZU B TR O T T 7K 505 W) 38 7 A2 81 G 3 1202 AR e il o S e v, EL BRSO
B BRI VD PR DU I B X &l e 3R 2 B s AN TR AL, BF 5 i e DR BRAL PR I8 2% 1 A1
DRI 2740 AR 6 i B 1~ SO0 DURR I B R R MR AL , LASHT DA 18 JH R A A4 i e Dt
WA PR S R 2R

1 #BS 7 ( Materials and methods)

L1 AR 5L

RAEVD PR (25°5678.27" N, 100° 5'57.50" E) R ZTURYY, 73 5780 E T A AR 5240 (.25 em, &
15 em) W TURRMREE S 10 em , 73 591 382 6 AH ) J52 2 A9 48P0 R (AL 4) SRRk (Fe 41) AABSR (Mn
2H) WD b4 ) gy (4] ) 45 5 FhARRDRE AR (5—10 B B, R eSS (4 (CK 41) , in 28
TK 2 L1 AR BGRZTURY) W Uk T8 WHE I 100 H i 5 DN 7 2% 6 br.
1.2 Rk
1.2.1  JURYIBE R 5 )y 2k g

DU BB 1 27 R AR T VD PP 3R 2 DURRY) , R BRAE Y R TR AT, BRI 1600 ¢ ULFRY)
BEREUCE T — RSN EAARN 15 em, m R 25 em AR, 08 55— 214k AR A i s
RV IORL CRLAR ) 5—10 H) A 2 L 8B F7K 76 25 CFRFSICE, B0 1A HIE KA
B2 o ik, R E pH (pHS-25 %) F1 Eh (250A %481k i S5 e i 0 45430 | 2 BT h oK, f 45 B K
2 LA SE B DU, 1b 0 (5 H i) KB B Af 008 55 4, v R T, TS IR S 3 100 H i 5
e KPR,
1.2.2  BBEUKRGURRYIBEE S 4 8L S I E

78 /K 5.9 ( Total phosphorus, TP ) FIJG P8 ( Solution reactive phosphorus, SRP) Z: B 7K it Wl 5 3
B CER PO AR) 5 ) U w0 (TP ) 5K F Ruban 252 Btk (g SMT J5 k052 5 DURU B I 25 DU 2 i 4218
PR R SRR AR WA 1, #e B TR DR DU R LB 434 NH, CL-P ( 55 W B 253 ) \BD-P (]
WFEEE) NaOH-P (4@ B A5 A 450 ) JHCI-P (45454 485 ) Al Residual-P (MEZETERS ) . [a] A 425 2
U w (Fe) cw (AL) Fl w (Mn) SR T HL RS 6 55 B 71K & 596 3% (1CP-AES) #E4T 1l %2 , TOC 2k H]
TOC-V ¢y ST (B A T, HAS) il ek I E A A i AT E 3 K.

R1 IIBWIBHIE S PIESHR I TT Ik

Table 1 Sequential extraction methods of phosphorus forms in sediments

{1312 PRI %
Phosphorous forms Extraetion method

1 100 mL B FAIIA 1 g BES (G 100 HFF) LA 1 mol-L™! NH, Cl %3 50 mL, (25+1) °C 200 r-min”~'
NH, Cl-P ZM N EESRT 0.5 h,5000 r-min~' 25 °C R &0 10 min, B, 2086 15 L 0,15 (880 nm) I & R4k P
p(TP) , [GlI I 5E w(TOC) .w(Fe) .w( Al)Fl w(Mn).

TEFABFRIE A 0.11 mol- L™ NaHCO;-NaS, O3 # ¥ 50 mL,40 C 200 r-min™' 551 FHIEHR 5 1 h,
BD-P 5000 r+min~' 25 C FEL> 10 min B E R, 4196 15 L 635 (880 nm) I 2 BB p (TP) , [A B2 w
(TOC) \w(Fe) w( Al) Flw(Mn).

TE FAEFRIE A 1 mol- L™ NaOH %1% 50 mL, (25+1) °C .200 r-min~' £/ F1E 4% 16 h,5000 r-min~" |
NaOH-P 25 °C FE.L> 10 min, T, SHEATE L A7 (880 nm ) TN B p (TP) , WIBF I w ( TOC) (w0 ( Fe) |

w( Al) Fllw(Mn).

16 FAEFRE R ANA 0.5 mol- L™ HCI %% 50 mL, (25+1) °C .200 r-min~! £ FEIEHE 16 h,5000 r-min~" |
HCI-P 25 °C FEL 10 min, B3R, SH86 W L (0 1% (880nm ) I E FHR K p (TP) |, [AI B 2 w ( TOC) w( Fe) |

w( Al) Fllw(Mn).

1E FAERE M 1 mol-L™! NaOH ¥ 50 mL, & T 85 °C /KA 2 h,5000 remin~' 25 °C N &> 10 min,

Residual-P L, BT H 625 (880 nm) WS BB p (TP, FIBHIISE 10(TOC) a0( Fe) ao( AL Fl o( Mn).




34 JRERRAE L B AN [RLRE O I R W R R M BIL 535

1.3 BdEatr
K b PR HT A Excel 2007, Origin 9.0 Fl Sigmaplot 12 243317

2 5 51718 (Results and discussion)
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Fig.1 Kinetic curves of P release from the sediments covered by different materials

BHUURY TP 19 Q,, 1 0.9236—1.6697 mg-kg ™' Z[8] , k {EAE 0.4742—0.8080 mg- (kg- H ) ' Z[H]
(3% 2 s ) E w5 A FEAEXHTRRY) TP B BRI BE 18 Fe ZH>Mn Z>A1 A >EIVP A >0E A4, HA
HIURY) TP 1y Q, AIXTT CK 405051/ 40.36% 32.07% .26.25% 11.62% . ~7.83% .45 4HUTFY) SRP
1) Q. 7F 0.3502—0.5987 mg-kg™' ZIf]  k {H7E 0.1975—0.9795 mg- (kg+ A ) ™' Z [8]. 7 35 A R AR
) SRP B AIBHAEBE T 0 Fe 41> Al ZH>Mn 4 >TAVD A > w8 A 4, HAAA DI SRP 19 Q,, HHXTF CK 41
(VL TP i) 23 518/ 16.05% ,15.00% ,14.67% 13.22% 1 6.86%. 7 UL | AS [l 44 A4 %o T FR 4 i 1) 245 A L 4%
YER, HBUA R Fe EALYI>Mn S A0P0> Al ALY > 100 > 18 4 LR 3 55 5 FbT RS DTR Y SRP /9 R
WA #m I BHEEAE T, b Fe (AL Mn 45 3 il J& AL SCR I 4F, 7359100 16.05% (15.00% Fl 14.67% .45
J& B A XU ol B I L 2 5 SR O 5 T v Rk A 4, 3R A 4 R AR DU R W i R i ) BEL 4 A
FAAUR Y BRAE T, oAb 2 PR Bt A R AE .

&2 BEAFRMRTIRYIBERIL — R 150 BRI E S8

Table 2 Fitting parameters of the first-rder kinetic equation for P release from sediments covered by different materials

S8 CK 41 Al 4 Fe 21 Mn £ oiREEl e
Index Contorl group Al group Fe group Mn group Sand group Vermiculite group
a 1.5485 1.1420 0.9236 1.0519 1.3685 1.6697
TP b 0.8080 0.4742 0.7160 0.6081 0.5551 0.5780
R? 0.9713 0.9778 0.9638 0.9652 0.9523 0.9465
a 0.5987 0.3664 0.3502 0.3715 0.3938 0.4952
SRP b 0.5853 0.6362 0.1975 0.5963 0.6310 0.9795

R? 0.9688 0.9901 0.9207 0.9648 0.8705 0.8429
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2.2 FEFARFEIB AT TORY) TP KB IE 2 404 R AE 5%

DU L S X DU B B i A B, 2 DIR IR 55 & s B i L K &, 45
H EEVIRYBEA SR NE 2 PR 44 L2 TR NH,Cl-P . BD-P F NaOH-P % &4 {L B &, ifij
HCI-P I Residual-P 7% 828 b3 /IN. NH, C1-P J&2 VTR Y B 28 b if MR A B 41 43, = 2L 4& [R] Bk
TCHUBE BRER S W BT DO 0 2 1 B BERR AR B 1 45 41 2 DU w (NH, CI-P) X T CK 414>
S/ 30.05% (AL 4H) 32.89% (Fe 4H) .18.61% (Mn 4) .25.80% (iHIVb4H ) F1-4.16% (8541 4H) , Hd D)
Fe 21 Al 40 RIS VD 410 i B ok B B, 5545 41 B /K SRP BEROBL A AR Iz, IR, DEAR 9+ NHL, CL-P 2 I+
BIK SRP FETTERIAZ — Al Fe Mn S ALY AV 0847 34 0 DL 43 & S8 AL ) AN el FL L R T AR
BOR O AR BRI E RR AT (AR BE PR IEAE ) R R A, AR B XoF i I AR 188 A A 1 I A P
G A B L 5 (S P X URR ) Hh A i A iR R Ak A DTV O T A A Ay i i P 2 8
VAR AS & JE B T IE R i U A 1 — 25 34 T AR A X 1 1) i B8 R 0, 400 ) T AR B R A 1) 1 K
.

H 4 F)ZUURY TR Y BD-P Al NaOH-P ZDURRY ki) 2 AEEE X, S48 w (TP) 19 60%—70%,
XA UURY) - /K T B B e A B A 28 R R T 0 M 57 BD-P B 53 0y 4 S8 Ak 0 e R T 6 e
B JE PR B R Ak A S W R 40 120 & AL T FR ) w ( BD-P) £ S A 4T T CK 445 5087 23.74% (AL 41) |
44.40% (Fe #H) .25.67% (Mn 41) (10.28% (#ITPAL) F1 13.53% (#5471 41) .NaOH-P FE i Wy B b7
Vi FAR BTk RS e el S A AL W e A R 1w A A5 AL DU w0 (NaOH-P ) A% T CK 414351l sk />
16.90% ( Al 41) .22.83% (Fe 2) .25.67% ( Mn 41) .8.49% (WAVL4H) F16.85% (WE A1 4H) 45 T Al Fe Fll Mn
ALY R AR T )2 DT BD-P Fil NaOH-P Y% ik

HEAF A BV T w (TP) AR E 2 Frs. 4 L2 TTERY T w(TP) 7F 829. 24—
1042.80 mg-kg™' Z[i], H CK 4> VD4 >HE 474> Al 2 >Mn 4 >Fe .2 TP w (TP ) 75 874.72—
959.14 mg-kg ' Z I8, H5 A7 20> Al 4 >H170 2 >CK 4 >Fe 4 >Mn 4. F 2T H w( TP) 7F 858.90—
980.40 mg-kg ' Z[H], H Fe ZH>Al 41>Mn 4 >18 4140 >CK 4> VD 2. 7] L, 28 55 A R RES AS 7] )2 TR
W w(TP) B A 520 e ] R E , CK ZHITR) w(TP) I EJZ BT R B WREAR, LI N1 R,
X5 e H A ST A AR R WV AL RE AT 445 2 0 (TP ) FEASHA XS, T Al 41 Fe 200 Mn ZHUTAY
w( TP ) BiAE TREEHG I3 , e BA M ARy T 25 4. R W BT 5 A [RIRA R XU AR M i 1) e 4R 7 U 8%

SN A A (R RA RE ak AS By SOV U 5 G AR B DR B )l v A 1 AR R SR AR | i — D BRI
PRI A AU

CK 41 Control group Al 41 Al group EE Fe 4 Fe group
E= Mn £ Mn group [ ##¥P4H Sand grooup [ #E A4 Vermiculite group
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Fig.2 Content and distribution of TP and phosphorus forms in sediments covered by different material

2.3 EAFMEXTIURRY) 48 & R B e

DURPIBE B & B 50U AL Fe Mn F1 TOC ‘B 4156, LAY+ Al Fe Mn 1 TOC 75 &
R ARORE— R AR BT b s DR B A I B RE T R/ 28 8 36 AN IR B TR ) 45 B $R BBU AL Fe \Mn
FITOC &, 4Nl 3 s S 0GR -Al Rom iz 8L BGH B 1 /9 AL, 1 BD-AL 37K BD R4 B 1 AL 7%
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ARG AL SR SR RT w( TAL) )24 5793.38—6154.46 mg-kg™" , 541 w(TAl) Z2{b4 /N, H
LA residual-Al \HCI-Al Fll NaOH-Al 2 FEAFAEIE L, RIFTTERD H residual-P  HCL-P F1 NaOH-P [ &
% Al BSR4 AR IBOR Y NH, C1-Al }2 BD-Al B T46 B , 4520 NaOH-AL B AKX T CK 20, & &+
AN CK 2H > AL 2H > 70 4H > 0% 47 40 >Mn 2 >Fe 2H.00 HCI-Al i F CK 4, H &= S A > 15
AH>AL 4 >Fe 2H>Mn 4>CK 4.3 35 A [F A RHME S DI ' NaOH-AL [n] HCL-AL 5B/, {2 iF T 3 1 0
I P P W A .

FHPEPOR T Fe S B SM(FFR w(TFe) ) 4 18013.95—33738.48 mg-kg ™', H L HCI-Fe FIBD-Fe
R F LA Fe 4 w(TFe) B & TH B, RUIE T Fe @MY  Fe BT AHEAYEESHT
HCI-P 1 BD-P I i 72 , WEHNE 3 R 52 i AH X /N Fe ZHAHXT T CK 4 BD-Fe il HCl-Fe 7 it
STABEINT 23.81% ,110.76% , ML E A bE /N I, 5 55 Fe SR AP 0T (%) BH A2 4 A 32 202 R ok 3
BT BD-Fe 1 HCl-Fe & ST 58 T YU PIAT BD-P F1 HCI-P 1 W% B AE J1 | [5) BF 76 5 1 /K I 3R 48
WK T WA % BD-P F1 HCL-P W Fff fig

ZAHARBURF Mn & B A (FFR w(TMn)) A 711.32—1105.04 mg- kg™, EEFEEL N
NH,Cl-Mn ,BD-Mn 1 HCI-Mn. X} CK ZH$& 0K H NH,C1-Mn 7 & , #5847 498070 T 22.84% ,Mn ZH3E N
T 110.76%.[R)kE , BD-Mn &5 Al HI8/0 T 6.21% VS48 T 7.95% 1M Fe L3 T 14.94% ,Mn 4
HhnT 110.76% .45 20 HC1-Mn & S AHX T CK HANZ 513G T 5.66% (Al 1) 28.97% (Fe #H) ,18.68%
(Mn 41) \5.41% (WIVPAL) HA S AR B H Mn 5 248 (R Mn 4 F#% 7 21 NH, C1-Mn ZE{bAH
JZ ,Mn 41 NH,CI-Mn & #3710, /5 NH, C1-P & & FE A%, 454 41 NH, C1-Mn & &2 FE%, NH, CI-P % 2%
fik.Mn 21 BD-Mn & 38 R IR A R A H S 5 T B R 74 18 4 X% Mn Al NH, C1-P 24
—FE W BFHE .45 4R HCL-Mn Y45 38 0, 78 35 A8 R AP RHE S DU Mn B F0.215 B8k A0 & 2
o, H Mn XA — 2 1Y [ e AR VR .

IO Rusidal-Al [ JHCI-Al 7] NaOH-Al [ Rusidal-Fe g HCI-Fe 22 NaOH-Fe
Y BD-Al 7ZANH,CI-Al 35000 NN BD-Fe A NH Cl-Fe
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Fig.3 Contents of Al Fe Mn and TOC in sediments phosphorus sequential extractions covered by different materials
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BARBOR T TOC F AR (FHR w(TTOC) ) iy 24298.95—40426.44 mg-kg™ ", 55 40 A A4 BUK
1w (TOC) F 2 44 w(TTOC) B 3% (NH,CI-TOC) .13% ( BD-TOC) .42% ( NaOH-TOC) .9% ( HCI-
TOC) \33% ( residual-TOC) .4 24 $E R TOC =¥/ CK 41, B 35 AN A BE X TR A [ 11 B
W TOC 2045 43 U2 A/ (H452H w (TTOC ) BH (2 YRR AR, 45 4 AR T CK 41 w0 (TTOC ) Yl 1 43 1)
H13.02% (AL 41) \14.61% (Fe 41) [15.49% (Mn 41) . 14.69% (WP 4) .23.09% (#& A1 41).TOC 7 & 1]
FORUURRY) T TP LS 2, A A LSO DU R 2 — ' B SR BRI T IR
Yrrl s A LT i, BRRAR T DO D s (0 R R S, ] e 3% P 35 R IR RE X TCRR A TOC Ay —
F4) W 0 0 T A D T A — 2 0 o ol ) R o

5T R ,w ( TFe/TP) SUTFYI BRI A OC, 2 w( TFe/TP) > 15 5% 20 B, YU BE 32 26, 2
DURRW B B8 s 52 I )/ AT 22 T b, AR SO B 45 41 w (TTOC/TP) | w ( TFe/TP ) | w(TMn/TP) |
w( TAL/TP) BY{H, 4 &l 4 B 78 56 AR A RHIURY) w ( TTOC/TP) £ 55.63—69.04 22 [8] , 175 26 Al 47
HHAGFAE w( TFe/TP ) 7E 29.06—60.10 Z[8], Fe 413k 60.10.0( TAL/TP) 1 8.99—10.52 Z 1], 441 2
S8/ aw(TMn/TP) 7E 1.11—2.01 Z 8], Mn 4 fe 3k 2.01, ] UL Fe XU Y85 9 /E T & T Al
1 Mn. %4 w(TTOC/TP) .w(TFe/TP) w(TMn/TP) aw ( TAL/TP){H¥E T CK 4, HEM A& m 4>
WA >CK 43X 5 K TP fe KOV B2 AR A A i, 3R HAE 9 A8 4k AT X DU W B B A — 2 48 /R 1E
FH. 78 5 WPRHE K T IR w0 ( TTOC/TP) .w(TFe/TP) .w( TMn/TP) .w ( TAL/TP) Y HUAR , 384 58 17T ARy %ok
BRI B RE T, SE T2 M URR A e i i, e DL Fe SRAR M Al 1 35

w(TOC/TP) w(TFe/TP)
w(TAUTP) B8 w(TMn/TP)

7 7

7

4 EHEAFMEIIRY w(TOC) w(TFe) w(TAL) ,w(TMn) 5 w(TP) i HL{H
Fig.4 The mass ratio of w(TOC) , w(TFe), w(TAl), w(TMn) to w(TP) in sediments covered by different materials

2.4 G AREIARHE BRI BEAL A AR 0

ANFEE SRR TR pH I Eh B9520, IR 5 Brs. 45 U0 pH (EAE 7.15—8.75 5 Bl 451k,
MR N Fe 4 >IVDLH>0E A7 >CK ZH>Al ZH>Mn 2H.Fe ZHUTAY pH (W B8 T CK 41, M4 4 41
DU pH 5 CK 2T pH 28 B A8 e, HIMRT 8.50. 4 4L iAW pH KGR 8] 928 fL ke 34—, R B A
AR L AR, R s AR RO pH A AL BLEE R i /N S AR T AE B 98 pH X LA
RO T R I, pH B i 50 42 R Fe AL Mn 50 19 454 DR 285 2 1117 52 i 390 AR 0 e e ke, L7 Bk
PRI, pH 22465 NaOH-P 2840 AH OG5 AN R AT BHE DU pH & AR AN R 22 4k, 36 B3 36 A IR 44 R
S T YR Fe AL Mn 5850255 RASHE M52 ma TR B B . 45 A DR S8 AL iR i HL 437 ( Eh ) 28
FLFE A 85.3—202.8 mV , B AN CK 4 >Fe ZH>A1 2H>Mn 4> 70 20 > 15 47 21 A [6) 78 w5 AR B AR T
TURWIN Eh (AR I A HE B sy, Aty ) , B —2 (B 5 pH 22 A ). B 5 A [R] 1
BIREAL T DU Eh (A, HIMKT 200 mV, SAEL VTR H Fe™ 0] Fe™ Ak, T 2500l R k4 fif 1 fifF
4 BD-P J& NaOH-P & AR, [RIBHRIC POT MW H & & A (AW BRI [ 72 7 35 bR AR B R ik
Wi ShAR AL T A A A T S T, R R A W A A R A HILBR B, BE N 4 SR SR AR i i 5> 45 ik ik
BN R E PR IR RS 4 R B TR A L CHLE A RXT PO AW BRHRE 0 5 > gk fi sk i A
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Wy b R 2H 23 10 1 PR B A2
100r  —-cKé
9.6f

9.2f

Eh/mV

t/month

5 HEEAFRMETEY) pH Fl Eh 224k
Fig.5 Change of pH and Eh of sediment coverd different materials

3 4512 ( Conclusion)

(1) 78 35 A FARHAM S T ORI RO, Horb Fe 240 Mn 20 5% Al 15T TP 1 Q,, Vel fe oA B
8,50 T 40.36% 32.07% 26.25% ,SRP {1 Q. 43 BIE/D 16.05% 14.67% 15.00%.

(2) 78 35 PPRMIEAS DT FR A 38 2o 52 ) AN (R 28 5 1 92 o ol ) R 5, AN ) Ak B2 T R4 NH,, CL-P
BD-P NaOH-P #1475 Iy &A% w ( NH, C1-P) 73 S BEAIK T 32.89% (Fe 4H) .30.05% ( Al 4) .25.80% (#11>
ZH) .18.61% (Mn 4) Fl-4.16% (WEA 4) , Fe ZHF1 Mn 41385 B . w ( BD-P) 535l 3k 2> T 44.40%
(Fe #) 25.67% (Mn £) .23.74% (Al 41) .10.28% (WIVP4H) Fl 13.53% (#EA14H ) .w ( NaOH-P ) 43551k 21>
T 25.67%(Mn 4) 22.83% (Fe 4H) .16.90% ( Al £H) .8.49% (WITP4) F1 6.85% (W51 4) .

(3) G MEHFI 20 Fe (Al Mn J2 TOC 5 9 256 3 0 42 1 05 0 BT, Fe ALFRZH F 2380 T 1
JZUTFY) BD-Fe Fil HCI-Fe,Mn A% £ 225N 1T YA NH,C1-Mn F1 BD-Mn, %41 w ( TAL) Z2{b AN,
HPA vesidual-Al \(HCI-Al F1 NaOH-Al & FEAFAEIE A0 A B4 B2 TR TOC & 2 35 2 RN 3,
{EEE KT UUFRY) w ( TTOC/TP) .w( TFe/TP) .w( TMn/TP) .w ( TAL/TP ) () FL AR, #E T A2 7E 7 B A0 [ 5 A
R T ORI R T M T ORI B AR, T DL Fe SEALYIFN Mn SEACIBCR B AT

(4) 7 AR REAT U Y — /K FLHT pH A1 Eh 25 3438 bR 1028 108K, Horb Fe ZLBRZH pH (I
Fhim, HaR b ¥ pH 8T CK 41, pH 2L 2 iR OH - Mk B R BERER TR 2%, 2 i TR Wy i Rl
M4 AL FRL Eh 48T CK 41, HALHE T U BD-P iZ AV i v i e Akl He g I 25w, R i P A 1 U RR
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