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Abstract: Pot experiments were conducted to investigate the effects of bentonite and different water
managements on remediation of Cd contaminated acid paddy soil, soil urease activity, and the
contents of alkaline hydrolysis nitrogen and available phosphorus. The results showed that the
biomass of rice grain was significantly decreased under the treatments of continuous flooding irrigation
and humid irrigation in contrast to wet-dry cycles irrigation. Although there was no significant
difference among the treatments of bentonite and water managements, the biomass of rice grain and
straw was slightly increased. Under wet-dry cycle irrigation, humid irrigation and continuous flooding
irrigation, the contents of Cd in brown rice were 0.29, 0.38 and 0.18 mg-kg™", respectively. When
compared with wet-dry cycle irrigation, the concentration of Cd in brown rice under the continuous
flooding irrigation was decreased by 37.93% , and while it was increased by 31.03% under the humid
irrigation. The content of Cd in brown rice was inhibited by 45.29% for the combined treatments of
bentonite and continuous flooding irrigation, and by 23.53% for the combined treatments of bentonite
and the humid irrigation, respectively, compared with wet-dry cycles irrigation. The content of
Fe( I ) in the root surface of rice was significantly increased, but there was no obvious difference in
the content of Fe( Il ) between the treatments of bentonite and water managements, and meanwhile
the contents of Cd in the root surface of rice were significantly decreased. The activity of urease
under continuous flooding irrigation experienced a 21.05% and 15.79% reduction, respectively,
compared with bentonite and non-bentonite treated soils. Under non-bentonite treated soil, there was
no significant difference on the content of alkaline hydrolysis nitrogen in soils under different
treatments of water management. The content of soil available phosphorus under the continuous
flooding irrigation was 34.92% higher than that of the wet-dry cycle irrigation, while it suffered
16.99% reduction under the humid irrigation. Under different water managements, the treatments of
bentonite had no remarkable difference on the concentrations of soil alkaline hydrolysis nitrogen and
available phosphorus.

Keywords: bentonite, water management, paddy soil, cadmium pollution, immobilization
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1 #BS 7 ( Materials and methods)

1.1 MR

B R F R A SRR 8 TLOEMOKRE A 0—20 em MR L2, BHEAANXT IS,
it 2 mm G A& L AR - S AR B AR M A pH 561, PHES F A8 it (CEC) 17.10 cmol - kg™, & & it
1.03 g-kg ™', BB 0.51 g-kg ™', A HLTHEE 19.80 g-kg™", MR 0.71 mg-kg ™' Flifb b RHEE + 54k
U RN :Si0, 57% MgO 1% .CaO 5% Al,0, 19% Fe,0, 6% H,0 12% ,pH 7.60, 4% & 0.12 mg-kg™' . fit
R s34 Ry S 2 o A afinan) s BhiUKRs s b o sERE 15 W B R EETT RO B 7 BV E I 52 .
1.2 it

RIS P b AT RNZIE 1 (BN) B NEA 0.90% , % B CK) Ay AN it il i i 4= A 3. 4= S8 /K 43 3 s
3 Ab . ORI AR KR AR N, ERIGEREE 3—4 em K)Z; @ TR W, KFE 5
BEWIIT 4G, 20N T3 0eHE 3—4 em K2, £ 4 P 2L FEHE F —WOK B 2. NI HE I, 2 T 1
I, R UG ARFR RS 3 0 15 K 3 v K I (R Btk 4L ) (CKys) TR sC B HEE (R 4fifedl)
(CKgs) FIRBIEFE R (CARBEILZ ) (CKsr) , PSS I HE /K HEE (B2 ) (BNys) TR s HE M (Flifk2H)
( BNgs ) FIREIEHEBE (4fifk2H ) (BNsr).

B BT 2 mm G35 IARZHE 1, SRR A5 2 ABRH B B2k 1 7.50 kg ; [RIAS it A
JE(JRZE N 200 mg-kg™') WA GLHERRES , P,0, 150 mg-kg™") FIEPAE (BERAN, K,0 150 mg-kg™' ) VEH
JENE P47 30 d JE45 B 4Bk R S A 2L, B 2 e A 4 bk a0 BT SRR HIBEAILIX AHHES ], 7E
TR KN AT, B A3 3 IR
1.3 BT

KRR G R A T3 1 mm G5 IR A&, S I e 45 Aok g 22 R AE ) it T
SRR AL 4G pH A AL 2R 20 B 35 & (CEC) 55, SR 3R Ak # FL 4 b kil
FE pH AR 1:2.5 dOK IR, BRI 2 EIETRAY pH; A ML . AR R AT A 1 A R T IR
5 Wk SRR R-PRBE DT L (1 PHES 7 Sc it SR D-ARURR B S 1.

T IR A Cd 2R HNO,-HCIO,-HF 4k Ji MRS A )R B HNO,-HCL0, T ik A
W E . AR A Cd T AT R Tessier 0GR BO 1, 0 A T 28 B 45 EX-Cd (LA pH=7 Y
1 mol-L™" MgCLiAWIRHE) BRIRERZE A2 CB-CA( L pH=5 1 1 mol-L™' NaOAc JETRIZIE) 4t A1k
4547 0X-Cd( LA 0.04 mol - L™ NH,OH - HCl % ¥ (pH=2,25% HOAc ¥R ) MIZIEW) AWML EE
OM-Cd( Xk 0.02 mol - L™" HNO, 1 pH =2 [#) 30%H, 0, FiZ ) Fizki& & RES-Cd( HC10,-HNO,-HF {4 f#
WE ).

IKFEAREE Fe( 11) R 0.1 mol - L™ BRARSSIATRIRAR , AN OLRE M 2 RS BAR R4k 22
RPN AT BRI RN ORI E AR R Fe (D) & 8. 7655 — LR BUKRER £ Fe( 1) B 1] LITE
IR ER AT SR G Cd, 5 AP AR IBUK AR SR Fe (1) I [R)RE AT DLFEER I R 0 n] 2 G Cd 4 B iR
PR PN E [ Cd A AT DURAS KRR Cd 2 (KRR R Cd S =K E Cd B/R R E
i) AR Cd Fa AR Cd & g BRI B9AR R I I Cd & 2 Al
1.4 BHEsrHr

ST A B4R 3 R S AV S s bR AR 22 R 30K B R T SAS 9.2 AT 4840, R
/N 3 25 15 (LSD) AT YA LU, R T SigmaPlot 3 F 17 4 23 ]

2 5 591718 (Results and discussion)
2.1 N[] A BT 7K e bl R A ) 1) 5 e

P 1 oS S 5 A R K o R I 5 X R A R R A= i s PR 1 R B i 2 S
AN TR K 3P R B 45 ALk B P PR A5 FURE A i A A R, (EL 5 R B A 8 AR L JC W 22
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S BRI IE B A AL BRI | 5 TR K S A B AR A AR e A L RO VA A RN N T R A B
T, A 5T M FEAR 11.59% F 23.67% , F B A Wy 1 43 i R AR 6.65% Fil 19.96%. 5 g + &l ik Fi -+
TR HEER A AL B AR A A= A L B B A B SR 5 K 0T 7K T B R 1 o TR IR 5 A B I R A A
= HIREAR 9.06% 1 25.50% , F w0 A= 4 2 43 il AR 6.88% 1 21.67%. 4% BH 4 38 4% i i v + 46 Ak 4 42 Xt
KR A TG A S St 30 D R A AR RS A e 0 AR A1 = 2 K B 9 I 90 ) R TR T 3 o
b S HOK R 54 1 R A AN (] 7K -V TR Ak BT g 08 T W > 0T 7K > T 1B K

s (a) Rice grain 80 (b) Rice straw ab a
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Fig.1 Effect of different treatments on biomass of rice grain (a) and straw (b)

2.2 AFEACFENT I8 pH FSRTE 25501 A 520

pH 5 H1E TIEh B S8 Cd iYW - | TOTE -1 V1 4 F. 8 pH (B, RIErhiie ey Cd W&
B s MAEE pH (AT, WA A FIE ot 3 AR S48 Cd Ik, R 48 Cd 255 A iU , FEAIK
HEAJE Cd YA S S A BRME B 5508, Cd B3 # 3 b7 B i He il a] LA 10% B 4k T2
50% ;4 pH<6.0 B}, Cd A3 5 B i 1 LU AR 8 7E S0% 2247, 22 AL Ja il — 8 40%—60%. fir L), 1
8 pH AR R AR AVEY) Cd R i R R 22— 18 2 Wi - A E 5 5 AN [RIK v R
X 358 pH (AR5 M. i ] 2 0] UL, 3 S 0 B A Ak RS 3 K E T, 358 pH B L TR
TR AR08 ) VB TR Ak 43 S8 0 0.31 1 0.38. FERZE -GBS T, K AW K E TE | T 00 08 0 R i) R
W AR B A AE 3 pH (310 0.94 . 1.16 F1 1.20. 1041, 7E i AT AuE 2 | K309 /K R L 118
THE TR T T TR B 49 pHL (43 034 0.09 F1 0. 12. 6B TR I gz 4l Ak 46 2 0T DAAT R v 8 pH
.18 3 Iz BB SR 5 AN [RIZK 53T BRI 5 % - S AR 284341 () S ).
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Fig.2 Effect of different treatment on soil pH Fig.3 Effect of different treatments on Cd

speciation existed in soil
FE 3 AT 0L ZE R A IR L s e B2 T IR E A T IEE A 01 K AL B, I RS
Cd ER 005 B cd 819 56.02% .50.93% Fl1 43.86% ; 84k F AL 45 A58 Cd S0 5 B cd &1
9.10% .10.79% 1 15.86% ; BRFREL 45 G745 Cd 4355 B Cd 119 10.92% ,10.85% 1 7.89% ; 5% #i 25 Cd
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TR A Cd B 10.13% 15.20%F1 18.19%. 1 16 BH | K3 s K AL B ) 322 #0025 Cd FIBR R &1
LEAAS Cd BB AR, SRR E A4S 675 Cd AR A Cd & B fiss I Ak 5 K s K E I T
TR I I B A BE R, 545 B — K A R AL BEAR HE , 3RS IS Cd B R B R R 8.20% . 7.16% FlI
7.05% ; SR5E ALY EE A A Cd S 91  5.02% 3.96%F1 3.87% ; 5% 45 Cd 43 91340 5.83% .6.79%
17.90% ; ITRER 2552 Cd AR AL R B . BV g Vi + o] BF (2 PR AR - 38 5 4R Cd 197 5o, 348 in gk
EREALISE S Cd FIERIE A Cd & &

2.3 AN[RIACFEXT A 38 S A A i H (v B AR ik i Y 5 )

AR LA (ORP ) /T LR oK s e 4 398 FR5% 1 S0 A0 P s s 1k 8 T A b X A B, J 3
HR AR TR A SR AR SRR 2 BB AR, HL R HEK M IRGLXT ORP BT A 5 S Z/E T, IRl A,
SRR AL 48 Fe™  Mn® 4538 JFL M B TV B S A A AR 2 T 252 . 1] 4 SR KOs AR KR ] 4
FEXT ORP AR A (1) 52 . py Pl 4 R AL, 380 908 38 JBE |~ 308 4 T R 300 v /K M TBE T, ORP AR A3 Rl 43 31
465.80—510.67 mV ,388.39—500.72 mV F1 359.42—421.40 mV ; Ml + 5 {616 52 5 A R K 43 HE BRI A
RIS ORP 224k 78 Bl 23 514 388.26—415.78 mV 313.10—421.76 mV F1 280.23—364.90 mV.ORP K/)
PSR NTRE S A4 Ay 8] VR SR > 0 8 T > 300 W /K VR [T 4 R T AR B, 7 K AR A K 20—60 d By
B, ORP % i T, 3 1T AE R i AR K B BE KRR A A 28 W1 A8 A5 R, M- 35 i) R P 26 800 HE 3G I, 3K
IKFEAR PR SR RE 3, 38 b MR, DT 480 Ak 3 A, b T S e )5 ORP 343k B AR, 3 1]
Ae5 e 1 1 B S WS S8 pH THE, 51 ORP #E—25 FREA 6. —MIFOL T, /K FEH
ORP {H7E 200—400 mV Z[d], %7 ORP £ 7E 180 mV LA FEUET 100 mV , WK f54r BE sl 2k K & 8%
BH ;#1388 S R 47, ORP AI3E % 500 mV DA b 3R H A A& B 5 A [RIK 73T AL 396 7K A 1 8
AR BB HEAFIF .

B S R AR AL BT K AR S & s i 52 . i ] S mT UL, 3R U i i i 1 Bk s S sk, K 3 K
VR AL PR Y K REAR G Fe (1) B a2 20 ) Hb Y S8 ARV R T 360 124.45% 1 262.41% ,Fe (1l ) 5 &
BN 16.61% 11 69.55% ; 1 118 HE WEAL BE A KRB AR & Fe () &5 b IR HE BEFRAIC 38.07%. 5 T 1R HE I
AEPEAR H , FERZE B A S KT A A A BN KR Fe( 11) A1 Fe () 743 71134 179.98%
H115.36% ; (HAE R 40 S5 1R VEBR B G AL B T K AREAR 2 Fe ( I1) A1 Fe (1) 75 253 B FFAIK 36.26%
1 30.89%. M55 45 5 v LU & B, g2 i 4k 5 A8 [k 0 BREE A AL BT KRR 2 Fe (1) S 5K
TR A B AH L TG P25 5 ] Fe (1) 5 3t W 14,

600

2500

1 CKys

—8— CKys BNys a a
550 —O— BNys = =2 CKgs y/
= CKsr b = BNsr % ’§
> 450 < 1500 %’% oo
2 400 % %’%‘
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Fig.4 Effect of different treatments on ORP

B 5 AR XK FER R S
Fig.5 Effect of different treatment on

Fe content of rice root surface
TIEE AL S LA R 4 R A S T S RO N R 22— AL T AR, i T B
27 B AR IR AT (A5 R 3 Fe®  Mn® 4 3 B2 20l 085 . ) i, el T 7K e il ek HCAR R ) i S
21 ARl R 3 Fe™ \Mn™ FEAR BB A MITEAR RIEFUEA U U] . n] Wi ik A A e
JE, AT RIS Fe? \Mn® fad SRS, BT TR K AR BRI 2 Jd Cd A7 252 ). oy T /K R R R A 1 2]
THB AN KRR R BRI AR, 5 S50K e AR 2 2k 5 R R A Al 7 & A A AL 0 Wl i e
IKFEGFBENY B, ML R Bk R A 2 fi J5E | T I 328 ¥ e A1 3 5 7K R 7E AN T) AR 4K B BOR R 0 ORI B AN [
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ﬁ%LZIJ.

5 R, 3% pH {H 0 4.5—7.2 B, IR EYE Cd &5 pH (H2 B EAAHC, X pH Hh 4
B}, Cd B R 0] LA 50% , pH (EFFZ 7.5 BF, gRARMERS ) L4 rp Fe™* & fE— 2 R L nl LA
HE - HER E AL JFOR L, T Fe BB S PEAESNT 4 Cd A9 R0 ka9 Wl AR Cd P A5 .
WK 13 Fe MAFAEIE S E L E 4% (41 Fe, 0, Fe( OH) +nH,0 ,a-FeOOH ,y-FeOOH .Fe,(OH) ) , # /K
FM T AR BRI, 2 T B E A Fe 243 P50 B AIRAH Fe™ V8 14 1Y 2l AR . S50 18 7 21 HE
K IERE AR 4 B Fe 2155 B4 TC LGB A T3S, Horh S0 Fe 3RS K, A LA Fe TR B 5
I T SE A Fe FIBRIRERZS Fe A FL PR 39 1M S5 | 20398 rb e ] Bl 348 70 B TR i 386 2. 398 Fe™ 25 HE it
- T R R A v A R, 3 e AR b b R 5 RS K R AR 2 AR MR A AR Ak, AT R i) 7K R I i 2R R
Cd"™* i K FE AR F BT 39 T Cd MR MSC B AR KRG R P A B g b T 2 P 62 B T AR b s T o
IKFEAR ZR X Cd AR, AR AR B B K REAR R IR (0 JEL R 2 Ak A AR 20 Cd IR B T Fe
BB A, KSR T KER Fe™ 5 Fe B i & ARELS &, SOB R HBIEAT Cd 5455 1L
N T K FEXT Cd e ZAR
2.4 AN[R)AL RN AR RE b L B A A R

Kl 6 M iE 2 5 AN R 7K o3 E R EK G Ak 336 7K e il U4 2 S 2 e H 1T 6 RO, IR VS i
T, 5B L, K KA B ROk R SE IR R B4 R Cd & =4 i I 37.93% |
61.97%F1 41.55% ; 1M 1 108 E W 1) Fed oK A oo s e B 4 | Cd 3 5 00 3 0 38 0 31.03% ,25.35% FiI
35.219%. Hor 1RV E | V0V VR RN K B K EE T, REOK R 4 i 0.29,0.38.,0.18 mg - kg, 1 HH
KM AR AL AT DL AREOR ) Cd & i BRI E R B8 L bR fERR fH 0.2 mg- kg™ LATF, 1M 118 7 Bt
SEFRAF TR KR Cd AEH].

0.5r (a) Brown rice 251 (b) Rice husk
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Fig.6 Effect of different treatments on Cd concentration in brown rice (a), husk (b) and straw (c)
5 — K - E IR AL AR L, B Al 5K K | TR I RN T R A A R AR K Cd

A IR 48.33% 41.38% F1 44.74% FLrp 5 T 1BHEEAR e, K s /K Ab BRESF AU AR K R se AR B Cd
E O BIFEAK 45.29% 65.00% Fi1 49.32% ; {H 5 1 FE R AL B A AR K R 5 AR B rp Cd -5 5 00 40 391 384 i
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23.53% ,22.50% 1 24.66%. F i g Wi &l Ak 5 K M K 6 A AL BEET DK A oK Cd & iR B AR F)
0.093 mg-kg™' BRI B L, 7ERR VKRG H E )8 Cd 15 R B R T, fEEE i 1K
IV CIIDRTE 2t Ao (R &

Kuo 7 HFFEIN N, B4 )8 Cd SRR DT s L e + 68 4 )@ Cd A R E R AR A E 22
JERIR 22— 3K I /K R AL T A MR 36 Fe™ 1 Fe™ 1 i 25 15 T 11 A0 5 M R B e M AL B T
WS /K R AL P T /K R P Cd % et 30K T 100 A 2 T TR R W Ak 385 36 T 3 st PR T K R AR
% Fe LA WA W (R | 76— E MR BE VS I P, P AR 338 Cd R AKREAR N A3 A% A Y T3 1
48 Cd FIAEPI AR AROK AR ZR Fe™ fb G W HARAE 5 1) 32 A0 T I vfe B 1) 40 L 336 v pl T oK
FEARZE Fe’ MLA W3 143 Cd BIWLRMAE IR T Fe® 14 Cd 11035 2 W FRHE T, 5 380K 300 98 7K Ak 3 Y
IKFEMARPY Cd 752 8 381K T 11 5 2 T TR 3 V0 R A B, - S R B i)+ B A A B S MR R Fe™ i
A I O AR Fe™ Bl BN, RBUKFEIERN Cd & & TR IO, B R IR &M T4+
SRR JFUIR A, K B B AL A JFOARAN S, 40 SOT Bk i 8™, i T Cd> il 5 8™ A sl xEvA MY
CdS WLTE , I [ BE AT LA BRI H IR 4 IR Cd TR B A B9 23 KR K 5 i, Cd™
A S* BB TI1% B A EEE T CdS AV AR, Ul B M /K 498 ] JE B AH Y CdS.

2.5 AR KRR AR R Cd & A5

B 7 AASFAREEX K AR R AR R Cd Sy sgm. i & 7 a7 0, 5 R B i i ik AL BEAH HE , 78
i1 A Ak 5 U0 K TE | Y R T RV T R B S AL PR R, KRR AR R Cd B A BIREAIK 37.79% |
30.91%F1 31.83% , KFEHE Z Cd & B4 SIFEAK 39.09% 34.41% F1 35.63%. i T Atk 16 5 5 K W1 K
TR I A AL B (R /K REAR R Cd 3 i 43 A 5 10 T R0 i P W K A A P 1Y 73.97 % F1 66.94% , HR
F Cd F R 54.929%F1 50.12% ARG LB E T, KW K AL B KRR &R Cd &
0 E AR T IR AR T A B ; (R, B BB R R KRR R Cd & =38 W TR o
B, 5 U098 7K VR TR Ak L o PR AT - 2 ORP R fin - 38 Fe® 53R RS PHES IR, LA KA 8 7K R ) 14
T pH VERR A28 T 138 Fe™ 5 Cd™ SR T AL AU SE 4 Bt K FEAR 26 Fe™ VR R Cd S iE it
DG K Cd BBE AR Cd & & AR R 3 A DG et G A R W MR Fe (1) AR
Cd W F AR (r=0.56) KK Cd FIHREE Cd S W E IEAHKE (r=0.51) , 5RE Fe( 1) 2 8 F AL
(r=0.48).

3 CKys BNgs
zzz2 BNys K= CKsr a

Cd concentration/(mg-kg™")

B 7 A FIAE BT KRR IR 2R 60 5 i R R

Fig.7 Effect of different treatment on Cd contents of rice root surface and root system
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IR P e R b S SRS SR A P R R A A B4R Ry P O R WSRO
RIPEER, Gy L b A= WAl VA, SBENE ) W R AR R, [R) bk RESRAE L 38 1475 G RO 55 IR il /2
— il LR - e S A LA K R AR T LB R FH A JCHIL S RA ) i, 3 P — R
JE b e T R B RUK - S BE T R R A RO R ARV E A R IR B SR, TR
A SR BRI IR A AR AR R 1 AN [R] Ak BHXF - SR R R 1 R e A A O R A R R R 1
AL, SRS INIZNE LB, 5 TR IR AL BEAH bE , T 7K R T AR 108 4 R Ak L - S8 DR
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I3 AR 21.05% F1 5.26 % . 15t W 303348 /K FEE R A T 2 it g, - SR DR T8 0 1P . 25 e v 3 8 g A
A SRS R S TN R AL B b TC W 2% R AR RS R R S TR AL FEA L, K
VAE 7 T R AL 3R B - SRR I 175 R AIR 15.79% , 17 10 JRE IR AL 3HL S - SR IR 6 075 1 TE 28 1.

IR TR A B, Y IR AR Cd iSRS, AR Cd AT A S 0 e
BT AR M ORIESS A BN A P 4 25 [ 254 RS B O AL RE T, I 40 1] g
PR35 TS DA T 2 M) - SRS A 5 sl 28 o 82 ) SR A ) ) A R B, D/ ol A W A PR R ) 5 B o 2
[F)-42 5 0 - SRRV R I T BB S | IR T RS B T BGE | IR M R AT A [ R
B i, 2 S b o A QO S A ) TR AE.

R ANTA AL BT SR R I I 11 % T it SRR A 2t 5 i ) 5 )

Table 1 Effect of different treatment on soil urease activity and alkaline hydrolysis nitrogen and available phosphorus contents

b B iR Bt TR 2R AR

Tteatment Urease activity/(mg-g '-24h™") Alkaline hydrolysis nitrogen/(mg-kg™)  Available phosphorus/(mg-kg™')
CKys 0.15 +0.06 d 157.0326.03 a 30.102.86 a

BNys 0.1620.04 ¢ 153.41+7.21 a 30.48+1.62 a

CKgs 0.19£0.02 ab 165.83+5.38 a 22.31£2.53 b

BNgs 0.19 +0.02a 161.92+5.67 a 23.00+3.18 b

CKsr 0.18 £0.03b 161.79+6.15 a 18.52+2.39 ¢

BNsr 0.19+0.02 a 156.30+8.29 a 18.01+1.84 ¢

1 AT U B, KRBT 5B BT, 5 T 1R AL BEAR Eb , 1 30138 7K T8 T A0 10 4 % Acb B
) = SR 2R i 0 PR AIR 5.319% 11 2.44% EBAAE UG 2514, AN [R] 7K 4o V8 T Ach L 06T = 9 ol e 27 i
SRR KAy R R R HEKR A K LT WA E 2T 3l ad « DK R & B AR Bria S (a0
TRASH AR 5 ) RE A% 48 T 1 A A FRN S AR S H A, R S A T AR T (K R AL T
NH; 5 NO; IRAERT BRI ARER AR AR ESSERNES AR T AR EFE K
Wi KR e S e A T TR AL L, RV RH K AR TR AR R E WA, & S 8O
B AR B (8™ AR BB ST K /K T DL PR IRRPR P E 48 Cd & i, B /KA
ai BT T DL PR BUK FEFEOK 42 8 Cd T3 9% SRR AR 7 et AT BE A7 AE 3 B V8™ J T8 s 21 7% &, {H A4
R T B REOR E AR Cd V5 YR &, R4 30 B 108 2 T LA A2 1Y)

VISR R 5 T URE WAL B FE , 013 7K P IR - AT R 1 B 34.929% , Y EE Tk
ik - 49 50l 5 i I RAIR 16.99% . 158 BH AN [ 7K 43~ HE TG Ak B X6 - 3945 2550l 5 1 g i 5, P K K
TEEAT ) T A 3 rP i 1 3% A i 28 RV T DATRMSOR) FH A K s Al A RIS i HAifkig 2 T, 5
T T R AL TR L, K T34 7 TR TR R VR YR Ak B - MR A L 0 I RRAIG 5.26% il 3.47% . 3 I i
8 B A8 52 o) SRR 20 5 e TJC B S 5 e T S VA 7 R TR A B P - S AR S S S 0 32.52% , 1%
TEVEE TR AL BB - A9 AR 1 R AIS 21.70% (R34 5 R BSR4k A8 52 i 30— /K S E R A 3R 1
AT RO B AR AL TC B f 2 S U6 BH VS IR - B A8 B0 - SR ORI SO 0 AT R AN 27 A
HH S5 T A O 1 i 0 A Tk TR B R TR K T A BT 3 .

KA /KRR AL PR T, 30 R0 5 2 0 8 VR0 1 T T T R v R Ak i, R R B PR K K
VEWEALEET | -4 pH A 38 5 T VR WA e R AL B, 5 B ORP PEAIK, i Fe-P I AL-P 1A fif 1M
PRl o Y SR e L BB 52 R, 3% pH BH . 7HE ORP ME— 2B [5G (EH A3 & B 5
B — K AT WA LT B B AR Ak AT Bl pH TS5 5 ORP BEAIREE— 25 4. BT LA, pH #il ORP XJ 44647
RO & TR LTy R i — DR B AERR VRS, R A & R S R AR Cd A AL
ANEH R, R ER T 4 10 F A 3S TOALeE EZ LA H, PO, EXAFTE, 5 Cd™ 455 T8 Bk P )
Cd(H,PO,) ,  AER IO 3 B A UTTEVE F R A R AR 8 Cd A TE T WS /K B A3 I+ 1A 00wl &
i, P R A A A A
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1034 EZS 1k 36 %

g3

3 758 ( Conclusion)

(1) A5 U39 7 Y 0 ] R SR Ak T A A8 AR /K e e 4 AR RES 5 2 i, AR AR I A A ) Y > 4 30
T8 K E > T 1R VR, T - A E R X RS AR TR KRG L3 A e i I AN T

(2) I A AIE R 5 OR TR K 43 FE IR A Ab AT DA 58 i 358 pH (8, e b i i 4 Ak 5 4 300
IKHEBER A AL FE 39 pH AE T f ok B . K 09 /K A B ) 3858 # 35 Cd AR PR R 45 A A Cd % & i
I B F AR S5 B A Cd FIFRIE S Cd & dme . IS NI £ 0l 35 PR L3 T 4R Cd i9Aa &5k, 39 m
BRAREALEE G Cd FIBR S Cd &

(3) 5T VR R AL AR EE 2 17 3 Bk Ak B AT DA S5 B K R AR K Cd 5 (B v /K E I mT LA i
AR R Cd B . 5 P — K S VIR BRAH L, 0 B AR08 5 5 S TR) K 43 WE SR B 2 Ak B AT L) o
b M RARR K Cd . L, 7E R YR K RS 48 Cd 15 Bl b B & T, PRHFAE H 1 01 /K mT
DU E R A &

(4) FRME /KRG K A IR A PR | - 98 MR It 16 2 5 S 00 TR 0 Y0 S D A L A P S, S i
T Bl A S I R TG PR AR T — R (. 5 T E A B A b, K 30 1 7K VR TR R 8 1 TR Ak B
Xof - SR SR S AN I S 5 (L S0 9 K TR T T LA S A e S TR T T T U)W LA AR
A R R AN - A4 B X S A R AT S (AT S 3 G S R
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