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EBEAXKFTHRELETET, M 110044; *F H
Y8 110016)

AT AW OHAEE YsiE X F

(A XFFRRE LRIALFRE, WM 110004; 270 K5 RIRF EFREA

HFRAMERESHIN, TEARFREFEASEFBLIBELLTEE,
B N THETE pH AL ER T Cd BA 9 th %, KX Visual MINTEQ 3.0 # #
o AR AR % ik (ASV) B R £ 3% pH 251 % 4.0.5.5.7.0 7 8.5 4R E EHMM AEFE X
METEMYELERTLELRRP CAABS A, BATHHEERLW A& pH WA
B2 A AR CAT Y B R RN, P R R AR LA CA A
VAR Cd B ] K 46.1% ~3.2% , FE A 5 H 60.9% ~9.9% ; % +3E pH=5.5 i, LIEE K+
Cd BAEE AL A (CA-DOM) £ ;2 FAE M A, 4 A pH AF T ELF LIEER
FCAWHIAFH TARERR, ERERRT AL A C S bRA, T ASV &l
MELERKA . AERRLEER T B EME Cd & B EMME Cd o H B A& /N (pH 8.5 #)
1 5.5% % 5 K (pH 4.0 B ) B9 79.6% , T 4 W L XL B 11.8% ~86.7% ; B 7& P Cd Hy
M E 2R 5 Visual MINTEQ 3.0 A (T H 4 R B F 4 X (R*=0.80) , W17 I AB I IE T 52 5
BT R EE,
KR pH; Cd; BA; A BK L%, Visual MINTEQ 3.0 4 A
HESES X53 XEIRIAEE A XEHS  1000-4890(2015) 1-0130-08
Effect of pH on cadmium speciation in rhizosphere soil solutions of different cadmium ac-
cumulating plants. LIAN Mei-hua'®, SUN Li-na’**, HU Xiao-min', ZENG Xiang-feng’,
GUAN Xue® (' College of Resources and Civil Engineering, Northeast University, Shenyang
110004, China; > Key Laboratory of Regional Environment and Eco-Remediation, Ministry of
Education, Shenyang University , Shenyang 110044, China ; *Key Laboratory of Pollution Ecology
and Environment Engineering , Institute of Applied Ecology, Chinese Academy of Sciences, Shen-
yang 110016, China). Chinese Journal of Ecology, 2015, 34(1) . 130-137.
Abstract; In order to understand the effects of pH on Cd speciation in soil solution, anodic strip-
ping voltammetry ( ASV) and Visual MINTEQ 3.0 model were developed to characterize the spe-
ciation of Cd in rhizosphere soil solutions of Cd-hyperaccumulating ecotype (HE, Sedum alfredii
Hance) and non-hyperaccumulating ecotype ( NHE, Sedum sarmentosum Bunge) under different
soil pH conditions (4.0, 5.5, 7.0 and 8.5). The model simulation results demonstrated that the
proportions of Cd* in soil solutions of both two plants decreased with the increase of pH. Cd**
fraction in rhizosphere solution varied between 46.1% —3.2% for HE, and 60.9% -9.9% for
NHE. Cd-DOM complexes were the dominant Cd speciation when pH=5.5. Cd*" fractions in rhi-
zosphere solution were always greater for NHE than for HE, but Cd-DOM complexes were the re-
verse. In addition, results measured by ASV showed that labile Cd complexes varied from 5.5%
(pH 8.5) to 79.6% (pH 4.0) for HE, and between 11.8% —86.7% for NHE. Moreover, the
fractions of labile Cd measured by ASV were significantly correlated with those calculated by the
model (R>=0.80); the results verified the suitability of both the experimental and model
methods.

Key words: pH; cadmium; speciation; anodic stripping voltammetry; Visual MINTEQ 3.0 model.
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2014 4 5 Y« 4 [ 3 TE Ytk ol R A S i
7 4 A HEAE U | R S R AR
REIE 16.1% M1 19.4% ; ToHLT5 Y P8 AR s A 50 S
LEERBAR SN 82.8% U S JEIG Y h 2 H A4
BB (Cd) TG YL ™ i, 2 Cd 75 YL i 07 AR R Hy
7% , H -1 Cd % w4 s e 2 4 5 50% (A PRER S,
2014) , Cd A LHEJE , it — R AL O ik 5
ST 24 B - K A BT R, A D
AL, IR Cd G R BT
APl B A I g AR K (BEFLIH, 1993)
X Cd TEMSE IR RS e Al T BRI T A= W36
A E S ( Cances et al. ,2003)

IR AR TCALES T T i LY
A5 Cd T &0, Hh T 64 Cd ]
DA3E 2o V5 WAk 2 B0 A B0 R B A AL
25 A5 I F TV A A WL 285 ) 1) S o P AR 4 7
W, THEAILBA ) R FE 3 A5 S 5 e i)
ST, AR KFCIA AL 2 A A A AR L WHAM 6
MINEQL+4.5 , Visual MINTEQ &% GEOCHEM #5411
TR 2R A R P 48 P A FIE S Lk
T HE( Nolan et al.,2003) ., H:H NICA-Donnan F5i %1
PR R RAE 5 4 B - MUK R SR Sk i 25 5 1
R ZAEI T ) B T R0 22 B 4 TR 4 A s AR R R
PE AR A | PH S A8 R F N 5 15
Wi (Weng et al.,2001) . 5% K SC 40 45 R 5 HE A
RS G BT LS8 AR R G (R KAk
HIEFVEIR ) EE IR A VLY M E SR -T2 )
MZE GIEATZE G AU, IEAF 2] T 84 AL OR
(Eighmy et al. ,1995 ; Milne et al. ,2003 ; Astrup et al. ,
2006) , Cloutier-Hurteau ( 2007 ) B B T~ %6 £ 4 Hi #2
%5 MINEQL+4.5 \WHAM 6 [ i 5 % 4% & BF 5% T
TR AR B S AR PR - 58 Co®™ TR, 45
T MINEQL+4.5 71345 5 5 S50 45 ] W) & 5Ly
Weng(2001) A1 Dijkstra 55 (2004 ) & F Multisurface
RREARUREL 7 i | XoF - 398 0 7 3 A B b i (1) J 42 @ i
B A TR AR LA I S SE M E A &, Li 5§
(2013) F Visual MINTEQ 7145 A fig - 52 56 A
RTHEESIEEESKEHED R DOM 5 Cd
A R 3 Cd TSR HLED, IERT TR R
F S M R

BB ED LS4 5 15 pH % UIH
XK, pH I AR A 49 o 4 i R R A A TR R
TR v e PERE R LR E AR MBS

O3AT (ORREESF,2011) , #0555 (2005) BF9E 1+
9 pH {H(4~8) BASML N H 4 )8 Cd AL SRR
i, WF5EA5 H Cd AR RIFAAEIE A BE pH AR fR i A8
b, B P AS Cd ki A Cd &kt
45 pH BRI, Chuan 45 (1996 ) X 75 Y -+ 48
H1 Ph Cd Fll Zn MIEASWF5E R, ZEME 2514 (pH =
8) B}, AR TE 4 JE & EARMK, 78 pH R 5 BHFA RS
AR EAIN MAE pH O 3 B, ARCEE S R E
T EHAN, Wang 25 (2006) #5 1, A% 35 pH (4
AT AR R HE 5 3 i SR R RN $2 I Cd 80, 76 =
WL RMIC A B Cd 75 Y 4 3 b i 32 B R 43 51l ik
36% M1 40% , BLAN, 138 pH 0 o A8 XF £ B
BEIRWBHE L EAAERES W EAEEY MW
(Jing et al.,2004;Zhang et al.,2008) , A CHEHIRF
HPR S R 55 | 45 45 Visual MINTEQ #2555 BH %
AR (ASY) BFFE AN R 3% pH R AT Cd &
SR YR PR S AEAR PR 80 Cd IAFE IR K
G3AT TRV RE S 6 28 L SRR HEA T LA, XA AR
(1) S I R T 30

1 #RExF=®

L1 e

P 3R B BT AR B X B 2716
oo TR BB R B RARE , 2k s AR 1 1
g, PR TR A 2 R I R
W 0~20 em(R)Z L8  HILATALER L 1,
Horb pH SR LA AT LB SR T E B TR 0 2 ik
PR A R SRR B, 13 Cd 2R
HCI-HNO,-HF-HC10, 4= 73 fiff 1) 11 i 7 125, KA I
WG TEAS (52 [ L BLZE Spectr AA 220) 5, fit
RAEY 2 Bl 07 10 A R R 5t K (Sedum alfredii
Hance) 1 H FERF2 Bt i ot 3050 i 443t 3R 1L
He B ZEEE ( Sedum: sarmentosum Bunge ) 5 4 i 5%
KA g 5 KB W T AL T 1T 52 AR TSR
L2 ik
1.2.1 A pH HIERHIF  S5ikit 4 4> pH K
L h4.0.5.5 7.0F18.5 15 A+ pHAE N

F1 HilTENERBUERE CdaE

Table 1 Basic physical and chemical properties of soil and

content of Cd in test soil

pH  AHLB CEC  +Hecd & HUBA(%)
(g-kg™') (omol - kg™') (mg-ke™') WHRL Wk Kiki

6.82 25.70 17.08 0.11 26.42 39.81 33.77
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ERAE BdE 1

6.82, T RIHL A pH 7.0 +, Hifl 3 4> pH 7K -1 1]
H,S0, 1 CaO #4795, TEHI & AF pH /K-F 1+
HEZ H b T TSI, AR AR - A R T T
pH Ze s it , 43 AR IR A 22 b 78 s T3 A 3 H
br pH {8 Ffr it FH H, SO, #1 CaO 1Y & ( Muhammad et
al. ,2012 ; Barrow et al. ,1990) , EAFH & WL 2,
1.2.2 #@Ass LA AT 2 mm IR
sy #ral 3CdS0o, - 8H,O W, ¥ 3 50 0 FE5T  fiff
A 434S Cd FH N 20 mg - kg™ IRA) G ) 1 3%
R E T IR e 3 N . # N: 0.30
g-ke'+,P,0,:020¢ - kg +,K,0: 030 ¢ - kg
Tt AL, it AR 535124 (NH, ) , S0, KH, PO,
I K,S0, 28545 1.2.1 J7 kT 13 pH, 23k
W E FEMNER 13 M 10 em, 520 15 em WI4E
BB ke IR 3 HRIEY, BRI 4
A pH K- (ARG R R ) b B 4 WE A .t
FE Rk ORAF 498 B K i Ry ) e KR /K 2 1 60% ~
70% , BHOGCIR 2 IR 45 18~ 25 C /A K 70 d
JEWOR I AR AR PR AR R -

1.2.3 IR S ot IR A BRI
AN 10 ¢ A B0, il 20 mL 0.01
mol + L™ KNO, WK, #7327, 10000 r + min™" 5.0
10 min, i3 38, 78 W B + 3% W ( Sauvé et al. ,
2000) , FREHU HEE W T B A 40D (2
SR 5E pH; IEWT 0.45 pm TFLIE IR J7 3 BH
PR Hh AR 22 3 00 2 v v v L S MR A3 Y Cd Y i
TOC 43 H74% ( Analytik Jena multi N/C 3100) I & %
fif A LB IR B2 5 B A3 A (&2 1CS5000 ) ) 2
K* Na* Ca’* SO, \NO,” . F .CI" NO,” PO, ; {1
5471 (Contr AA 700) J5—F M AT I 2 - S35 v A
Cd %,

1.2.4  JyBABES IRAR 0L A SE5 R J I B
P AR 22 3 (square wave anodic stripping voltam-
metry , SWASV ) 2 4358075 W oA FL Ak 225 PRy Cd
%2 7A[E pH TEEFFE H,S0,%1 CaO K ME

Table 2 Amounts of H,SO, and CaO added to prepare fi-
nal soil pH

pH S 18.4 mol - L™! H,S0, Ca0
pH (mL - kg™' 1) (g-kg™' 1)
7.0 6.8420.21 0 -
4.0 4.12+0.17 4.2 -
5.5 5.61£0.13 1.8 -
8.5 8.47+0.23 - 3.8

- JoH e,

i, SR SRS, VR AR AR (R
HOGAE R R & R A BRA R S TAE R, #1H
e (Pr105 B RSk E BRHE & RA R AR b
5 By AR, PR R H R LR (RO232 Y RS R
FHE R IR TE]) 5 R 4R il FH AR
Peh 1 e 1 AV il R v vk , 45 2 B 11 €0 Y r AR 22 1
Ji , ST 2 FHZE AR K 3 U O B R0 T, i R v R
ki, H AL 22 S0 A WPG100 1 H A7 {18 H i A
(Ver. 1.2) P58 i, FHRE I8 HEa8 F Sh B $R5
IEETAER I LI -1.4 V A IR0 & 4, 4k
120 s, &R SEMUG A LR FE TR FE 10 s, RITTT
FHMR IR R 22k - 1.4 V [AIE D5 A #] 0 V,id
MRS MRS BRI LA
-1.4 V, B LR 120 s, FAFEE] 10 s, 77 4R IE 20
mV, BrERHLAL 6 mV, JriA 3 20 Hz, SE80bnifE il
(B 1) TERE R Eh 22 P WK &R (0.2 mol « L7
HAc-NaAc,pH=4.6) W#1T, prifE f 4y « FhC R
BARMEER Cd R E, B TRR-SR%E YA
A TR DRI Ry IR Ay Cd A AR A
T W R Cd F i (Cornu et al.,2009) .
1.2.5 Visual MINTEQ B Al SZ 55 R H Visual
MINTEQ 3.0 fAEHL R W b Cd™ LS &35
Cd U AN EDS Cd B, A SEHE +1E
VW pH DOC B Cd K™ Na® Ca®" \Mg™ |
S0, \NO,™ . F~ .CI" PO~ (KA i) \NO, ¥ B,
HHEAW T Cd S A LT (DOM) B4 A
NICA-Donnan ( non-ideal competitive adsorption
Donnan , JF H#AE 55 4P W B ) A 7Y ( Kinniburg etal. ,
0.5¢
ol
-0.5F
-1.0F
-1.5¢
-2.0Fr <
-2.5¢
-3.0r

-3.51

40 0 1 2 3 4 5

45 , Caprao) G . . .

14 12 -10 -08 -06 -04 02 0
HLE (V)

Bl1 HIERE CdIRER 0.12 pmol - L' FRBHAHK
ZE

Fig.1 Stripping voltammogram obtained in a soil solution
of 0.12 pmol - L' Cd

FRUEMIZE T« 4% 0.2 mol + L™ WMRFEZE w A R Cd AT,

E,,=-0.61V

»=3.6718x-0.6224
R’=0.9971

L (nA)
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1996) 5 , 55 DOM Hi 65% 114 & HLFR Al 35% 14 IS
HE R ZH B ( Milne et al. ,2001 ; Milne et al. ,2003; Cor-
nu et al. ,2009;Li et al. ,2013) ,
L3 Hdlaatr

SCIG BCE SR F Microsoft Excel 2007 £ SPSS
18. O FAF A TR TE ST AR DG 537

2 ERENH

2.1 I EAE

M 3 LA A E pH B 2 FRAE AR Br £+
B pH BMC T AR bR £ . 7R i 5t RAR B
W pH AN AR AR R 4 M A o BIRRAR T
5.2% .7.6% 4.0% 1 2.9% , F 2= e KA AR b FE AR AR
B HEAWARIE 0.4 > A7 5 17 30 A AR PR 5 IR AR
B HEA pH AH HL I 25 SR, 3 A2 0.1 4>
AN, 2 FAE PR R A S W DOC v B 3R AR
RO, O R R E S HEIH R, R
SRR pH & F AR Fr 4580 WY DOC ¥k K
66.95 ~ 87.95 mg - L7, T AEAR bx + HEIE W R
47.75~62.32 mg - L7 R FAR PR SRR PR 5075
T DOC ¥ 8 5 78 1 55 K/, ALK 39.06 ~ 63.77 Fil
28.75~48.04 mg - L',

7R A S ORI 2 AR PR 5 R AR PR 38 P
Vgt Cd B Rt BE 48 pH A% 34 K B o b,
AR e RAR PR AR AR PR 3 W P R Cd Fr ek

#3 AEpH THIEBHAELFE

Iy 48.5 F1 66.3 wg - L7, f/NH 6.5 Fl 11.6
pg - L7 A EAR PR 5 AR AR Pras K4 3k 79.1 A
85.7 wg + L', ®&/NM 10.2 1 11.7 g - L', +4
VA TR PN He At =2 L BH S R S L SO, MR AR
pH 4.0 Fl pH 5.5 +3E¥ 4 pH 7.0 5 pH 8.5 1]
AR, T Ca®* 7E pH 8.5 iAW A HoAh Ab TR IA
Sl i RS R g U1 DN 1 e w1 ) | R 771 K
Hoh e A R pH S860F T A2 a1 i
2.2 BRI W Cd TR A RHE

M 4w, N[ -4 pH T (4.0.5.5.7.0,
8.5) /b ¢ KARPR AAE MR PR R Wb A &
Cd™ (i BT Cd 1Y 153 3R 67.6% F1 69.3%,
39. 9% K1 48.5% ,12.9% F 18.9% ,1.4% Fl 3.2% ; T
AN 55 K 75.1% 1 76.7% , 55.7% Fil 63. 0%,
21. 1% K1 27.8% ,5.0% M 5.5%, Z5FF2M , #i[F pH
FAE T R P AR By W h Cd™ BT o L i) 5
FEARPRAR FL A, A UL &4 (Cd-DOM) fir 5 kb
BIARXS 8K, I HAR FE o RAR B+ S8 W Cd-
DOM Wy b Bl e a2y, IR WP TS G 38
Cd(f24% €dCl* [ €CdSO,(aq) ,CANO,* . Cd(S0,),” .
CANO, ", HAth FL Bl /NTF 0.01 AR5 fT o5 FBiI7E pH
4.0 B HH A A B S 8 B I AR /N, B A AR
T A S €SO, (aq) BT i Fe Bl HAb EHL L A
A, HAE pH 4.0 BT 5 He R 6.6% ~7.7% ; Lk
J& CACI™ 7€ pH 4.0 BT (5 Ee il Ry 2. 1% ~2. 6%,

Table 3 Basic physical and chemical properties of soil solution under different pH

{67 pH 13 5 cd DOC K* Mg?* Ca®* - NO,” 80,7 NO,” Na*
G (g L7 (mg-L7) (mg- L™ (mgoL™) (mgoL™) (mg L) (mg-L) (mg-L) (mgeLh) (mgeL7h
KERE 40 R 3.98:0.03  485:4.2  66.95:6.14 255.8:10.3 464254  1345:92  214£2. 18203 1673105  316.7:234  23.4¢3.4
Bk 4311002 663255  4832¢5.64 2403:115 450850 13026103 19.8:2.4  1.9:0.4  154.0:11.6 3123228  21.23.0
55 Ru 5.26:0.04 278224  67.65:6.38 2539:13.4 478255  1364¢75 234230 17204 98.9:8.85 31342214  22.5:3.
Bk 551£0.03 423234 4775:7.02  241L1£126  46.1£55  132.8+7.8 20029 1906 9548892 3129:227  223#32
70 Re  6.53:0.09 164124 87.95:6.89 2523+139 48159 1412694  258+41  23:03  56.5:5.14 3105287  22.8+29
Bk 6.920.06 27.9+4.6 62.32£5.48  248.6£12.7 45.3£4.3 136.5+9.8 23.3£2.2 2.3:0.4 54.0£5.23  298.9:15.8 19.2+2.9
85 Re  822£0.11  65:0.9  85.13:758 2509¢124  45.8:4.4  188.3x105 22529 2000  553:435 3115:256  24.5:32
Bk 857:0.08  11.6:2.4  50.00:436 2387¢123  434x46 17912108 23035 2.0:03  52.0:4.68 31042205 232431
TAE 40 R 406:0.03  79.0x6.5  40.63:5.66 243.2:12.6  47.2¢57 132387 20826 1802 1669123 31532233  21.5:2.9
Bk 4.16£0.05  85.7:7.2  32.15:481 237.6:13.1  44.3:57  130.6:7.6 184522 1801 15742134  307.6:245  19.7:23
55 Ro  543:0.08  52.5:¢44  39.06:5.92  250.6:14.5  47.8¢48 1365481  232:29  17:02  101.2:103 311.5:25.6  22.3:24
Bk 5524006  57.9+52  2875:272 2433:156  45.4:43 1301276 21.3:13  1.8:03  96.8:85  310.8:227 221123
70 Re  680:0.08  327:32  63.77:4.59 2567167 486557 141687 254823 22:03  57.6:42  308.9:268  233£30
Bk 6.86:0.00  345:35  48.04:356 238.4:132  46.0:58  136.8:8.8  24.5:33  21:03  55.4¢43 30261204 204226
85 Re  844:0.12  10.2¢23  4775:1.83  2467¢139 464255  1907¢10.6 21925 22:03 543246 30242213  24.0+36
Bk 8.51:0.014 11724  38.67:2.60 2345:125  453:53  1824x112 223122 21202 53.2+¢44  300.9:19.8 228434

B A FIEARERE  n =4 A FAT, Rz RRIRBR , Bk FRJEMRER
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ERERE HE3ME Fl

% 4 Visual MINTEQ 3.0 BT EARE T pH FHTFEREERAETERR P Cd HEES T (%)
Table 4 Results of Visual MINTEQ 3.0 calculation of Cd speciation in different pH soil solutions

bi-t7] pH HIEER Cd* cdclt CdS0,(aq) Cd(S04),% CdNO,* CdNO,* Cd-DOM
AMER 4.0 Rz 67.606 2.251 6.839 0.118 0.122 0.632 22.408
Bk 69.261 2.153 6.595 0.105 0.142 0.645 21.088
5.5 Rz 39.931 1.467 2.409 0.024 0.077 0.373 55.708
Bk 48.53 1.78 2.913 0.029 0.094 0.453 46.191
70 Rz 12.877 0.477 0.449 - 0.025 0.121 86.041
Bk 18.914 0.699 0.626 - 0.037 0.178 79.53
8.5 Rz 1.366 0.049 0.041 - - 0.012 98.516
Bk 3.27 0.118 0.098 - - 0.03 96.41
A 40 Rz 75.14 2.499 7.572 0.13 0.138 0.702 13.801
Bk 76.74 2.552 7.73 0.133 0.144 0.717 11.969
5.5 Rz 55.689 2.042 3.335 0.033 0.107 0.519 38.263
Bk 63.037 2.309 3.762 0.038 0.122 0.587 30.133
70 Rz 21.063 0.778 0.729 - 0.041 0.198 77.174
Bk 27.752 1.024 0.955 - 0.054 0.26 69.933
8.5 Rz 5.04 0.18 0.149 - - 0.046 94.53
Bk 5.499 0.197 0.162 - 0.01 0.05 93.985
“ " FIRIZIE S 51 <0.01% 5 Rz 7R MPR , Bk s JEAR PR,
100 80 . .
O ARESRIRER _ * 7
S AL A N < 70} »=1.1716x+1.078
= 80 B MR = -
9 B B IR = 60t
S — N
-2 601 % 50
g s
% %ﬂ% 40
’f& 401 & 30
I =
3 H 20t
g 207 z
4.0 55 7.0 8.5 0 10 20 30 40 50 60 70 80
R WpH Visual MINTEQREIH-H HICd” LAl (%)

B2 AELERGpH TREE CIHNESEE
Fig.2 Electrochemically labile fraction of Cd in different
pH soil solutions

2.3 ASV LSRRI FEAE SR A A S b

T 2 WT O, R R e R 8 v P L TR Cd 1Y
Bl 5.5% ~ 79. 6% , 1 3 75 5 1 A8 AL 35 BBl A
11. 8% ~86.7% , 455 5 2.2 5 dh 5] i B A ] + 3¢
pH TAE P AR B AR AR B 4 89 b B 2 )
(F4) M, BIEHE Cd B & 23 BRI R Cd™
Fo HE—20XF ASV AR HIEE Cd A SR
BRI Cd™ My a5 R AT A G 0 (81 3) . W
Kl 3 FTLAE P AR OC 3R Y R? = 0.80( P<
0.01) ,iX 5 Pei 55 (2001) HWF 75 45 R — 2,2 Fh oy
AEANIF] 14 pH B 22 2 7E 0.2% ~ 13.2% , X HLAH
B UE T S B0 RIS AR UL 25 5L iy ]

3 ASViEMErREN Cd LGl SR EA Ca* L
BRI VA5

Fig.3 Electrochemically labile fraction of Cd measured by
ASV as a function of Cd** calculated by Visual MINTEQ
model

S AL HEL ) y=x,
3 3 it

5T R, 2R e 50 R M2 75 55 2 PR AR B -
B R pH AR AR PR PR B 1w 0%, 1 AR B 1 R W
T A HLIK ( DOC) ¥ B2 I B AR AR By, 3 A1)
REJE H AR A AR e S R AR R A I LR 1Y) G
RTAR AR R ) 2 2 55, ELAR 28 PP I A 7 4 e o
WEBES M (Li et al. ,2013) , SCHMNRE 19 1 e R
HR B Tk E 5 SCRIR ( Parat et al. ,2009) #H G, Na* |
Cl” \Mg™ S0,* \Ca®" [k fE 5 HW) & B4f {2 NO,~
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(R B 22 SR B KA 22 2 AN B G, X T R 5
50 A A AT 5 YR ST P TR A T B B T SR 4
IR SR K 32 BUA G ; (B 25 1 5 SCHR ( Cloutier-Hur-
teau et al. ,2007 ) FH LU 45 25 F MR 22 0K, B Tk
JEAHZEITE 1~2 MR b X AT RS 45+ 2
PR IR A R E A 56, 4 R R
IR THLE A A4 CdCl | CdSO, (aq) .CANO, " %5
I o 0 He AT e A 2 B, €SO, (aq) I EE 9] d
K, M2 R REAL A (1993 ) BIF 78 45 SR A — 2, fib
SRR A - A e A 5T T 2148 | B e v )
+ 3 Fh Y+ HERW R Cd BT IE S AL -
SEIRFEH | R 1) -3 R A H, S0, S SR Y I
RPN A Cd MBS EE N cdcl
Al CdSO, (aq) , HAE AR Cd WARD X 85+
e b 45 JCHLECAE AR AN Cd B 2% A 10 0 A
HENTEEP N

S A SRR AR R KT AR PR S AR
B A R AR R E Cd A EE AR 0 pH Ay
Kii BN, EEEH T (1) MALE R
H,S0, 38 7 34 A HE A e SR T AR+
¢ pH fH, 3 Fe Al S ALY FIA LIS A] A2
Faf S 1l 3 R ZRL4 KA A AR R Bl
J 1 GO AT D | AR X Cd Y W B RE A fel
5 Cd 2 ny ik A IR TSI CaO fiff 1245
IR pH FHE R, A FF Cd* +H,0—CdOH" +H" J
N1 A5 7R T, CAOH %5 Cd* 1 5 T 9k e ik & i
W B, DT R A 2E A+ 387 P Cd Y #: ( Naidu et
al.,1997) . (2) 8K - 5E pH (HI, BT H IR EE#
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