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Bioavailability of Cadmium Associated with Oxides in Sediment: Effects of Species

of Mineral, Association Form and Aging on Bioavailability
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Abstract: The bioavailability of heavy metals in sediments is largely controlled by their speciation. Effects of different Cd speciation associated
with metal hydroxide on Cd bioavailability were studied. Iron and aluminum hydroxides were chosen as representatives of the oxides commonly
present in sediments. In cultivar system» Hoagland solution was used as nutrition supply, and metal hydroxide associated with Cd as the only
source of contamination and Phragmites australis was induced to study Cd bioaccumulation. After 13 d cultivation, Cd was uptaken and
accumulated in P. australis, with different bioaccumulation from 9.1 to 37.8 mg*kg ™" in root; and 0 to 10.0 mg*kg" in shoot. Hereinto, the
P. australis cultivated in Fe, 5 Aly s (OH); medium was found to have accumulated the largest amount of Cd in root; followed by those in
Fe(OHD; and aged Fe, s Al, s COHD; » the lowest root concentration of Cd was observed in the plants cultivated in aged Fe( OH); . Desorption
order of Cd by organic acid was consistent with the Cd accumulation in P. australis. Thus, coprecipitation treatment decreases the
bioavailability of Cd; association of aluminum hydroxide with Cd is poor due to its physicochemical property; aging treatment significantly
restrict the accumulation of adsorbed Cd; desorption by organic acid verify the discrepancy in bioavailability of different speciation of Cd.
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AR, NBIEEUERA R IR R A P E SR AT A LU A A

BRSO = R R, e T A
BIETT G . Cd FATHARE T o, il o R B
e RS AL BT R od v 3 n) A5 3

PR EE 4 R R BB, E N TR IS T (1 462 e
RS SSV U WINPT e/ i b i BURER R N AU
SIS B AL A E A DU 2, IR DTAR
IR Cd R B Izt i T B KA R T H R
BORBA Z LS A = 5 B AL 5, TR o
o A A T 5 K (T 4 R 45 1, DA, <
JEABNIIBRIE 55 5 A RE S PR

MR B AL TTIE VTR h s S i ) 5
JER& i 27 2, R KRB v T G e T G
B 0 R R SR A AR T K —OH A% T
SLIA, e < FH 1 1 T2 R (R 4 450 » BRI
KA PR G R R B T R PR T A
FROHTH I 1R T P iR O LS,

Yo %5 B #3:2008-11-24: 1£17 B #7: 2009-02-23
EE&WME: BHK E 6T R K R C973) | HI AT I H
(2009CB426301); [ 5 AR FL % He 43 35 H (40773076); H
L A E PN BTN E|
EE B : EHFC1980 ~ s &, WAL, EEWFIE 5 1 75 e E 2
2 RIAEIAL %, F-mail: he. wangworld @ yahoo . com. cn
* JHHEECR AN, E-mail: yongfeng. jia@iae. ac. cn



3056 7N 58

B o 30 &

TR I < R FH 8 1 5 3 2 ) S A T A R TR
B » <o Jem BH B8 5 BE N it i P9 T R v 4, SR A
T B R o 43 Jed B 1 1 L 30 A R A AR 4
JEAETE R A A L KW BRI L TE AT o 1
EEAR AL D) T AT pHL &R T 5E
ZWAETTHT ) R, 4 A A TR
BEANSESOE X IR v B JE A AR &
A ARG G RIS 200 e 8 WA
S (1R 53 Wi A 3

FERTHIBEIT R, BB RR T AR S AR
BB A B Cd X 3 B R AT R A
okt 1t — B 0T 98 J0 52 TR Bk R A A W B AN 3R DT
(K5 Cd XS P 26 (1 AEAT 25k, [ I 2 S 2 A R AT
RER) R, I A AR 20 7 B A DL (LMWOAs ) X
Lo MBS LU S AN R I R 45 A (1 < s 1A T
PR, 2 AR RS YRR 22 5 5 AR A AP E I R AR

1 #MR5E7AE

1.1 fEal2y

Cd fifi & WA E 100 mg* L' I Cd(NO, ), *4H,0
B4l ZE /K Bl

Fe(NO, ), *9H, 0, AICNO, ), *9H, 0, KOH( 7 #1410
HF FeCOHD, » AICOHD, Il #% .

Hoagland B IRWHC /7 Cmol * L™ ): Ca(NO, ),
4H,0 3.57 x 10™*; H,BO, 2.31 x 107%; CaCl, *2H,0
2.14x107°; KH,P0, 9.68 x 10™*; KNO, 2.55 x 10" *;
Mg(ClO,), 1.04 x 10™*; FeCl, 6.83 x 107°; MnSO, *
H,07.69 x 10°%; MoO, 1 x 1075 CuSO, *5H,0 1 x
1075 Zn(NO,),*6H,0 1x 107",

SEEG R T R AR 0.1 mol e L™ A R VR VL
I 24 h, ZEWR/KIEE 3 i
1.2 &RASENYIIH %

il %% FeCOHD, BX Fe, s Al, s COH), 20 g. [ 70
1.5 L B & KEERE T MA 75.5 g Fe(NO, ), *9H,0
[k 37.8 g Fe(NO; ), *9H,0,48.1 g AI(NO;);*9H,0 ]
R FR AR 42 700 mL, #EHHIRAS A 0.1 mge L™
KOH &2 12 7% pH 7.5, F47E 4 h.

1.3 TR SEE

R S50 1) 73, IR 46 1 4 s A5 Ak
Wil (20 g5 H 0.1 mgeL™"HNO, ¥ 17 HRJE % pH
5.5 BEFEIRA TN 10 mL Cd i & (100 mg*L™"),
SEZ¥1 000 mL, 1 R PH 0 50 mgekg ™" 44, il
ha)E BRI EE A 1.0 mge L™, ML FE N 147 24

hy PR 2 mL FiE O IR pom BEFR T 4E D),
DA 46 i PR B R B2 <002 mge L™ W B ERI R o
FJE4% ADS A5 .
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FLYTVE S92 TE A A AR DTTE I [F) N 7R 43 )
W [RIT H 0 I R DR IR BRI B Cd i A%
10 mL 5 Fe(NO,), *9H, 0 %5, 28 5 H KOH 22
M2 pH 22 7.5, P11 4 h.

T 25 5 R W B R T B 7R 2 U Y pH
5.5( 58 IR pH — 20, T A 54 Wi fidE X 1
JITFH (R0 TR Bt 7 FLE 7ot A S e A B %, IFANRE
TERRAR 22 28 e i) v 5T SR U vE B o S 2 epT
PR .

ZACKE TR B T A R S TRCE 1N
HHIM AR TR 2 2R S TS aged FR B
1.5 /KEFSEE

TARLE P A T AR R AR R R A ST
L AHVEAR B, 7 10% Hoagland & 72 T 77 3 M.
WTE IR pH 5.5, LUE EAEY A K

R IA—BUM 4 CREAR = L2 25 emD B AR
FRTRE TR Fh, R = P CAROR IR, 4Lk
BN 3BT R, o8 1) KRG E R s e g7
W TRUF RS TRk 2
1.6 F=&E S ENE

R 13 dLUJE RS (n = 3D ZEWK
VL 2 3, 4 O R AT LB 4, 105°C R T 20
min, T (80°C) b+ 2 18 . Bt ¥ K 0 FF i H
HNO,/HCIO, (3/1, B H 2, 150°C I #4 2 h,
210°C 1 h, A5 H 5% HNO, %if 7% e 5
B Cd e L R WL 43 6 6 BE VR 5 5 A HE)
S CHE, GBWO8S501 ) FH 16 56 ANV 26 Sl 52 el 7
(RIHERfRTE .

1.7 WSS

HR 7 B A LR BAURL br 73 W ), 2% SR B
WA A PR AT 5 E AR D255 1 Cd R
TP 1 22 57 A B CRRO W B AL e s 3 ) I
AT 24 hy N 30 mmol* L™ TRFTAR R FISE SR i
HIFH NaOH 75 pH 5.5) B TR (25°C, 180 r/min )it
ATHEB)) ) 5 52 5, SCHF HLA BTN Hoagland 75 77,
[ EE A 1:100 (g/mL), O SRR 4F pH 5.5, [ W
IR S A EORE (2 mL), F 2 o B RET 4E 25 15
U8, BRI e BV RV Cd R EURE
IFTA] B oA TR 9 A i, BT 154 85+ 185+ 265+ 385+
505+ 655+ 1440 1590 min, & 3 K.
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AN P 455 T Z RN X AR R
SN S5 5 1E Fey s Aly s COHD, W) L1 cd MIEVIE
P B K, RO Cd-Fe COH), F1ZZ AL Cd-Fe,
Aly sCOHD;, & 5 f i /D 1) /& 24k Cd-FeCOHD, 1) 4k
BRI cd 782 2B AR ) AR LU R A Fey s
Al,sCOH), ADS > Fe,sAly s COH), CPT > Fe(OH),
ADS > Fe(OH); CPT > agedFe,sAl,;COH); CPT >
agedFe, s Al)s COH); ADS > agedFe (OH); ADS >
agedFeCOH); CPT (P& 1) W B FH 3L P i b BT Cd
(R e B P B3 R, B2 A Y Fey 5 Aly s COHD;
HER PR MAT cd & =TI TE S Cp >
0.05), HAbAA R A XA od 15 R BN,
FeCOH), Fl Fe, s Al s COH), R ILERHZS Cd fER
A W e T L UTIE A (p o< 0.001):
Fe, s Aly s COHD, R R TP Cd 7222 i &% & 2 3
AT ILDIE A (p <0.05) . 854 70 B i i 46 A S
W cd A KT 2 AR BRI . Ak, ed
TEF B S A5 (9.1 ~ 37.8 mgekg DR T |
#BC0~10.0 mg*kg™').
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Fig.1 Cd concentrations in root and aboveground part of P. australis
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#Z.CAFMEeEcRUNES G A58 RAN
W 1103 35 T RO ) B (R 4 A o1, Rk, 4
R T 45 5 ik R AR 1 bl kR AR A T A 1 TR
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/1N W B R TS TS R T R AR S R
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RE ) 22 S (AR I, BI04 610 Cd 149
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e (R 2R A 3R P AT
3.2 AW cd Mg oy SO YA R 1
W B AT YT E S 43 8 AR I B b R A AR T
o, P 4 8 AT O AR E AR CEED 8537 A
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Cd Frat R LPiie &1 2 5B 1 S WEHE A
bl , SEUTTE RESE A LI LR T RRRN 4 G4 5t
UL B AR 4 8 T RS PR AN A 2k . i AR W,
& JE 5 S A L UTIE N 4 2 B (0 19 Jin g DR D 3
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VERH AT 4 R 2 Bk R, b AR T AR W 2L 0 10
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Pt 7, AT S 1) 4 R I B 8 A R A T B 2R
T80 27 1 O P 5 T AN 2 4 e [ A P 8 9 FS )
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