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Effects of Organic Matter on the Stabilization Process of Added Cadmium and Lead in Red Soil and Black Soil
WU Man'?, XU Ming—gang®*, XU Shao-hui', LIU Jun-ling?, WU Hai—-wen?, SHEN Pu®

(1. Department of Environment Science, Qingdao University, Qingdao 266071, China; 2. Ministry of Agriculture Key Laboratory of Crop Nu—
trition and Fertilization, Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing
100081, China)

Abstract: The stabilization processes of cadmium(Cd) and lead(Pb) in single and combined metal—contaminated red soil and black soil of
China were studied. Effects of content of soil organic matter on the stabilization process of added cadmium and lead were also studied. After
500 mg-kg™ Pb, 1.0 mg-kg™ Cd or 500 mg-kg™ Pb+1.0 mg-kg™ Cd were added in soil, soil available Pb or Cd were decreased rapidly during
the first 15 days, then decreased slowly, and stabilized after 30 day’s incubation. In the combined metal—contaminated soils, existing of Pb in—
creased the concentration of soil available Cd whereas the Cd had no significant effect on the available Pb. The red soil needed more time to
reach equilibrium, but had higher equilibrium concentrations of Pb and Cd than the black soil. The second—order equation was used to simu—
late the stabilization process of Cd or Pb. The equilibrium concentrations of Cd in red soil and black soil were 12.7%~37.3% lower in the soil
samples with high organic matter relative to the soil samples with low organic matter, whereas the equilibrium concentrations of Pb in red soil
and black soil were 78.3%~96.2% lower. Statistic analysis suggested that high content of soil organic matter retarded the availability of Cd and
Pb significantly (P<0.05 ). Thus, increasing of organic matter in red soil or black soil was an effective way to decrease the availability of Cd
and Pb and reduce the risk of environmental pollution in agricultural production.
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LR, BEE TR Pk & e X AER R &
MR, HEES RSB Z B AN 2k
FE, VAR YA K IR Pb.Cd M EZRIE,
W52+ Pb Cd AR BAS N R4S, HEA+
B /KA Pb A Cd, Zad— R3O R - ULTE R
MR 2B SEE A TR R R A2 819, Pb
1 Cd 78 3t 2 B 25 s 18] 9 4 17 FRAER , 32
TR, X—3F, R TEEEESN, LEEYRS
g T 4 AR Ak th, B R B A R AR AL AR R
AR R AR

KEMFRN, LIEPHBEVGRES AT
) Pb.Cd BT R AW S b 2AE M S DI E S
BREEMEER, WM ENEREFRIES.
T8 SR A RSN, NMrTREIE
YIRT LA N Pb.Cd A9 30t , B sh ik, Ko
FHRE R NE T 5 Pb.Cd TR B E MR B 44
YA #lifk Pb.Cd fFER®, B, AEBSEA: =
SEERANB ST, R A e A A5 MLAE 55 -3 v P,
Cd WA= A S RRGE, A @b & & S Y
[ BT R T4 B 14 Pb.Cd V5 4L AY4RIE, BT ABF
R REZE LA EMAIEL, BrRERENE
P S BN, X7E—CERE LiEs THL
REXTE &R VER . BER B RMMAEILRS
SEhrgR H AR A PR, FEARMEEHE A
RARER, ETFRYPEMRRE RS FE R
KEAEN

AARUKBEMIRT &, EBEURE
B2 S [ T S, 8 4 o A 0 A 1 3 R 2B - 4 Ry 4t
R, 5 Pb.Cd 7R —T5 e IR A is Y g
SRS VR B BT (] AR 4k, B 7E B BH SEBR AR FE R[]
A YT S EXT Pb.Cd RE LS R, L
B H T 48 Pb.Cd 15 LB 1A EE AL BB AR
i

1 #RExR*E

1.1 ki

BER R 5 1 AR 7 K BT ™ i R
ARBA(N 26°45" E 111°52" ) BZTEFIT PR F 4 (N 43°
40", E 124°48" ) () 2B 4 ; S BRI AP B AL 22 8K
TEEHAMME R B 250 3 A TAR, T
2005 SEAVECENERIERZ (0~20 cm) £ 4, AT )G
BEWEE 2 mm i . HHEAYUR pH . PHE 735
#(CEC) MU B (SEE ) 437 7 2 B g
LA TN, PR AR LR 1,
1.2 EFFidne

FREVLDEAN R L AR 200 g A BRI, 5
Cd(N03)2‘4H20\Pd(N03)2 {g{&ﬁﬁ(ﬁéﬂg ’ ﬂ%ﬂﬁE
BARR MBS, IRRER TR
J R =, B3 Y BIE B R 4 A R 43
7 Cd \Pb %K, ZH A INEAF] 1.0.500 mg-kg™;
BE 1Y ATE L EPFEENS I Cd.Pb W, ZEHF
WInEIAE] 1.0 mg-kg™ 1 500 mg-kg™; AN Pd,
Cd VW R B BT AL B A TAT , - ORF
65%~T0%F) H [a] 357K B, 76 25 CHR = el 55 e RS
FERIEE 2.7.15.30,60.90,180 d SR 4 & 4b ¥ 4 EAE
i, TR 2 mm 585
1.3 MEFH*

KSR WG , L BIFREGT 2 mm Fi 9 RF -
FE 2.50 g, BT 50 mL ERLELLE L ARG A 20 mL
0.5 mol - L™ MgCl,(pH=7.0) . 7E 25 C{HIR T , %% 2 h,
LA 5000 remin™ Y. 20 min, 53385 BUIE
W, AR IR B T (Zeenit—700P ) I E HA R
APd . .CdWER,EE 2-3 1K,
14 BIEKITHE

AR Pb(F Cd)= A REIN Pb(8f Cd) AT
W75 342 Pb(B Cd) & B -25 0 B 4 Bl

®1 il REAMR

Table 1 Basic properties of the tested soils

LEE 4 ﬁmJ_ﬁ/ pHOK L CEC/ BRI G3E % LB Pb/ B Pb/ i cd/ B cd/
g'kg?  251)  cmol'kg? FLr>0.05 mm AP 0.05~0.002 mm KEHI<0.002 mm mg-kg' mg-kg' mgrkg! mgekg!

AR 4 Rl 1624 577 8.49 8.53 43.03 48.44 5516 0480 0200  0.062
R2 2431 5.94 978 10.09 45.54 44.37 5027 0434 1480 0340

R3  33.77 5.50 10.25 12.76 43.89 43.35 5463 0454 1620 0372

" Bl 2621 6.80 24.89 13.39 51.59 35.02 3146 0831 0214  0.052
B2 4765 7.29 24.00 16.51 46.57 36.92 3629 0580 0402  0.144

B3 4852 7.16 23.22 1548 49.04 3548 3383 0731 0641 0215
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A RS Ph(E Cd) & &

RIS L5 Rl Excel 2003 #1750 98 40 B AR 1
RZRHE @ Origin 7.0 FATHIE RIS, 4
DPS 2005 #4782 A B0 FIAE IR 2387

2 HRESH

2.1 B—mHIER EHRENTRE

HE 1A, MR LR P ERSESR
14 iR P 2 i [ ) AR A R AR — B BIZEFF IR 1Y
2~15 d Ve, BEE Ak R 18,30 d JEA AL
SELEREETRE HEFAEIRSENERE
EHW T EMREMS R ESBARSRE, AL
B BRI EME L P REE R Pb.Cd S B
AT A MR & B ARA) £ 4E R1 H, B34 Pb.Cd
HIA RS E 54 BIMIESE 2 d 1 28.2%F1 79.4%
F#fI%Z) 180 d J5 /Y 10.5% 1 41.7%; TTEAHLE & &
B R R3 i, MHRCA RS Pb.Cd UM 2.3% 71
78.1%A5E 0.5%F1 27.1% , 76 2+ Fr A 2R B
% T ELEMR L b, H A YUR SRR
KT 48X Pb.Cd AW, JELAXT P (4% BT P3G
BEZ,

AR R AR A RS
Cd ¥ 5 mMA BN 53.4%.32.3%; A 34Zs Pb F-1y
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25
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g 20f -©o-R2
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HIIARR 6.0%.1.3%, K Pb B4 5 8% Rk
WS 1 A2 o PR AR AT IR B I R A B A
MAEWER R, AUE Cd FERukE B+
65.4% ; FRUAS Pb IR BEN A B A1 4.7 15,
22 SAFRTERE EHRELTE

Pb-Cd B AT YT , M B+ & L FE
HEERARAS B R R BEHR SR
LM l. AMERBRSHE T Cd MiEi
HREMZERATA(E 1 AE 2), R ESE Pb X4
BB L Cd A RSB RRI 2R
H, BAERTAES A Cd PR E
H B — V5 PR 15.5%~29.7%; 22 1 B1.B2 LA
BET 22.1%H 25.4% B3 PA, 58—
YuME LG, 413 R2 + R A5 AR Cd R B &
N (P<0.01) ; 4T 48 R1.R3 KB+ B2 +RENIZE
FEMGHIRD 30 d ZJ5 , 2R B E I (P<0.01),

MEATERGH—T5Y T Pb AR EZFK
AN, BINESSE Cd 3 Pb P EHERER
s, B MEA_FEREREES (P>
0.05), XA BB H T Cd INA R/, 13E% Cd A
Sk BEARARR, R T X Pb ¥k BE AL IRER /1N o
23 T RREAIRENH AEUE

T ERES R TR R S e AR AT LAA

8r
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Figure 1 Changes of available Pb,Cd with incubation time in the single Pb or Cd contaminated soils
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Figure 2 Changes of available Pb, Cd with incubation time in the Pb—Cd contaminated soils

AR BN 1 BTG AP F ks 1
Jr XY Pb.Cd 7E -3 T ivFe e bt B #EA T LA 04, B
W Z R N2 8R

de/dt=—kx(co—c,)?

=R :

tle=—1/(kyxc% )+tlc.=—1/K+tlc..

B :c=(cuoxKxt )/ (KXt = co)
K i, HEHE ()b HIEHE LB A BEEKE,
mg-kg™;c. HVHWRE ,mg kg, Bl HIEINEESE
ERRIRKEEERN, TEPELSRAUSER k.
(8i—k, B TS )& R B 12 R R kg - mg -
d™'; K=koxe?s, FAE SN FOEEA 5 5o

BRAZFEHTUE RS co kb, RIER
R WK 2 FR 3, RRB—TRTIEERLEE
B, R A RE R I BB SR
Pb.Cd AN A 385 198 E b 2 (R?=0.983, P<0.01),

FREH co [HEKFRINEELS RIS TEERE
K, 13X AN ER 4 R 1 e RE T S , [ R . 7
Pb.Cd .— R E A5+, B ASME Pb f9°F
B ETE 0.517~52.4 mg-kg™ Z[A], ZRIRK, B EE
FEARIER) 101.2 £%F; SN Cd B F-HHk BE7E 0.166~
0.514 mg-kg™ JEFE A, B E N AR 3.1 5. [
— R+ EAFAYR G ELHEZE, ARESELR

FhREERAE, DAV S 2 RPN
o TEAEE L AV RSN R2.R3 LA
Cd V- Hrvk B H A LR & BARA R1 AR T
15.5%70 35.9%; A5 Pb (AT E A VUR S &
& R1 AR T 78.3%F1 96.2%, 2+ HLF
R SR AR R 5 40—, HA AL
B E Y B2.B3 HAHEA RS Cd Bk B L
BHLUE S EMEH Bl EAEFEK T 37.3%H0 12.7%; 6
A Pb B AR B LA AL & KA B1 HARRRAK
T 91.2%%1 92.0%, Pb-Cd B4T5YF , & LAERY AR
RS R 5 e AR —B, T Pb MRS T 4
T Cd B UR B (2R £ B3 BRAL), FELT 2
15 22.29%~35.4% , B 1 HP R 18.4%.48.6%, SN Cd
TA T IER B/, X345 AR Pb -k B L
WA, PR LA PR BRI P o
BUA CdFEHE R E 65.2%,F %% Pb FHER
B4 5.9 f%,

FHREH k, (ERR/NER L EESHNEE SR FE
HyHug, H13e 2 T4, AL Cd BA—J54, Pb-Cd B4
TSP T MR Cd BERE , ko (B HL A —T5 44 557.0%~
54% . #MNJE PbCd 7EAN[R] -3 A e AL i R 22 7
B, BRMELEESTSME Pb Cd B b /N, Cd 1 k,
7 0.708~1.09 kg -mg™-d™,Pb ) k, 2 0.010~0.126
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kg-mg?-d?; TR PREMERER,CAH kN
1.42~1.84 kg-mg™-d",Pb [ k, J7 0.167~0.752 kg~
mg™-d?, RFEIZEE T EPRE B RN ZEFTRES
TR O, A BRI pH 2R RS i 12
A BERZW, pH FHEINE T 3E L 3D, 4wt
ST L1 8 pH B, & TR TE 5.50~5.94 Z [A], 1
2+ pH #5 , 2LTE 6.80~7.29 2] , % pH 1 7]
PrrAR: Y S yrek ey B YN 0) LS IS
2.4 HEEHRXIMNERE . RIREXHEMA T

FI R A S M — B RSN IR R+ v
WUES cuk, IRFR, WIF 4 iR, R P, AR
5 Pb Pk Bk B 18 2 Y T AH K (R?=0.998*),
LT, GRS Pb PR BRI E B E 7
FEFAKF- (BT BRI A 6 R B (R?=0.891 ) ; T 7€
IR PAYURS Cd PR ERAS] B &R R
FHSEIK (LT3 . R%=0.995% , B2 + . R?=0.996% ) , FIFLATE

21 43R 28 - vl 2 SR B A AL S48 B R A L
JE e EAFERE, W LAREGHE A -8 SR Pb.Cd /Y
AR PHRERW, GUUREEM 1 g kg, P E
4R BB ESR Pb.Cd A A & B4 BRI
2.70.(9.7x103)mg kg™, 2+ 1 JU] 43 B B A% 0.40.
(3.70x10°*)mg kg™, BHIT , 4T3 BB ML & & A3
XF MR Pb .Cd BRERMEEA LB L ERE
F B B EANE S ENSINEE SR Pb EE
LR RAE —E MM, M RARRIEEEK
S HEK R IE A R B (R>=0.936 0) th F A LT HE |
BEEAVENSE, BENINSNE Pb 7 R R E
LR, 4548 Pb R BIRE RS TR 2 B H]

3 1tig
3.1 A5 ENIENRE
TESNEES B R EA R R R, B

R2 T P ZEINFEFBRUSHSHERRERH(RY)

Table 2 Parameters and Decision coefficient(R?) modeled by a second—order equation for the stabilization of Pb added to soils

P B—i53t Pb-Cd HAT5H
i c./mg kg™ ko/kg mg™-d? R? c./mg kg ky/kg mg™-d? R?
4T3 R1 52.4 0.011 0.999** 48.1 0.010 0.999**
I R2 11.4 0.032 0.998** 11.8 0.037 0.999**
4T3 R3 1.98 0.126 0.998** 2.25 0.120 0.992%*
2+ Bl 9.68 0.167 0.996%** 9.31 0.315 0.999**
M+ B2 0.763 0.317 0.999%* 0.517 0.752 0.998**
2+ B3 0.767 0.331 0.992%* 0.677 0.310 0.991**

T R KRR FIREE (P<0.01),* RORMRKRIBERE(P<0.05), T,

3 HiEH Cd ZEMNEFRUSHSBERRERE(RY)

Table 3 Parameters and Decision coefficient(R?) modeled by a second—order equation for the stabilization of Cd added to soils

T G AT
i c./mg kg™ ky/kg mg™-d™? R? c./mg kg™ ky/kg mg™-d? R?
4T3 R1 0.413 0.906 0.999** 0.514 1.01 0.999**
R 0.348 0.766 0.999** 0.443 0.819 0.997**
413 R3 0.264 0.708 0.997%* 0.323 0.78 0.999**
2+ Bl 0.265 1.65 0.998** 0.313 1.84 0.995**
M+ B2 0.166 1.64 0.997%* 0.247 1.80 0.983**
2+ B3 0.227 1.42 0.995%** 0.191 1.52 0.994%*
R4 BB L EAVR(g-kg) EFERE (mg-kg™) FRENEE (kg mg'-dHEIERXK R
Table 4 Correlations between organic matter and equilibrium concentration and stabilization velocity(n=3)
o P HHLR S Ph B IR R LR 5 Cd B BB XA
HA R K HATE I3
a5 Co y = -2.695 x + 88.09 0.891 ¥ =-0.009 7x + 0.624 7 0.995*
k> y =0.006 5x — 0.105 1 0.936 y =-0.012 Ox +1.127 0.887
2t Co y = —0.402 4x + 20.03 0.998* y =-0.003 7x + 0.385 7 0.996*
k> y =0.008 2x — 0.030 0 0.469 y = -0.007 3x + 1.943 0.372
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513 B H) 94 S5 K 5 AH S Y - McLaughlin 3 13 375
W, 5 I E & BRI RIS 5, Rk E S
BREAHFRURESEBARESENEERREZ
— 8, HE R IR A S A R
%, I TRae, AR REN,Pb.Cd —
R REATERFT SNEESBIMA LG EE
B - LSRR A A Bl T M, AR5 T ke
A% 1SR 30 d JREEAS KR sh A

HEMASNEESEG, SME Pb g HIEFE AL
%1(97.5% )i KT Cd(68.8%), FF Cd*FE i #
AR R Bk R A, T P Z A E T 3
WriaAE AR - R 2 1w, X AR AR IR T SR8,
AEMREN, ERE T KERERNEESRE T
&R B T4 5 8 58 H TR, Cd*—gok
fREE B (pK*) R 10.1,1 Pb> () pK* & 7.9, iHH Pb*
o CA> 5 Gy oK, R 58 5 o - S S0k BT MR o . 7
Pb-Cd EA&T55H , B34 Cd S B —I5 e,
HIFFH AT REE 24 Cd . Pb FLA7RT, i+ 8% Pb BAg
HRIFRE ST, i Pb 5 F B EAE T3P MEFAE
%, [FIEt Pb 5 Cd 324+ 38 rh IR I 507, {3 Cd &
PRI, TSN Cd B ANT T+ 3G 234 Pb U
JLFEA M, X5 Cd MIMAR(1 mg-kg™) /D
AR,
3.2 BHRESEXNE . BIEELTEAZME

REH IR HEEIEN FTEES R AE TS
R R B oy EL A B LA RS0, 3 ML P 4 R
Fife—2 A 2R S ST E , IR AL BRI AR
BREENRSTAIREY, SAVESER 50%~
90%?, JEEES SELEBITEEEESTELSR
N7, DTG [8 28 #E A - 3 B SR EE 42 R I HaR &
TR RR Y R E TR S A A P
RAMEY-THE AR, 38T B3RP REHME
T 5, 5% Pb, Cd B f W i AE ) 1 1 i 5
AT LA A TR A4,

AFFRUEHR, A—THE AR TENERE
L MBSMNEESE Pb.Cd WS LR, EWH
A YR & &R IE N B REAR T Pb.Cd AT Hr ik B
FELEMEBL E, AHUES RSN AP ERE C
)T R 43 1) LA ML £ B A I 12.7 %~
37.3%; A Pb TR B 5050 LA AL & &
B T REAE 78.3%~96.2%, T Cd.Pb {54 E H R
ZEEYLRAEW, LILTEES Pb Z R MR K, A
P& B30 3 40 40 R 2R E B i AR IA) . 55

Ah TR, H A ML A B R 27, anEA R
(HA)ZFREHG IR 7B i 5 B 4540, IRAIEE Z AT L
HEREA R S A, TR EE TESR,
FEAREA SRS, B, 7E o B RyA 2 4 3
HEE B RS, v OB R A YU & B A
RN & LR L (8 (HA/FA ) SRR HEEAT
33 ARFEBTEPHE BRELIENESR
LTEANER + P Pb Cd A B SR et 2R
B BRZES A5EH, A% Pb.Cd 1 PHHRER
N AL SR, HESBEAEPREER
B/ 4TEFMBLTE Pb.Cd B Ll #2252 7]
RBS2 i T PR A LR pH (N ZRFT51IEM
A+ B1.B2.B3 M AIESESHET
213 R1.R2.R3 4%, i L SCHra HLE & 2 A3 m
RER N Pb.Cd A&, T T 214 45303 Pb.Cd
FHEIRER . FAh, RS T 3% Pb.Cd =
BLUABHES FIRASAEAE W RN 4 EH . BT HY
B WX ELSEHE FAER SR, F1ES
Pb.Cd AR B e ams, Hom HAE SR
8, R, HEAYUR-2B%&EWiFe e dpE pH
FHE GRS, WAEASCH LI pH {H(5.50~5.94)
BEMTRZ LM pH (E(6.80~7.29), F M FME Pb.Cd
TELTEF A BESRE R, B R B, 53
BT e A B A AR K

4 ZEig

(1)Pb.Cd .—REGHREMHT, HEFEH
7 Pb.Cd ¥k BETERE SRR IR/, o v i R
%%, 5 30d 5T FM. Pb-Cd B&T15 Y &M
T, Pb BFFEAERE N T 4T R 4 Cd AR

(2)2T 3 28 + Hp A AL 2 B A3 in B i 3 PR
AR Pb.Cd WP HRE c. fH, W HERE S
Pb.Cd (975 4L R o R FH — G J12 5 Fxt Pb.Cd £
Ef BTG EAEMB L AR S RS
1) EREA RS Cd B HYRE o LA DL & 2R
T AR 12.7%~37.3% ; GRS Pb B PHTHR FE c.
1 H A ML B B A A £ P AR 78.3%0~96.2% , THT
H, FELT 3 A NUR & B R 5 [ E L E R sh
U5 Pb.Cd, B HERSHE,

(3) iRk +-4ExT Pb AR, BE Rl R
A Pb.Cd fTMA RN B 53R/ NIUY A Cd >Pb, 5
B H G, 208 FAME Pb.Cd BB R, B E AL
R ky /) BB R S RS IR E M A
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