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Cadmium fraction distribution and its influencing factors in paddy soils polluted by different pollution sources
LIU Ying, LU Wei-sheng’, ZHAO Yang, LI Gui-jie, LI Hua—xing, ZENG Zu-lei, ZHANG Qiu-hua

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China )

Abstract : The environmental problems of Cd contaminated soils are of great concern all over the world. Cadmium toxicity in soil is not only
related with total concentration, but also depends on its chemical forms. Six different contaminated paddy soils in Guangdong Province,
Southern China, were collected. Cadmium chemical fractions were determined by the BCR protocol, and stepwise regression method was em—
ployed to characterize the relationship between cadmium fractions and soil properties. Results showed that total Cd content in six paddy soils
was higher than the Class II of the soil environmental quality standards. Cadmium concentrations in soils around smelter were the highest,
followed by soils around steel plant, thermal power plant, and lead—zinc mine in Shangba village and Zhongshan. Soil Cd was dominated by
acid extractable fraction. Risk assessment code (RAC) indicated that Cd was at very high risk level in soils around steel plant, smelter and
thermal power plant, and high risk level in soils around lead—zinc mine, Shangba village and Zhongshan. The total Cd concentration was the
dominant factor affecting Cd chemical fractions. Soil pH, clay content, and Mn,,o content also affected soil Cd fractions to some extent.
Residual Cd fraction was not correlated with soil properties.

Keywords: paddy soil; cadmium; chemical fraction; affecting factor
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i R AR AR HERR B (0.2 mg - kg ™),
fHOR d 3 Cd TR A se B T H B, IRAR
JE b b A RSB S AT E , A RE SR B A
] A AR AT P R Cd RIS S ICRA
B a8 G, B2 B LR B AnpH A B FHE T
SR AR M HATC T L Cd IR S A
LS RS B X R3S Cd it 5 e
PR SC R, SR T LM R R I 2B 2 Cd & i
AR TR, A 2 582 e A 398 v i) 23 BE R 8, 2 T 2R 4
BIEAIEZS Cd ik Cd p He i, — g REBE b ml S
I Cd BTG TE, W T RN B R A TS Cd o
Wi 2 05 T DT ST WL ARE . (R, BFSE Cd FEANTR]
SRV LR AL S AR IE AL A Cd & i R
IR B R, AT LT A Cd ZEAN R L iy
R AU, Xt 24 S8 Cd {5 e /KA £ i3 B
HAT S B SOMBE T o

ARSCUAT AR AN TR 15 G SR RKAS £ o F T3
e, M L3 Cd BB ZS A FRAIE , I 38 AR S
o3 & Z2 o0 A [ Hr Tt TR Cd (2B 3
LI R R R R, B AR L 4% Cd w1k
LA A5 Cd 155 IR Ak AR

| HESA®

1.l RESAGESTEFRRE
AGRE TR AR AE T 2014 4F 11 364 R
B 6 FIAIRNG YL ARUKFT L, 43 R AROCHT MW Ek)
JE 31 (24°42'N,113°38'E ) iakk) Jii1(24°41'N, 113°
35'E) K ik ) E1(24°36'N, 113°35'E) (A T
SR BPrVTAR B IURT(24°46'N, 113°49'E) R B 4
BER R (25°51'N, 113°24'E) L)L & il i (22054’ N,
113°41'E), A8 JR3L GR T B T Jd sh A
YRR R 0 R SR ) A i i A R TS
Yefe H, HA B3R KRS 4 1969—1989 HEHEE K5

AR A A R ad A )™ A WP 1L K
1989 4 J5 BUCH R KRR, ol = A IMoTRUKAS -
2 FH TR C T K i A AR A R T g

AT R TS SR FEE AR 22 (0~20 em) -
BERE S AT TR S FUSCRAE AR S A A X A £
FbE o BTG YRR 3 N HAT SR 1A 3
18 ANFE N o A T IRl S0 00 % e S 0 R
e, 93T 2 mm .0.149 mm JE 45 FH ., AR 3t
AR IR 1,
1.2 METHKRFZE
1.2.1 L HERATRAL M Bl

13 pH R 7K =1:2.5,pHS-3C MR JZ i1
JE 3 A HLEL(SOM )R FHH SR PR FR VR IR A M #AE:,
PR B 1A it (CEC) R O MR B sc i, - 58 Rh kL
TR WA I, et (S )R F M PR e H k-
B PR L ek i
122 TEE 4 & i SIE A E

i%{ﬁ‘@%ﬁ( Fe,\,\o) Vi ( MH,\AO)%EHEE&%&%}W%
Bk (AAO); +3E4H3(Cd)R A HCI-HNOs-HF-HCIO,
THAR-JR TS ; 13 Cd TEASR A BCR =A%
SEERIGE e FRPE GRS AT JE A AN ] A A, I
A Cd X 3 RS Z FIED R gk AR,

2 HR5iTR

2.1 13 Cd LZERES

i R P AT Cd S AL R B
eSS L3R 2 FEl 1, B3k 2 AT, 6 Fp L rh 4
Cd & fh 0.60~13.08 mg-kg™, Y5 T EEHEE &
FrifE GB 15618—1995(0.3 mg-kg™), 1G4 Jiih +3E
2rhr Cd F iy, i85 13.08 mg-kg™;s HUO R
Sl R T T A BT R i A, 4 Cd S R TE
1.99~2.61 mg-kg™; IR FIH L A4 Cd 5 1 I
1%, 43514 1.12 mg-kg™ 1 0.60 mg-kg™,

1 il D EEARELER

Table 1 Physical and chemical properties of selected soils

IRFE A pH SOM/g-kg"  CEC/ecmol kg™ Zihr Clay<0.002 mm/%  S/g-kg™ Feud/g kg’ Mnyo/mg kg
%) Steel plant 5.530.42 38.0622.69 7.47£1.46 17.88+2.73 0.67£0.12 3.69£0.42 51.48+4.76
16 Smelter 5.13+0.16 35.17+3.71 8.06+1.05 19.01+2.92 0.95+0.18 4.19+0.33 11.14+2.37
K HL)” Thermal power plant  5.28+0.20 37.82+3.43 8.89+0.31 15.4523.35 0.88+0.12 3.89£0.26 35.1124.02
30Uk} Shangba village 4.85+0.20 29.052.71 8.66+2.35 16.33+2.45 0.88+0.38 5.630.64 88.30+6.81
VB Lead—-zine mine 6.71£0.12 52.12+6.31 17.53£1.65 16.39+2.22 1.9120.38 5.3520.70 86.60+5.72
11| Zhongshan 6.28+0.02 46.67+0.95 14.76+4.66 27.05+3.40 1.12+0.24 6.33:0.51  190.00+17.76

(jf :SOM j‘jiﬁgﬁylﬁi 5 CEC ﬁﬁﬁ%%ﬁﬁ% 5 S j‘jéﬁﬁ. 5 Feao j‘](ﬁ‘ﬁ% 5 Mnjao j‘]{ﬁ'@%ﬂﬁo

Note : SOM:

Soil organic matter; CEC Cation exchange capacity; S

Total sulfur; Fe o Active iron; Mn g Active manganese.



B RIS R - PRI A S E BT 2 1705

M T3 Cd BRI kR, BRIRIERS Cd &
AN R RN LA Cd RS T AL L
e, U HBR PRI Cd S Eik 9.63 me ke, # H A
TR 5~40 £ HLUCHIER T JE R KRR
148, FRAREUS Cd ARk 1.53 mg-kg™ Fl 1.30
mg kg5 IR BYEED I 10 A0 1 A R BRI
Cd Zra ik, 78 0.22~0.79 mg-kg™ Z [A], BR4RELA &
o E% AEYAA SRR A, T e 3 Cd
15U RR R, BT I R L Cd s
el H PR EF oK. TR RAS Cd A4
B2 Cd 76 6 B L3 o3 A AR AR RL, & S e s ¥
B A R AR T T T i L
SRR T -, B IR R I R A A
Cd FIATAEALAS Cd S iefi, il RIS S Cd &
AL, O 0.09 mg-kg, At 5 AL rh a2
Cd FEAHIE(0.29~0.46 mg-kg™) .

HE 1 ATEH A2 Cd WIES S fiE
BRZES . WHE R Cd DRI BGs &, 55
Bie RECE IR 74% , R A TR A (18% ), W] AR AL A
FNBRIE A5 TC R B, 20 50 h 5%H0 3%, M)A
RN T 3 38 Cd TEAS 40 A ML, 35 AR 4R R
BNE I RBBH 59%F 55% , FHok Ky vl i J5
BSRRBASTTAIAS . B 14 Cd F 2R
A(43% ) FnakiE 45 (36% ) , 73 it 7 B AR 19 v] 44k
B(7%) ., BYRED TR 48 Cd TR0 i R B/ MR
HFRARBCS>S IR RSl A>T kA . il
Cd A 5165 A H3EMLL, i REBIMRIR
FERAEESS AR A S T E AL A SARIE S o RV
L 0RE 6 MiE YK AE L Cd FEDIRR RIS R
F UL 6 Fp L3 Cd GRS R , &) T RECE 3
Berp S A S L A K

RS TEAL gt (Risk assessment code, RAC) % FH

TN LB TR, MRS Cd BRI e
ST B, RIS Cd AiL REORPFM L
TR RS . VB R AR, Cd Biles FRbE
(AT BB PR , X ARAR R £ fE Mt b s, 15 ek
b o MRS RAC G YLER I R 4 (3R 3). 1 5
IR TR R R R R R T 4 RAC (H
YIET 50%, J& A AU, B3R AR AL
1358 RAC {H7E 30%~50%22 18], J& T3 XU

Yang G055 KM, BfiE TP EHE LR O
i PERS E 4R T i A LA T e, i A
WEFE L5 AR, 2 AN Cd 75 4 Fe ™ & AR ) Eih
-3 RAC {EfR =, s e i v Ll ofn b 30 4 39
RAC {EARXMRAR . SARE B 13 Cd B A&,
RAC (Bt bl 2 38 K, 75 Y AU R T 2 50
2 | Org=Cd
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Figure 1 Percentages of Cd fractions in different polluted

&

paddy soils

&3 RACESXKEEXR
Table 3 Relationship of degrees of pollution with RAC values

RAC <1%  1%~10% 10%~30% 30%~50% >50%

TR

S OB R
Degree of risk

IR EIERR B

R 2 REFHLE CdBEIR
Table 2 Cadmium fractions of different polluted paddy soils

IKFE A FE Aci-Cd/mg-kg™! Red-Cd/mg-kg™ Org-Cd/mg-kg™ Res—Cd/mg-kg™ T-Cd/mg-kg™
%) Steel plant 1.53+0.25 0.49+0.13 0.130.06 0.46+0.09 2.6120.57
BB Smelter 9.63+0.68 2.40+0.46 0.66+0.14 0.38+0.20 13.08+1.25
K H3J” Thermal power plant 1.30£0.38 0.61+0.26 0.150.03 0.29+0.03 2.3520.70
34Ukt Shangba village 0.48+0.15 0.160.05 0.07+0.04 0.40£0.04 1.1220.25
H5EW” Lead—zine mine 0.79+0.23 0.64+0.16 0.17£0.05 0.3820.16 1.9920.50
#11l] Zhongshan 0.22+0.03 0.19+0.05 0.100.01 0.09+0.05 0.600.11

T Aci-Cd HRFEIE Cd; Red—-Cd AR Cd; Org-Cd AT 44L7S Cd;Res-Cd NEKiE A Cd; T-Cd 4t Cd,
Note: Aci—Cd: Acid extractable Cd; Red—Cd; Reducible Cd; Org—Cd: Oxidizable Cd; Res—Cd : Residual Cd; T-Cd: Total Cd.
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22 HEBUMRY Cd SN

WL KA TG YRR LS IEAS Cd & L Hsy
e R 2L A BTAR G A0 Br (36 4) 75« 135
&L Cd B 3P R 2 B R S AN B 3, Wilcke
PR R F 2Ok B R E AR S R
7 i B 2 EAE O TR HERR 38 43 W) 5 - 3 o
AN o ARSI i R FH 1) - 39835 52 3R [ R JEE A A MR
15 Ye R sZ TS g 3 Cd S FE R 3%
Jl B G DR HE T 15 e, A K R AR 1%
FrRYEE TR AR B

HIEETEA Cd i FEZH R Cd 52m,
5 H A A e A A B2, A TE S Cd e &R
02 A BRI R X R T E A B A
132 SR R P AT RS TR AL S 1 IR
FiAlE pH CEC R LB AF b B DI AR G,

ARG, BRIEIGE Cd 4rd ZE5 3 CEC,
pH TG PE Fe 6 1 Mn 42 i 35 5040 5 , U BH fifi 45 1138
pH .CEC .JEPE Fe FIEE Mn {8 9 7H 5 , IR HR S Cd
diA Cd Hefil R R, X TIPS Cd 5 R
Iz I0) Je A 0 2 I o, 5 SRR AT F ey i 220
B, B pH BRI Ho B R
1%, e B 1 Cd> i B i) - AR 25 A 3 22, AT
FEAR T 3P IR PR S Cd &5 24 1 35 Fe 1 Mn
PEn, S5®REBIGE Cd 58 RS, I
T FEARBRREES Cd 50 R 88

AR S TR JE S Cd TRk Cd 4
fit R B R AL, B & 13 pH .SOM (CEC . B ki 6

£ Fe 76 Mn K4 S BT, TR IR Cd K Al 4
b3S Cd e REE R . X —25 R 5 ar AWFFEARAT
Gro FREFPMISIAN N, B 1458 pH AL A AL
BRAER S, TIEPIEMES Cd SRR AL
K AN 5E NN, 1 3E CaO . SOM Mn CEC .pH 5
B EALS AN S S Cd BIEMK KR AR
A Cd 513 Fe il Mn S RO4E G4, Twinl
AALENDE Cd 5 LA A S by g &
AP0 R A Fe 3ETE Mn A HUE A4 S $25,
SO R CAFE P A, TR RERHEDTTE,
PR TR Cd KT & A0S Cd L] Al ik J5ias &
AL Cd B R BB 3 CEC FHE M FEAG, mT
REZ HH FRES T3 CEC B3k, IRt ay Cd> i
AR Cd IS A S A A

BRI Cd RS 1S Cd i 2 B
TG, oAt 3 o g R B . FRE A Cd
FETETIRAET W dhds MR A5 R
b, R - 3 Sk FE i /N
23 1 CdEEHNEWEZS

h T ARG 3 Cd AFIE S A i 3=
BRZE, VR BIE A Cd Sy S &, DL SRl
HAREL, FHZAE st Cd T4 R 3 ol
PEFTAHT, A T HEE IR Cd AP Rl R
(3 5)o PR I RR A AT S, L i S K OP 5 22
IKF]0.05, FRWEES Cd &S FHEHE T2 E Ak
BN, B LAIF AT AR ARG 5T 3 % - 4
i Cd.pH ff .SOM CEC .Clay . 1% Fe 3P Mn Fi14>

R4 TEEREES G RESERAYS TEERMAEXE

Table 4 Relationship between various Cd fractions, distribution rates and soil physic—chemical characteristics

T-Cd pH SOM CEC Clay Feao Mny,o %S
AL Cd &1 Total Cd 1 -0.33 -0.19 -0.33 -0.02 -0.47* -0.40 -0.26
R Cd & Aci-Cd 0.99%:* -0.36 -0.21 -0.36 -0.01 -0.44 -0.41 -0.27
ALY A 4 ¥
D%rﬁbi%(:l Sieﬁ;EEffﬁéd 0.83%:* -0.55* -0.38 —0.67%%* -0.22 —0.71%%* —0.68%** -0.47*
1SUr1. 10] s C c1—!
TR JEZS Cd &4 Red-Cd 0.97%#%* -0.21 -0.11 -0.22 -0.05 -0.38 -0.35 -0.22
B A Cd A 2
Dijtj‘r:iil;ﬁ(l): S&jei?%ié—%d -0.31 0.84%%* 0.66%* 0.78%*%* 0.23 0.60%** 0.57* 0.48%
"&b Cd A& Org-Cd 0.927%: -0.17 -0.05 -0.14 0.02 -0.34 -0.32 -0.21
LA Cd 4 -
Di‘iﬁ:‘; S‘ie)i?%iﬁéd -0.38 0.55% 0.50* 0.59%:* 0.60%* 0.60%* 0.52%* 0.14
1S 1C : C —
GRS Cd 5 Res—Cd 0.28 -0.23 -0.25 -0.16 -0.13 -0.36 -0.31 -0.08
SRt Cd oric 250 -0.68** -0.14 -0.17 0.06 -0.14 0.21 0.23 0.20

Distribution rate of Res—Cd

TE:* FRAARNE B35 (P<0.05) , ** FIRAN AR 2 (P<0.01 ),

Note : *Indicates significant correlation( P<0.05 ), ** Indicates very significant correlation(P<0.01).
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Table 5 Stepwise regression equations of concentrations and

distribution rates of various Cd fractions with some factors

2 W 2 Stepwise

regressive equation

F R SE

FRAR S Cd &t
Aci-Cd
RIS Cd 23 25k

Distribution rate of  y=0.583+0.020x,—-0.013x, 35.89 0.832 0.076
Aci-Cd
AT Cd fr it
Red-Cd
AR A Cd 20d A %L

Distribution rate of  y=-0.284+0.092x,+0.001x, 37.34 0.838 0.043
Red-Cd
AT Cd i
Org-Cd
AL Cd A R4k

Distribution rate of
Org-Cd
BEDS Cd & i
Res—Cd
FRi S Cd 43 R R
Distribution rate of

Res—Cd

y=-0.433+0.761x, 1 965.91 0.996 0.320

¥=0.098+0.180x, 285.16 0.973 0.197

112.56 0.936 0.085

¥=0.039+0.049x,

¥=0.194-0.002x5

13.47 0.676 0.032

jﬁ — -

¥=0.230-0.016x, 11.66 0.780 0.069

7:F(0.05,18) =4.41,F(0.01,18) =8.29

S it 8 MMM T, ﬁf%ﬂﬁ?ﬂ X1 X2 X3\ X4\ 5,627 X

A 5 ATAL BRFRIE S Cd Aoy [ml)H )y &
PIAR, HAhIE A Cd ol Eéﬁﬁl%ﬁ]ﬁﬁ? A B0 T FE
FAE>10), Dl e Rfb PR 545 B2 Cd RIfEfEZ bk
BUEER, ik 8 Figm R 1 Cd B4R 252 mi A
£, N HHEEER S Cd AR IS BE K ﬁ)%ié
A Cd Fash, HiEsa Cd &m A 3 FEd C
GRMFERZE,; 28 Cd & pH IR C
SYHC R B FEE R ER s pH FTEYE Mn Sh 52 ﬂﬁTJIJ?\M
Cd S BERE FEIRE; FkhZm T A b2 Cd 43
LR FEINE; 2 Cd IR ACd /3 &
B FEEER, R, Eennma A i, FIH
Cd 8 & AR L3 Cd, b 34 Cd Sk
REAR Cd XFFREERT5 Y s HR AT 4 i 138 pH BRI
48 Cd V5L XU 5 38 T I B iy 4985 M M FIZkr
T, RERRIEIGE Cd iR JEA R Ak AR,
[ BRI RAC A, 12D Cd X AE SRR VAL B -

3 £
H4JE Cd & 8TE 6 B+ i A EE R iR

HR) SRR >R SEYVE> B3N Sl BT
IR L RE. A CATBRSMRE L6 Rl 1

Cd B2 BGE A, Uil Cd 78 - 8 rh 3G P 5 .
M??F Al AR TR AT T 1 A SRR AR B
FrERIAF] 50%L) b 7E RAC TEM 48RP A T H
mﬁﬁ,tiﬂﬁ %“%%Erﬂi_%nﬁiﬂm&%&i?%ﬁmﬁo
LIS Cd Er T2 4 Cd Fagn, SIS

Cd ﬁﬁﬂ%ﬂﬁiﬁ@ Cd.pH.SOM .CEC Bk JEE Fe,
T Mn Je4e S it fElnm  semiR vt Cd /e R
B R Z 4 Cd Fl pH; 5Em Al A R Cd 32
ZON pH ANEME Mn; FRIAI4 Cd 435 g min] A4S

Cd ST RBFFRAEL Cd ZME 250 EE R 2
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