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JEFR I (RS TR A T b 5 Y XU AR HEGRAT) ) (GB15618—2018) 15 e XU T 1R (0.4 mg/kg)RY) 4.85 15 fajBALkit
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Quantitative Relationship Between the Bioconcentration Factor of Rice Cadmium and Its

Influencing Factors
DOU Weigiang, AN Yi, QIN Li", DONG Mingming, LIN Dasong
(Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To further determine the quantitative relationship between the bioconcentration factor (BCF) of rice cadmium
(Cd) and influencing factors, this study was carried out based on the routine monitoring data of the southern rice-producing
areas provided by the Agro-Environmental Monitoring Center of China. The correlations between soil available Cd content,
pH, soil organic matter (SOM), cation exchange capacity (CEC) and rice BCF were systematically analyzed, and the
quantitative relationship models were established by multiple linear regression. The results showed that soil total Cd
content ranged from 0.25 to 10.34 mg/kg with the average of 1.94 mg/kg, which was 4.85 times of the risk screening value
(0.4 mg/kg) for Cd contamination in Soil boironment Quality Risk Control Standard for Soil Contamination of Agriculture
Land (GB15618—2018). The results of linear correlation analysis showed that BCF of rice Cd had significant positive
correlations with soil available Cd and SOM (P<0.01), the correlation coefficients were 0.395 and 0.474, respectively,
while significant negative correlations with soil pH (P<0.01) and CEC (P<0.05), the correlation coefficients were -0.470
and -0.200, respectively. The model constructed by multiple linear regression was 1gBCF = -0.346pH + 0.0131gSOM +
0.1811gCdayaitable + 2.001 (R2:0.560, P<0.01, n=112), which can better predict Cd content in rice and the safety threshold of
soil Cd in rice production areas in southern China.

Key words: Field environment; Cadmium; Soil properties; Bio-concentration factor; Quantitative relationship
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BYREENREE, BB —-ERFaT k&M
P Bl K REVE 3R E A R BN SR, S5 AR
PikAE, KRS 4 R AR A B AR RE R
— IR AT AN R R 2R AR AT | SRR S A AR ]
T SO B2 3R P ) B S R AR AR
YRR & R B U . I, 8 TARBEAE Y
IER AR RGN, AR R DT R 5%
AT W e

Kig g aaR g g RR " + ek iofn +
B U B B R A, g RO
FEINHR, pH Al RN RE KA B 1 0 R i 1k 5]
T B ZEAKE(P<0.01); BRf&E BF9Y 220 pH 75 4 ~
9 B SRR O i R B E LA IC(P<0.05); AL
Ha I ST A5 2 - e LR & B B R R
8 o EARNT T ARG, R PRSP RS K B AR A5
i R 28 42 2 22 HLASTT A1, KR 0 AR K R A
A —, FrRgE 5 iR A e B —E 225,
B RIS R, 8 b IX 1 55 5 Rk R
P Z AT TC I ARGk . BRI, R 3R EE RS K 4
B AR N 2 K AR B H R e,
HE— IR AIRGE -

25 b ARBIRSE LA JEUAR M 5 B 558 W S 3t %o R 1]
JiKFEF (LB AT, P BT, B C i, L
D AR B )G T M EE S Sl RG T

T IR AR AT RRDL , TRAIRIT T KA A0 A
Yyeg 4 280 LIEARGR . pH. AHLSLA BB T
SARE RO IE R, IRl 2T I =S T AR AR Y
A= A AR RS e DR i AR, U D e
1 7 K R 7 R R B8 22 4 1R 7 e MR AR B A A5 4
B (A AR PSR

1 #RERE

1.1 EHERiE

AW FEBIEARIE T 5 A N JEAR Y BB R 58 Wi
Sl X 3 ] R KR 7 ML R — A4 22 b DX R R
BTV IEE, BT AT, TV B, M C
i, #idt D dRIIEE E T 5 KA b 112 415K
i, Hrhg Ai2edl, B 444, 5iMlC
W74, Wdb DT 13 41, BIRE E i 22 4. Fdlif
& pH. HEANLTE(SOM) ., FHE 735 (CEC)., t+
Bk . AR LA KRG KR, AR BR I RTIN vk
W 1 Fs o Herh 304 20 I 2 >R DTPA $2Ht
B, BARERERRE R FRRCE KTt 2 mm JEJE
i ) 1 3ERE A 5.00 g, BT 100 ml HLZEHEIEI T,
BUWEA 25.00 ml DTPA $£EH, T 25 CAAIK
AKFERAELE R, J73% 180 t/min, 2 h JHUR &
DET g, &35 5 ~6 ml SR, R B0 5
TR A o R

R 1 LRFRPRISTRAIAN 7% R AR E

Table 1 Testing methods and standards of soil and agricultural product indicators

isalllERLA SRTIDFRPS RS S T i 4 Bk EE PN
+ 1% pH % T LA NY/T 1121.2—2006 + 3 pH Ay E [14]
SOM KRN NY/T 1121.6—2006 A B I e [15]
CEC 1 mol/L Z.FREE ATk LY/T 1243—1999 R - 48 BH B8 - 3 46 12 1) 00 [16]
RS AR TR R HJ766—2015 BAREY 4 RITERME e A 555 AR s [17]
T A U DTPA 5% GB/T23739—2009 TR ARESE R IE Rk [18]
KA RBUNA SR TS GB5009.268—2016 a2 EFRME Bi 20 R e [19]

1.2 ZEALE

FIH Excel 2013, SPSS 22.0 L % Origin 9.0 X§ £
ARAEIEATAE . Gt 500

AW E 4 R EU(BCF) : RS AR BCF & SUNFEK
e S RS R 2 L, A R I KRS X 4
B R SERE IR, 2 M. AP,

BCF=Clice/ Csoit €8
AAT: Crce WFRSR & Bl (mg/ke)s Coon WA HERIRE
i (mg/kg).

2 GRS

2.1 FEABEEZWEZMNSFES

= 2 s, BFFEIXIE pH YA 5.10 ~ 8.00,
AN . i Rt 48, SFEIER 6.14, R R
B 15%, JEPSEARRRE; SOM WYERIh 9.89 ~
77.00 g/kg, wKRMERER/MEWN 7.79 £, F¥HER
36.56 g/kg, A5 AECH 42%, J& A AR SRR CEC
HITEEE N 7.49 ~ 19.68 cmol/kg, B AIH 2/ IME)
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2.63 1%, MK 13.65 cmol/kg, ZEHRBCN 19%,
JB AR R FHEARURAIEE Y 0.08 ~ 7.47
mg/kg, IARMEER/IMAR 93.38 1%, FIEN 131
mg/kg, BRRBCHN 119%, JEIRAS TR, M+
SRR 0.25 ~ 10.34 mg/kg, e KA R/ MER
4136 1%, VMK 1.94 mgkg, BIRE ( THEHE:

Jo A A M - s g KRS A 4 A e (AT ) )
(GB15618—2018)rf1éii5 e KUK 5 12 {H.(0.4 mg/kg)
(¥ 4.85 4%, ZAESERECN 109%, JRIRAEFRIL; fik
WAL R 0.03 ~ 529 mg/kg, K H R E/ME K
176.33 fi5, “FHMEH N 0.70 mg/kg, 5 RECH 136%,
Jo A S R

x2 FEAEBREZMERMFKITSF

Table 2  Statistical analysis of rice cadmium and its influencing factors

Eizg o FEAK R (4) 0. SRR A b2 5 5 R E (%)
+3E pH 112 5.10 ~ 8.00 5.80 6.14 0.90 15
SOM(g/kg) 9.89 ~ 77.00 40.05 36.56 15.39 42
CEC(cmol/kg) 7.49 ~ 19.68 13.07 13.65 257 19
A U (mg/kg) 0.08 ~ 7.47 0.37 1.31 1.56 119
+ 447 (mg/kg) 0.25 ~10.34 0.79 1.94 2.11 109
Fei K4 (mg/kg) 0.03 ~5.29 0.39 0.70 0.95 136

2.2 FEKIRK BCF SHZMEZRMHEX S

221 FEKERE) BCF 5 5 S5 A A &40 A
WE 1R, TSR BCF 5 T A RS2 B3
TEAEDG(P<0.01), (HAHSCRECH 0395, fRTAkiAE
SEOL R R EREE 38 2 R AR DGt 2 Hh B 55
%, X GRS A E R PR A 3R S
FE AR & 5 i B AH G (P<0.05)  HAH K BB 0.557
MILEEEML. BEAl, ZRRRE AR gy 2 W H e 2R e
FOKERA BCF {5 13 30R & S I A G
M5 L HEPRFFTUCN I RIAEE TP R KR S5 A 3R Y
SRR, VPR B4 «Phb
1530 TGS, B EY i o it (X A 5 ks
B R XA AR 025 5, 398 5 v 1) DXk
Ve a It AR —E . AL, RIS K
EHHEENRZE, B ARSI NAZ HANE Z 520

40T 10,161 09x+0.38936

=112
3.51 1=0.395, P<0.01

3.0F ®
2.5F ®

. .
0.0 h:zlv.fsl.o.-l. 1 1 1 )
' 1 2 3 4 5 6 7 8
L IEE R (me/ke)

1 FER{EH BCF 5 TEEMmAIERXE
Fig.l Correlation of bioconcentration factor of rice cadmium and
available cadmium in soil

2.2.2 FKERAY BCF 5138 pH MIAHX MM a0
Kl 2A fiis, RKSRIY BCF 5 pH M B A
(P<0.01), FIERBCH -0.470, BIFE pH 31K AE
XY B AR ) R R, x5 5 WRME R
R T A R — 5

kAR pH A0 TR KRR 0 & 4T
F, DIRE (ARG R R 1 58 g XU
BEAEGRIT) ) (GB15618—2018)2r pH /3Bt Ky
A (& 2B), 24 pH<S.5 B, AR EE 1) & 42 76 1 ik
XEFE AL pH &0 F L HAE S MRS T
A AT S B AN, B AT S AR R A R, K
Pt 8 SR RE 38, B2 PR A pH R 3.5
4.5 TR FRASFLIA OGS KR - EA Tk s A5 1
TR ER 25 A Sl 2 ) ] S S itk , H4 T H
TR IR pH B/, SRR R 25 & 4R
I REBR 22 |, B Ak Ry AT A8 3 A8 i 1Y) it W 2
AR, A% pH 54T t- B UKL Y 2R 18 1 H far Ei a4
Z, S cdakE MR ER, BRET cd
1 L3O T B B, XS BT s b e] Se i
e mEmeT, M pH7E 5.5 ~ 6.5 I, FAXT
)RR TG TR, EREEAIE, X 5N
PSSR A9 3 145 pH<6.5 I A R 1Y & T
ANZBE pH RS A A& AR B AR Y S5 e — 5. 3
4 pH=6.5 B, FEKXTRME LRI e 2T %
(6.5<pH<7.5)f5a T FZ&(pH>7.5) 0 ka %, XEHN
Tk RS N R R S E A A B A UKL
VESFAE F DIES A 1 S50 |« B h S e g £k 5
WAXHAE, WREER/N, TR IG YR E
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WEBRAL, FEENEYARE TR, WPRSFF
PN IAN pH T 2 0 - A ML B4 fige 44
K, ARSI, BRI A R
BRRE A HLBT-HR 28 G W B Ab 45 6 85, T30
A ZZ A o N [, L4k, Caporale Al
Violante™ W5 B & pH A R4 3 K - e i

35F

L (A) y=-0.330 31x+2.628 96
3 0 [ ° }’I:l 12
T o r=—0.470, P<0.01
25F .
r [
[ ]
2.0F .
o
- L ]
Q 1.5_ o .
1.0}F e .
L ..
0.5F ::':
| g ° °
0.0k ‘ ¢ '. .;:’; ...- 2
45 50 55 60 65 7.0 75 80 85
- 3EpH

Cd* 1 OH'WIE 7L, 1 Cd*5 OH X&LIKAE
FIIEAETE, pH Fh s S IR fig s kA7, H
CAOH WYFFAE Sl Cd™* (14 WS o 5 2 558 48 o v ol A
Ji CA(OH), FLUE MIMLLS I R, Bl - i v rh iR s 1
W B T RRAR . PRI, SEPRAE = ol 148 pH JH 6.5
~ 7.5 DL A REA SRR K X4 1 & AR hE

- (n=33)
0.861 B)

T

0.9
0.8
0.7F
0.6
- L
R 0.5_—
0.4}
0.3F
0.2

1 3FpH B

2 FEAK$RHI BCF 5 pH g9#8% 1%

Fig. 2 Correlation of the bioconcentration factor of rice cadmium and pH

2.2.3 REKEEM BCF 5 SOM Fl CEC At
WK 3A s, FEKREEE) BCF 5 SOM Sk i 3% 1EAH
K(r=0.474, P<0.01), X 5 HIH # &P 53] SOM
Y I OK R A S AR Ie — 3, RN
R RE 5 R A3 i Y AR BT (U AR ) TR B e A
KA YR A e A o R sh D,
KRR RS . (B A RTINS SOM 5
FEKARY BCF 2 B & iAo, 4N, ZRabagEn)
WF5EIAN SOM X /K e ' 4R 58 (1 SE e A 1 2 . T[]
3B KW, Fk#HN BCF 5 CEC & &A%
(P<0.05), MIZERECH -0.200, UiHHBEE CEC &
BIBE NN, KRR AR & AR e ) 2 R, TRRE

33 _(A) y=0.019 56x-0.114 77
n=112

3.0 =0.474, P<0.01
2.5 *

0 10 20 30 40 50 60 70 80
SOM (g/ke)

i CEC &b & S8 i i s i3 m, i
MK cd' SHmmssaile, MELH cd™ 8
W B A5 [ R, T D /K R 4 1) i 464, dn B2
RIS RS Y R CEC S
A1 T2 B S 400 ) 7K R X4 1 8 4
23 TEAIBHBCFSEXMEZEMENXRED
Zi b, FHEAUR . pH. SOM K& CEC ¥fig i %
mRKmRE E S, Hit, U BEE R . pH. SOM
F CEC o H 78, FEKHAAY BCF MR AS &L, X%
BOAE , A 208 vk A A @ RR I 2 7
HOCRBA(ER 3). Y HARN N AR, H
WiE RSN 0.156(P<0.01), Ui+ 34 &4

351 ) y=—0.049 41x+1.274 65
n=112
3.0 . r=-0.200, P<0.05
° .
2.5F *
o © °
2.0 .
o
L]
K15 . - .
10} . °

0.5 .o .‘..’ .‘ 0o, R
.
0.0+ ° & *"“o’“’ ° ..‘

6 8 10 12 14 16 18 20
CEC (cmol/kg)

3 X489 BCF 5 SOM #1 CEC gy#8 %1

Fig. 3 Correlation of bioconcentration factor of rice cadmium and soil organic matter and cation exchange capacity
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REFEHIRIAL 15.6% 1725 pH AN R E 5]
AR, HHERZEAE N 0.462(P<0.01), XA FHEH
IR 46.2% 7SS, pH RS TERA B Y BTk
30.6%; #E—5 | A SOM AL 2 R A2 K 0.560
(P<0.01), +3EA%GE. pH LI SOM 3 M AF B e
HIBEH 56.0% RS S, SOM WA I R B (14 Tk %
K 9.8%; 1M HEAREE . pH. SOM LUK CEC 4
AT AT G AR, RAGEE REGERIRR, N
0.573, {H 4 [EIF7 i ¢ FR AN AE A S 04 T O 1%
A kB B FIKE(P>0.05), KL, AT +
MRS . pH Al SOM Al = X 112 B 56 i
# 1gBCF= -0.346pH+0.0131gSOM+0.1811gCdavaitapic™
2.001(R*=0.560, P<0.01, n=112)41 T & H 5§ J7 7k
R 7 Hb A K A o I TN R HE AR A S K A
HHES

AR HERR B2 DTBR R0 3R W], pH 5 (30.6%),
A RERIRZ(15.6%), SOM #fiK(9.8%), ¥l pH
AR ERE KRR RS ENFEFEE. 556,
A FE A5 1 = B 7 1 G R BB E R 40(0.560)

*3 EAKIWWBCFS

WA T Ak IR 25 5, T BB PR A H (A1 5 2R
B T A A AH 22 5K, T P oA 25 5 25 5 | ke - 49 7
TRVERR | A Wi LA BOKAE B B — R 51454k, HF
1117 SO AR A AR A AR, an B AR AR DO
FEI 1) 32 6 A ) AR K 460 5 0 0 AR o o R B
0.509; 71 ¥4 P13 HH ) SRAE S 57 (9 R K5 75 o T3
TS RYRf 52 0N 0.565; RARMEECY LT /K R 1 Ry
A 5% X G2 ¥ 2 7RG P 5 114) 22 . [ A 9000 A5 75 i
FECH 0518, BRILZ AN, ABIST X2 (0] 15 5K,
AR FNKARTE b 25 S0 S, F R ER SR h RR AR 1Y
B SZEAR AL, TR IR
R ) K KRG R S 2 I 3t A2 s A
BRI T RO I A N AN [F] 25 7
3 ERRERNE ERE AR, KA R R
BARA A NIE 6 4 177, A8R5 . 4 284, Wil
B H o4 284, B 4k 840, HEAE, SWIH A
I 498, &L 21, KEfE; TRMELRFIRERAR
[l KR RO A Y AR R Ty 22 S I, BRI 06 X
1 A B IS A

MEREEXRER

Table 3 Model of quantitative relationship between the bio-concentration coefficient of rice cadmium and its influencing factors

PP e FEAS 5 Ty AR R P
AR5 112 1gBCF=0.1611gCdavaitabic+0.389 0.156 <0.01
XL F 1gBCF= -0.396pH+0.2041gCdqitapic+2.765 0.462 <0.01
=RF 1gBCF=-0.346pH+0 .01310gSOM~+0.1811gCd,aitabic*2.001 0.560 <0.01
Pa A 1gBCF= -0.338pH~+0.01210gSOM-0.02910gCEC+0. 1861gCdyaitapic+2.368 0.573 >0.05
e BHEE R Cdavaitabie 78 o
3 it S Z 3k

DHEZMSET, HHA SR SOM 55K
BCF S H 0 35 1F A 5E(P<0.01), #HE R 5043510 0.395
F10.474; pH 5HEM W FAAHI(P<0.01), HIXHR
BN -0.470; CEC HHA B3 6 6(P<0.05), ¢
ZECH -0.200,

2) 398 pH XK & 4R 1 52 il R ELAR R L
M pH<5.5 B, KRR E ERE IR ; 5.5<pH<6.5
W, R S FERE SRR F e, (BRRIR NI
M4 pH>6.5, AKX E RN B2 T )5
R S EE

3)ilid ZIoe kT, FT ARG . pH Al
SOM # # [1) = (A -2 i K R AR AY 1gBCF= -0.346pH+
0.0131gSOM+0.1811gCdaitanie2.001 (R*=0.560),
P<0.01, n=112)%F 3% =5 7 /KA = Hfe oK a8 & 8 A0 £
SR A 25 4 BB TN 38 31 T 4 3 K
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