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Geochemical characteristics of rice uptake of cadmium and its main controlling
factors: A case study of the Suxichang (Suzhou—Wuxi—Changzhou) typical area
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Abstract: On the basis of collecting and testing about 416 couples of rice seeds and the cultivated soil samples from Suxichang

typical area of Jiangsu Province, a series of geochemical data related to Cd distribution and other relative elements concentrations
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since 2011 was obtained. By studying and analyzing these data, the authors confirmed that rice uptake of Cd from soil is mainly
controlled by such geochemical factors as cadmium, zinc, selenium, pH, organic matter (OM) and cation exchange capacity (CEC)
within the cultivated soil. Some conclusions have been reached: 1) When the pH is lower than 7.0 in soil and BCF (Bioconcentration
Factor) is larger than 10% in milled rice, there exists obvious positive correlative relationship between Cd concentration of milled
rice and Cd and Zn content within soil, and their correlation coefficients are above 0.67; bioactivity of cadmium in farmland soils is
higher in most cases; there exists more significant correlative relationship between Cd of rice and bioavailable Cd of soil than total
Cd within soil if cadmium content from the cultivated soil reflects only exchangeable and weak acid—soluble fraction, with the
correlation coefficient larger than 0.7; 2) Se, OM and CEC could inhibit the rice uptake of Cd from the cultivated soil, and there
exists a significant negative correlation between Cd concentration of milled rice and Se, OM and CEC concentrations within the soil
under some limited conditions, with the correlation coefficients being less than — 0.5; 3) Soil acidification could stimulate the
increase of Cd content in the milled rice, when Cd concentration of milled rice is larger than 0.2mg/kg and its OM is equal to 2.5%~
6.5%, and there yet exists significant negative correlation between Cd concentration of milled rice and pH in the cultivated soil, with
the correlation coefficient smaller than —0.6; 4) the Cd distribution in different rice organs is not uniform, from the roots to the upper
rice organs, the Cd content in rice gradually reduced, and it is obvious that root rice organs could play a greater role in absorption of
Cd from the cultivated soil during the rice growth.
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Fig.1 Topsoil pH distribution and the typical rice seeds sampling locations in Suxichang area
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Table 1 Sampling processes about the 416 suites of rice—soil samples in the study area
REEAEA) PR (E) S HTIR R b P33 IX 33k Sy AR LT
2014 65 Cd % 22 10 PN Rvaieii | i B A VR R AT R VR R B A e
2013 157 Cd 2 16 13 T VU e S PRl D50 R T T A A s
2012 28 Cd % 14 10 RN R R B A VR R AT B VR R B A o
2011 128 Cd % 20 IR S TR B A VR R AT B VR R B A o
2010 38 Cd % 1317 NI B VR R AT A VR R B A o
R PR S AT A T RGE A3 BT o i 56, A b A A T it AR B 5 AR
IKFERFSE B TI R BURR B R T RHM EPUTCE s 1 & R i) (GB2762-2005) (Fi K

A1

9 A TR AL R — R (B R RV S
- HesE A A ) R R A 58 A B IR, TR
WEEEFE S AL | 22 2 e R oK B R F 300 g, H %
NAE [ 58 S AT ORI . B2 1 9 AT 25
S HFE ST ey 5 b 3R 4 (— R4 15~20 cm
L ERER T ) AR 29200 g, R AL
1000 g FH A A= BEAT B 1A b, 25 B T B - 18 58
SRR A5 22 ) B — K T 10 m, 38 A4-R
BEIS AR AR ARG e R R I R T, +
352 5 7K R AT S R AR VU B AH [R] , 52 42358 FH GPS 28
R TO SRR A R RS

2.2 BEMIEaHiR

+HERE H AR, Gi—ad 20 HJE BT ﬁkF%’ﬁ
HRTR AT 443 200 g 2% S80I T AT IR
RS A - pH L mm%%éiﬂﬁﬁuuf
A YEIER S A % 200 H .

AR RIS, F AR B, 25 B R e T A K
(A WEVE 2 38 , PR 4K IS 1k, B i
Je & & 25 e, BN FER 2] 43 B 200 g Rl K %
SR R L IR AN 2 200 H | 585 P4 AR
HETFRHEA TS AE , S AT AR DG 5

Fei KL 4> BT $8 A5 045 Cd \Hg . Pb . Zn , As . Cr,
Ni.Se.Fe Mn %, HIEH T8 05ER LR TT RSN
TN pH.TOC .CEC., LA I i B it BTl ik T8
] A R P 0 Y B A R SRR, O T
PRUEST BT T, 4 A 5% B AR 1 2% [l K — hrbn
HEY) JTHEAT W4 , FEORAE S BT BB A s 225
SO PEE A R A AR
2.3 WMtREIRE

B 1875 Y (B 4 Jm B AR Hle P T (B R
77 i MRS B P bR ) (HT 332-2006) (4% HI
3 Cd kS FRFR A 0.3 mg/kg) , Rk Cd A5

Cd & it PR {E H<0.2 mg/kg) o A SCHT BT A i
il‘*%ﬂEﬂJEE FI L3 380 BERDK B LR ARG

TUR &Sl
3 %ﬁﬂécaé‘%ﬁﬁ

XF ik 416 ERGK -HHZ LAY Cd & 50
it K.

(1)FEK Cd 5 3 4 0.0038 ~ 1.68 mg/kg -

BIE A 0.163 mg/kg, Cd #RFRAE 5505 B A R A5
(R R 21.6% , TEREK CABBARIIEE b, HEZ
B Cd AR IRE 5 T 90% , + 35 REK Cd Rl
BRI G20 85%.

(2)#FZ LR Cd 43 A Ja 2 0.07~18.3 mg/
kg SEHIE N 0.9 mg/kg, Cd ABARE s R A R
1) 45.5%, 713 CABAR AL Rh, HRTK Cd i
PR AR RS 50% , oKk S5 #F)Z - [RIREREAR W) &
oy 42.8%,,

(3) k2 1 AR & 10 2 B B pH=4.7~8.2 . °F-
BIE R 6.1, FE oK Cd AR A a5 i X 1 4 18 1) pH=
4.7 ~82 FHMEM N 6.1, Hid 435 pH<6.5 AYFE 5
Hi R 69.5%

(4) k= AR A P (OM) % 5 =1.33%~
9.64% I E 5N 3.75% . FEREK CAHEFRAE
H A1 OM=1.98% ~ 6.43% V-1 Jy 3.82% , H:
H1OM > 3.75% 5  HER 51.2%

(5) #2180 S 0 BH B8 28 4 i (CEC) A F
71.8~274 mmol/kg .~F-#4{H 4 168 mmol/kg , FEK Cd
B BREE ST R 4 HE ) CEC=95~228 mmol/kg . -
P~ 181 mmol/kg, Hirp 135 CEC > 168 mmol/
kg FIAE R HER 67.1%

(6)FEK Cd A=Y & 4 R BCFHP R 247
T 10%~60% , BCF ¥J{f 4 20.2% , 5 FF K Zn , Se )
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Table 2 Statistics of Cd , Zn, Pb and Cu concentrations within milled rice and its soil samples from the study area

TR AR (mg/kg)

FHT R AR (mg/kg)

TE P-4 BCF(%)
Min Max X HbRER Min Max X Jlat 7=

Cd 0.0038 1.53 0.127 17.04 0.074 18.30 0.93 4497 20.2

Pb 0.04 4.29 0.120 5.01 20.90 306 47.07 8.18 0.25

Zn 12.2 387 21.1 0 41.40 496 9281 2.37 27.1

Cu 1.52 7.78 3.82 0 13.10 234 3501 5.01 12.9

T 2 Min VG i, Max O i i, XO P38 8 i AR RE A b7 SRS 0 B 08, BCE
TCRAEYEERE WA TR S8/ H TR S E .
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B 1.6 - . _ 16 1 ’
= o . 5
] & AFRE T 1EpH
=g - B 4 >
i i
nﬂ 12 1 . // E{%ﬂ 12 5 g 2
3 . 3 "
o8 4 . . . /I/‘ £ 08 * . ¢ » LIRS
[t - =2 . 4 £21 {. * * ’
o - & K4 — ae i s i ey
)l'z\’ 04 - ... * ‘/ = o * - g .‘;-: 34 v »e i
2 N iR 04-’3.:.:..' i
.‘/.’$.:: . o 0" e L RS .
&. *
0.0 - T T T 1 0.0 T T 1
0 1 2 3 4 5 0 2 4 6 8
TIBRCARE / (mgke) FIBRCARE/ mgke

B2 FEK Cd 5 35 CdAHSNE T4t 1

Fig.2 Correlation between Cd concentratiosn of milled rice and Cd concentrations within soil
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Table 3 Analytical results of Cd concentrations (10°°) within milled rice and its cultivated soils in some typical places

. VPN T Cd TEA ST + 5 CEC/

Eae) pH OM/%
Cd Fl F2 F3 F4 e FA Cd (mmol/kg)

XTO01 0.054 0.92 0.44 0.1 0.045 1.51 1.46 1.60 7.79 224 198
XT03 0.045 132 0.4 0.09 0.0625 1.87 1.81 1.97 7.03 5.41 218
XT04 0.062 0.44 0.16 0.029 0.08 0.71 0.63 0.75 6.77 4.62 211
XT06 0.2 0.84 02 0.0365 0.1 1.18 1.08 158 5.06 331 148
XT08 0.3 172 0.56 0.055 0.08 242 234 311 5.76 5.19 211
XT09 0.22 0.72 0228 0.0255  0.0825 1.06 0.97 115 5.93 4.62 208
XT10 0.83 1.84 0.56 0.05 0.055 251 245 281 5.76 5.40 218
XT11 0.23 0.92 0312 0.046 0.0875 137 128 139 6.53 3.43 188
XT13 0.12 0.92 0.4 0.065 0.1 1.49 139 158 6.73 257 234
XT14 0.62 1.16 0.44 0.075 0.065 1.74 1.68 175 6.66 3.95 254
XT15 0.22 1.64 0.6 0.125 0.1075 247 237 251 733 3.28 239
XT16 0.86 4.00 132 0.175 0.13 5.63 5.50 6.18 6.02 4.64 274
XT17 0.16 0.16 0.048 0.009 0.0275 0.24 022 0.3 5.03 436 155
XT18 0.13 0.18 0.048 0.009 0.055 0.30 0.24 0.36 552 3.64 130
XT19 0.64 2.44 0.52 0.08 0.11 3.15 3.04 4.69 495 328 128
XT20 0.46 320 0.68 0.11 0.1225 411 3.99 539 5.03 3.57 140
XT21 0.72 3.36 0.8 0.13 0.1125 4.40 429 6.11 479 3.67 145
XT23 0.32 0.92 0.308 0.047 0.1 138 1.28 1.66 6.13 3.48 223
XT25 0.6 2.16 0.52 0.09 0.105 2.88 2.77 3.87 7.15 3.93 157
XT26 0.46 0.84 0.188 0.03 0.1275 1.19 1.06 145 5.67 2.69 120
XT28 0.46 032 0.084 0.0165 0.105 0.52 0.42 0.48 5.26 398 173
XT29 0.56 2.80 1.04 0.15 0.1 4.09 3.99 413 6.27 224 256
XT31 0.41 2.08 0.72 0.18 0.1425 3.12 298 3.13 6.62 3.64 246
XT50 0.046 0.68 0.124 0.035 0.09 0.93 0.84 1.04 778 429 144

TE 3R FLURBRATRZS , F2 A RIS, F3 T 5463 FA 5k

A, ME=F1+F2+F3+F4,FA=F1+F2+F3,

KARRBRIE, Y LR EECAEET RIS
FEK Cd 2 0 35 IE A SCRT, +35 pH EAAZ FR 2, U]
FH A HE CAFR TR 255 5 F1OR BT 1398 Cd X 7K A
W Cd s IR AR T S

WSS KR A [R) # B A Cd 43 A B TP 55 K
FEXT Cd WIS B AR P iE B PR R AL . AE
LAY CA i Y pF L SR T 10 /K AR 4% B AL
HARBR AR, S T AR K RS B I E SRS
H(3R4), MZRWEN K ST Cd & ER
Pl MREAR 5 48 Cd & 5 HA ] Foitk AR AE T
1) Cd 5 3 i = T AR A AT, R AR S5 AR AR A AT 1Y
Cd & 4l , KRR AT S g Cd & i, AL
572 Cd & 2330 , WOKFEAR S —FT- &5 — A -8
—fEF Rk, HCd & e SRR T REEHE. PRfgi
FARFRREGFEA , KR HA 28 B () Cd & AL F £ 4
Cd, R T H M E 4S8 T R Cd KRR N
s B 2 FHAEER

ST T LR 10 R4 1Y Pb SERM A5 4L, v]
B FCR Y Po I T RS, HLR5CHY Pb 3 = T
FEAR , BE 7 X & i o, R S RE5T Y Pb 228 i
T RER SHERAEAT , KA A4 H 19 Po ik T 3
(R S I HEWT ARG K Pb £ 2 0k 3 3 Pb 1Y
W, H I K LA ] — = M A 10 /K REAE AN ]
#VE 7 Cd Pb oA 22 b T LG, T DL SE 14 Cd
XK AE CA A B B RE
4.2 T1EpHHEIF G

R ARG R W], AR AR X+ 498 8 4 ) iy it
W3z - HERR B (pH ) [ 52 M ™72, [HAR A5
FORHR R % T EAR U, 3 pH S5FEK Cd %
2 AR B A S, T35 1 (4 R 5 R AU
90.024 (& 3) ; 4 BR%E 13 Cd > 0.2 mg/kg . OM 4
T 2.5%~6.5%HF , K IFK Cd 5 1+ 48 pH Z [H]fF7E
2R OGN, A RECH -0.6 (&1 3) , A PR T
SRR AT F) TR KT Cd By W B 4 L H 33 pH
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Table 4 Cd concentrations (10°°) of different rice organs and soil in some polluted places

Py g R HOBREF  BREA et R ME5E WK BCF LM pH
PJl 348 4.96 0.58 0.26 0.12 016 018 019 55 6.71
PJ2 13 2.89 0.54 0.26 4.13 014 017 014 108 6.62
PJ3 268 48 249 136 6.34 122 078 051 190 5.98
PJ4 1.61 1.0 3.05 23 0.8 226 185 114 708 5.95
PJ5 133 1.19 268 15 0.65 158 1.2 062 466 5.98
PJ6 72 5.94 8.85 439 155 097 122 092 128 6.84
PJ7 3.89 7.65 8.13 2.44 1.02 282 264 165 424 5.65
PJ8 3.36 6.52 7.46 543 126 174 18 12 357 6.08
PJ9 2.62 6.61 8.99 0.19 1.16 1.11 16 116 443 6.23
PJ10 2.14 6.84 6.67 0.038 0.85 112 1.19 097 453 6.25
P 296 4.84 494 1.82 1.79 131 126 085 287 623

T 3R SRR KR AR B 5 REAR D A e AR ST AR SR AT BRI R AR ) 2B UREAT . — 29 15 em

v 5 B AR AT R A A, AT PR AT o A POCR B T E . BCF Ay SR 8 UK S5 AR
R TTER I B LEN AL

RIETERKE -TEHERPbEE(10°)XFEk

Table 5 Pb concentrations (10°°) of different rice organs and soil in some polluted places

By WAL iR WEREH B M Rk RSt Fk KBCF LdEpH
PJ1 439 2.68 0.3 0.62 1.92 0.74 249 0.12 027 6.71
PJ2 437 1.54 0.16 0.33 1.13 0.61 2.66 0.12 027 6.62
PJ3 422 1.68 0.26 0.58 0.83 0.29 2.46 0.12 0.28 5.98
PJ4 449 1.31 0.29 0.45 2.13 0.73 2.64 0.14 0.31 5.95
PJ5 425 223 0.3 0.51 24 0.79 2.65 0.12 028 5.98
PJ6 33.6 1.18 0.21 0.65 215 02 2.57 0.25 0.74 6.84
PJ7 33.7 1.08 0.3 0.74 253 0.32 2.78 0.14 0.42 5.65
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PJ10 31.7 1.26 0.44 1.32 1.94 0.78 2.65 0.12 0.38 6.25
SPEME 38.3 1.51 0.28 0.73 1.90 0.56 2.70 0.14 0.38 6.23

T 3R SR KR AR B L 5 FEAR D L o AR ST s AR B R AT IR AR ) 1 2 UREAT . — 29 15 em
18 3 BCATAE AT B0 P R A LB ARE . A P OCR S T . BCF A a 4R 240 IR SR &

TIER IR T

Tl 23K Cd SN T 26 %, A 7E 123 OM Al
X R AE L Cd B T, pH X RE K A - SR i Cd A4
B, SRR IR R Bk
(IRER A, 75 38 Cd B A ™ B H ™ F R i b X
ARG B X 0T | e EAL
4.3 +1#EOM5 CECHIZNT

HHEE LT (OM) 5 FH B 72841 (CEC) [i] pH
— A WX FEK M A3 rh il Cd BAA —sE 5 . AH
Kot on, MR E 13 pH <6.5.Cd > 0.3 mg/kg
i, £5EOM 5HF K Cd Z a1 HA B3 Ak R
(PR ECR-0.546, E 4 4B 5 MAKR A 14 pH
H 41 Cd<0.3 mg/kg I, 75K Cd 5 11 OM Z [A]

(RRH DG PE AN LI B AH G R B 0.145, W&l 4 A2 5]
Fizs o 163 Cd R (> 0.3 mg/kg) (M + 3R
B, B 1€ OM BE I 2 1 il A5 K M -8 iz lic
Cd, 75 18 Cd & B AR R (<0.3 mg/kg) BURTEE T,
Hen -39 OM WA R 1 F 7K R M 3Pl Cd.
MFE K Cd 5 + 3 CEC 2 18] il 41 56 1 43 By 45
KK 5),TFH, BIRE 5 Cd> 0.4 mg/kg. . pH=
5.0 ~ 7.8}, 13 CEC 5k Cd HA B 3 fAH G
(AR FRECH—0.554) 5 A BR 2 pH . H 158 Cd<0.3
mg/kg I}, 13 CEC 5 /8K Cd A7 7F i 35 A1 o6k
(MK RECH-0.05), BARFE K, 13 CECHITEM
5 OM 20, 7F 398 Cd 7 2t fi =5 B 34 CEC wT 41l

http://geochina.cgs.gov.cn H1E LT, 2015, 42(5)



1628 i 5| Hh 5t 20154F

2.0 { 2.0 1

R=0.024 R =-0.600
*

@ 1.6 A . . @ 1.6 A .
on on
£ - =
< " * < *
uﬂ 12 . ¢ % 2:11 1:2 .
o8 . & e & o8 e
£a @ 8 ' 5 £a T
a . s a .
“'g b t . ‘o' * R 006 * ;Fﬁﬁij:i%(:d g \\\. " * .0'

e 3 s " 041 T et R+ iECa

. 3 0‘,}:\&
0.0 Bl SULNT .-
4 5 6 7 8 9 10
tigpHE

3 ik Cd 5 3% pH A OGPE 0B sl

Fig.3 Correlation between Cd concentration of milled rice samples and pH of cultivated soils
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