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Heavy metal pollution in paddy soil and rice grains from different pollution sources

CHEN Hong-yan, YUAN Xu-yin®, LI Tian—yuan, HU Sun, LIU Qing

(College of Environment, Hohai University, Nanjing 210098, China )

Abstract: Heavy metals from different sources may have various pollution degrees in soils and crops. In this study, we estimated bioavail-
ability of As, Cd, Cu, and Zn in paddy soils polluted by different pollution sources using three typical extractants and determined concentra—
tions of heavy metals in rice grains. We also established optimal empirical regression models to predict heavy metals in rice grains. It was
showed that HAc and EDTA extracted more heavy metals than CaCl, did. The bioavailability of soil heavy metals was closely related with
their origins and soil properties. The concentrations of extracted As and Cd were relatively higher in soils polluted with industrial wastewater
and sewage irrigation, while those of active Cu and Zn were higher in soils with tailing leaching. Based on the optimal empirical regression
models, the concentrations of Cd in rice grains were closely related to CaCl,—extractable Cd, while As and Cu in rice grains were predicted
well by EDTA —extractable As and Cu, respectively. However, the Zn concentrations in rice grains were poorly predicted. In sum, bioaccu—
mulation of heavy metals originated from sewage irrigation and tailing leaching is better predicted than those from other sources.

Keywords: heavy metal; paddy soil; rice grain; bioavailability; pollution source
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Figure 1 Distributions of sampling sites and different pollution sources
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Table 1 Scheme and extractants used in experiment

FREUR [ LY P ] E DTN
0.01 mol-L™" CaCl, 1:10 2h McLaughlin et al.""
0.43 mol - L™ HAc 1:40 16 h Rauret et al.l"”

Manouchehri et al.™

0.05 mol-L™" EDTA(pH 4.65)  1:10 2h

1.4 HELER

I AR IITE Excel 2010 EEZETF A0 DR 1,
K Origin8.5 X[ E#E 1 TEITE AL 3, SR ] SPSS19.0
PEA T HCHE AR S AN 22 TR [ 434 o

2 HEREWR

21 HEEAEAMER

e 2 AT, BRI X KRS e Pk
b AR R R 5 A2 B T K s, B
WFFE X - S RE S R 1 , HA MU & i i s 1T B
SRR 25 A (R R D A 7= i, % DX A 3R S R R R
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Table 2 Major physicochemical properties of soils in studied areas

HIX 5 YL pH OM/g kg™ Feox/g kg™ Alo/g kg™ MnO,/mg-kg™ CaO/mg-kg™
e SULRE 6.79+0.55 28.2+7.83 50.7+1.56 14622.51 7424211 11.520.86
i) Call gk 5.92+0.52 30.5+7.76 51.6+1.32 144+2.52 720+73.6 7.71+0.43
T 5 K HE 6.24+0.39 29.5+5.34 73.8+3.35 131£7.59 794+186 7.86+0.32
R oty -aicy 5.50+0.34 20.9+3.41 30.9+4.49 88.0+7.82 432+142 4.29+0.73
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Figure 2 Box plot of heavy metal concentrations in soils and rice grains from four areas

®3 AEERANEMEX HIESEREHRNE
Table 3 Extraction rates of heavy metals in soils from four regions

by different extractants( Mean+SD )

X BEG As/% Cd/% Cu/% Zn/%

W (n=15) CaCl, 0.08:0.04 4.00£3.85 0.30£0.08 0.27+0.23
HAc  1.220.19 53.26x11.47 6.88+1.25 3.96x1.15
EDTA 3.07+0.69 57.96+10.73 28.3322.25 6.80+2.19
M (n=15) CaCl, 0.08£0.02 8.55#3.52 0.2520.12 0.47+0.22
HAc  1.41:0.28 69.66+7.78 5.09£0.94 5.49+1.23
EDTA 5.70£1.27 71.35:6.82 3590324 7.64x1.57
T#(n=14) CaCl, 0.1020.03 10.04+3.88 0.18£0.03 0.71x0.34
HAc  1.04:025 60.33+6.19 6.74x120 5.75+1.47
EDTA 4.44:033 74.72+7.15 32.35x4.01 8.16x2.23
MAF(n=14) CaCl, 0.13+0.03 12.55+6.52 0.38+0.09 0.93+0.35
HAc  1.55:0.57 51.95+10.58 8.22+1.98 6.25+1.02
EDTA  3.59+1.07 49.04+9.26 41.5327.07 8.47+2.43
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Table 4 Correlations between extraction rates of heavy metals and soil properties

X S FRECR pH IR Fe,05 ALO; MnO, Ca0O

HE As,. -0.349 0.473 -0.147 -0.792%* 0.251 -0.176
Cd. -0.505 0.115 0.120 -0.341 -0.278 -0.327
Cuy, -0.428 0.618* 0.100 -0.610* -0.361 -0.110
Zn,, -0.421 0.804%* 0.050 0.099 -0.277 -0.298

bR As,, -0.078 0.103 -0.148 0.005 0.143 0.055
Cd,. -0.643* 0.359 -0.287 -0.217 0.182 -0.342
Cuy, -0.189 0.295 -0.394 0.264 -0.506 0.236
Zn,, -0.350 0.582%* -0.123 -0.292 -0.292 0.033

T %) ASy. -0.469 —-0.360 —0.780%%* -0.481 -0.503* —-0.438
Cd,. -0.381 -0.369 -0.291 —0.773%%* —0.688** -0.420
Cu, -0.024 -0.102 -0.139 -0.406 -0.500%* -0.349
In,, -0.022 -0.235 -0.254 -0.723%* -0.626* -0.269

AR As,. -0.765%* 0.091 -0.426 -0.296 -0.288 0.7547%%*
Cd,, -0.797** 0.345 0.275 0.341 0.390 0.571*
Cug, —0.741%* -0.250 0.268 -0.401 0.337 0.471
Zn,, -0.571%* 0.346 0.134 -0.217 0.186 0.143

WARBURICA S, AR T 4 75 XK RSS2
m Cd (8. ASCLL CaCl, HAc Fil EDTA i HEHL
SESESENEARES, R8T, EBRAHIMA
pH A HLET R E ) & 155 B3RS EO T35 Il
VA, G 36 H AR TR 75 Y Y5 b DX K Rk S 4% B 40 i & i
R (R 5).

FEETEHFIX, KRFFEH As Cu &t m] LA
EDTA ¥ 1R OGS As ¥ B2 AN - 84 LBk T 3l
[l )5 A A U R 8053 3 0.533 FlT 0.5145 4155 Cd
Fr AT ARYE CaCl, $2 A v BE LA K 38 pH B4 7l
W, FEYEE ZECR 0502 REWABF ST X FFSL H 4 o]
H 5 FER TRIPE AL, Horh HA EDTA S50 5 4R
TEXFESIH Cu As A —E R IYE . £ T &
WX, ] CaCl, $EHUHY Cd ¥ 3 1 3% MnO, AJ LA
AL UMK FEAFSE Cd & i, HRE A R An i 22 2 1
70.5% ; FHEDTA $2HUAY Cu ¥ B . 11 MnO, fI48 %A
A6 5 WA R OFF S Cu 5 1L, 7 R AT AR AR
H2E 51 0.805, TEHFIFFE X FFSE Cu Al Cd 5 & AT LA
FH CaCl, 1138 pH SEFFRCUF TN, 4755 Zn F1 As 19
TR 2=, SO R RRTE T IE D 5P Fe (Al Ca
UG AL T 2™, X T As . Cu Fl Zn i &, EDTA
PRI A o WO K e P 0 EE A SR R A, T
CaCl, $2 U T 4 J& 5 12 AR 05 200 T /K A b iy
Cdo MARIBFRHLIXRTE , T &R X A X
FFSE v e 4 T TN A, 2 W1 13 AR VAR U s i i A 1Y

RS BMERKBHXPESRESENSTLER BTN GRE
Table 5 Stepwise multiple linear regression equations for

predicting metal concentrations in rice grains

X TS g3 R P

Bt (n=15) As =0.081Asppn+0.0360M-0.027 0.533 <0.05
Cd 4=0.494Cd, -0.012pH+0.144 0.502 <0.05

Cu 4=0.132Cugpn+0.6310M-1.27 0.514 <0.05

Zn =1.717Znmpn—1.54pH+2.250M+1.64  0.264 <0.1

F9 (n=15) As 5=0.172Asppn—0.078 Alox+0.638 0.394 <0.1
Cd 4=1.87Cd,,, +0.033 0219 <0.1

Cu 4=0.770Cugn—7.38 0.435 <0.05

Zn j;=—2.08Znm+19.68 0.083 <0.1

T#(n=14) As 1=0.039Asmpn—0.043pH +0.483 0.599 <0.005
Cd 5=2.85Cd, ¢, ~0.009Mn0,+3.73 0.705 <0.005

Cu y=1.77Cugpr—0.047Mn0,-0.328 Alox+1096  0.805 <0.005

P (n=14) As =0.867Ca0-0.131 0.410 <0.05
Cd =1.99Cd,,, ~0.08pH+0.458 0.728 <0.005

Cu 5=2.25Cuy+0.262 0.809 <0.005

Zn =7.19Zn,., -0.362pH+16.88 0.338 <0.05

T4 B R AR B W WAL i A Ry
3 it

AN 7 A Y58 ) 4 s e SO/ AR b v 4 e ) T
FREAE 22 57 3 TV KRS K RE IR I ) -3 vh
<5 ) A 5 AN TR AR BRI Xk T e A 4R M
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