2018,37(1):18-26 Ko RO R ¢ 2 4R 2018 4E 1 A

Journal of Agro-Environment Science

RS, BUE, TR, MBS SR I Lok RE X 3 4 11 & AR B R 0T, ARl FREERL 272541, 2018, 37(1): 18-26.
TANG Dou-dou, YUAN Xu-yin, WANG Yi-min, et al. Enrichment characteristics and risk prediction of heavy metals for rice grains growing in paddy soils
with a high geological background[J]. Journal of Agro—Environment Science, 2018, 37(1):18-26.

WEeEEXKETERKENESERERN
T 5 HFE 52 XU B T

B!, gaE T, ERM, Bk XTI BT R
(LI IRHEA B, B 210098 2.0 SR HBR R 5 TRE B, It 210023)

W BN T U ST SR AR AT RAE , X6 AN [ i X ATV G0 e 58 b DR 7 Hh a5 7 L X)) - SRR R -5 v
As.Cd .Pb Ni Cu Fl Zn (35 54T T 0007, AR ESBITIHEERE R LA FEEMEAER, U LERESBRAEEESR
(EDTA $2ICGE ) A8 &, gy A IF R KOKFE F L h E 48 O ARSI T 5 R . SRR W] AEWTIHF R IX L3 Cd i As
PR, ) YIRS X 14 Pb As F Cd bR E (B MOKFE TR E 4R S E AR, A Cd IR X iR, AR X E
& IB TR AL KRG AW E SRR F AR, B BART A5 Yty F s A DG M A D Fn LR RN R B, HIEA SCS E 4R pH A AL
JEA CaO JEFZM KR TS0 8 & & M FER T

SRR TR 5 3 KRR 5 JRURS: T 5 b J5 s A

FE 4K S :S511 XEARER A XEHES:1672-2043(2018)01-0018-26  doi:10.11654/jaes.2017-0801

Enrichment characteristics and risk prediction of heavy metals for rice grains growing in paddy soils with a
high geological background

TANG Dou-dou', YUAN Xu-yin", WANG Yi-min!, JI Jun—feng®, WEN Yu-bo?, ZHAO Wan—fu®

(1.College of Environment, Hohai University, Nanjing 210098, China; 2.School of Earth Science and Engineering, Nanjing University, Nan—
jing 210023, China)

Abstract: In this study, we determined the concentrations of As, Cd, Pb, Ni, Cu and Zn in paddy soils and rice grains from two study areas
(Zhejiang and Guangxi) and analyzed the bioaccumulation factors and influencing factors in the soil-rice system. The optimal empirical e~
quations to predict heavy metals in rice grains were established, which include available heavy metals (EDTA —extractive content ) and the
physicochemical parameters of soils. The results showed that the main excessive elements in soils were Cd and As in Zhejiang, whereas Pb,
As and Cd concentrations in soils markedly exceeded the background values in Guangxi. However, only the Cd contents in rice grains from
Zhejiang were greater than the national standard level. The bioaccumulation factors of heavy metals in rice grains were fairly low, and were
significantly different from those of farmlands contaminated by anthropogenic sources. Correlation analysis and the regression prediction e—
quation showed that available heavy metals, along with the pH, organic matters, and CaO values in soils were the key factors affecting the
bioaccumulation of heavy metals in rice grains of the study areas.
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Figure 1 Sketch map of the two studied areas
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Table 1 Major physicochemical properties of soils from studied areas
Al =L = 1 (V4 4
HHEILZE/10* mg-k
HFRIX pH OM/mg-g™ CEC/cmol -kg™ - " Be
AlO, FeO, CaO MnO,
WivTL.(n=80) 5.84+0.56b 21.8+5.92b 11.9+3.38b 12.5+1.20b 4.39+0.94a 0.66+0.42b 0.06+0.03b
I (n=90) 7.65+0.72a 38.0+2.41a 29.5+4.98a 20.0+191a 4.59+1.19a 2.03+1.33a 0.18+0.11a

1 ISR NG FBERR 25 57 3 (P<0.05)

Note: Different lowercase letters indicate significant differences(P<0.05
i 7K AR AR 0 < s IR AR o 2R R o
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e MRHE VL VR T e g G S s
HEPRARDL o 45 R ZEWT VLA 5T X Y 80 4k H 135
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B Ph oh, HoAb T R A AR R ik 80% LA b5 )
WFFEIX AR H -3 5 5 8 B AR UUF 4 Pb> Cu>Cd>
Zn>As>Ni, 6 FPOTR AR R RTERT 75%. 10K
SEWI R R R Y, WA BB 53 i IX 1% Sn As Hg
M Cd JTLRM TR E RS S . AU EERY,
XS X 285 e A G 5 1 e T X
PR S5 i, o R ) 5 v XL (H ph T R
B KM 1 067 B S5 AN R] Wi VLA 5 3 XA ) PE 4F
FHX & ERITCRHAGA A
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Table 2 Heavy metal concentrations in soils from studied areas

—— EAR féﬁjgg-}g" _ 1,.{.4;3@%{1{5461/ - ErRARIL — EDTA %E}%/
M bR A5 5 AR mg-kg WERRI% VYRR meks
WiIT.(n=80) As 20.6 19.0 0.93 6.88 88.8 2.99 0.10£0.02b
Cd 0.96 1.49 1.55 0.17 100 5.66 0.21+1.0%
Pbh 423 41.6 0.98 357 48.8 1.18 15.2+18.6a
Ni 30.3 7.59 0.25 239 80.0 127 439+2.43a
Cu 372 115 031 22.6 98.8 1.65 17.6+23.2a
Zn 124 452 036 83.1 93.8 1.50 19.5:9.41a
P (n=90) As 614 428 0.70 20.5 78.9 2.99 2.82+1.66a
Cd 0.80 0.71 0.89 0.27 822 2.97 0.15£0.67b
Ph 776 542 0.70 24.0 98.9 3.23 10.9+5.63b
Ni 51.6 30.6 0.59 26.6 76.7 1.94 1.20+0.84a
Cu 423 17.5 041 27.8 91.1 1.52 8.17+8.05b
Zn 177 132 0.75 75.6 80.0 234 2.64+1.54b

T il —TCR /NG TR R R BT IE X 2 18] 22 53 8 % (P<0.05) o FIlo

Note: Different lowercase letters in the same elements indicate significant differences between the two studied areas. The same below.
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Figure 2 Bioaccumulation factors of heavy metals in rice grains of

studied areas
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Table 3 Limited concentrations of the six elements in rice grains and heavy metal concentrations in rice grains from studied areas(mg-kg™)

HER As Cd Pb Ni Cu Zn
PR <07 <02 <02 <1.0 <10 <50
WL 0.06+0.03b 0.34+0.47a 0.07+0.04a 0.25+0.14a 3.09+0.72a 16.3+2.99a
i} 0.23+0.07a 0.07+0.08b 0.04+0.02b 0.29+0.24a 3.05+1.00a 23.7%3.19a

T PRk [ AR A RN i 2 4 [ AR E(GB 2762—2012) i /K R s i 4 Ja B (9 A o
Note: The limited values refer to the thresholds for heavy metals in grains of "the national food safety standard"(GB 2762—2012).



JEELEL, 4 T T SR T R X T ) SR AR 23

A AR I AT BE S i X LS P AL A LR
BHEE R T, R PSR A . AT ARIBFTE R
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A BT A R B AT TR (U Ca Fe 1 Zn ) RERS 11
FVEARAEYIXT Cd AW SCE S T 247 5 ke = X 4
A FUESROLR I, Cd T HA 5 Z AR KGR
YT, 2l Ca S0 IR LR N EAE A
B E Bt A AR,
24 KFEFLEGRSESTEURNANTES
BrfExXE

R SHMIE TR KK L ES R T RS
TIEPAS AN RS E SRR I 4R
B, A A HUX 552 As BT PEIFE DXOK AR 152 Zn
it g A pH SR HI S IEADCE SAR R (P<0.01),
[N, o AT LT X 552 Ph 5 L4 OM 7E P<0.05
K FRBLU BRI OC ., BARA WIS L8 pH AN
OM 2 4 J A= A A5 E Y F2 25 mig DR 04, Lt AR
N[ SR RS PR ) B 4 e A 25 5, LTS S T B

RS RESRAENEEGR, S 1 pH KT IE
P R e A R A 5 BT R0 A A LT REAS PR
il 4 & 1 7 LA (HAE KR AR K AR R 2
Oy A HLIR , A EAR 2R RSO EE < SR, IR 3
L BOE s G ARG R LR AL R IR
NGR4T L AR 23, Xl 4 e 81 W [T 5 £
F L B B TR A% X1 SE R 4 R SRR 1
AIAHSGOG A s TEHLS R 1 st sl b R S0 i 2
B HINEE A v L e T DI A — 4
BRIRERE ), ST b 5% L 25 G B R A ST,
M S Wrl LA, PSS XOK RS TS0 B R 5 i
5 A RCEE SR R ARG, R L A
HESE GRS TR E SR E A S ; (HHT
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Table 4 Bioaccumulation factors of heavy metals in studied area soils from different pollution sources

V5 LR BAF,, BAF, BAFy, BAFy BAF, BAFy, S ik
NG 0.245 0.009 0.175 0.250 Chen &1
NN 3l 0.36 0.042 [ B A
N A5 0.04 032 0.13 0.02 0.09 0.33 EoC s
HUBTH 5 0.002 0.357 0.007 0.005 0.083 0.132 WITTHIIE X
Y 0.004 0.083 0.001 0.008 0.071 0.131 ST IX

RS KBEFLESRESES I BEUHRMANSESRNEXREY
Table 5 Correlations coefficients of heavy metal concentrations in rice grains with various soil properties and
bioavailable fractions of heavy metal
WF5EIX TEEEE pH oM CEC AlO, FeO, Ca0 MnO,  HHESEEE
WiiT.(n=80) As 0.537%* -0.205 -0.449%* -0.206 -0.360 -0.202 -0.209 0.458*
Cd -0.232 0.398 0.253 -0.201 -0.328 -0.385 -0.390 0.495%*
Pb -0.331 -0.449* 0.301 -0.372 -0.305 -0.257 -0.248 0.465*
Ni -0.294 0.319 -0.228 -0.253 -0.340 -0.342 -0.240 0.470*
Cu -0.352 0.278 0.267 -0.291 -0.231 -0.290 -0.212 0.508%**
Zn -0.221 -0.314 -0.222 -0.263 -0.250 -0.256 -0.214 0.388
] HE (r=90) As 0.490%* 0.382 -0.204 -0.236 -0.340 -0.231 -0.213 0.409
Cd -0.352 -0.319 -0.375 -0.262 -0.380 —0.487%* -0.232 0.450*
Pb -0.379 -0.300 -0.418%* -0.259 -0.258 -0.303 -0.232 0.435%*
Ni -0.205 -0.332 0.215 -0.204 -0.292 -0.367 -0.442% 0.330
Cu -0.298 -0.340 -0.203 -0.273 -0.268 -0.513%* -0.273 0.434*
Zn -0.476%* 0.247 0.201 -0.268 -0.319 -0.333 -0.246 0.411

T % RUITE 0.05 KT COUMAGEE) b B AEE ; * RBITE 0.01 7K OO S ) A G

Note: Single asterisk indicates a significant correlation at 0.05 level (two—sided test ) ; Double asterisk indicates a significant correlation at 0.01 level (two—

sided test ).
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