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Pollution and Vertical Distribution of Pb, Cd, Cu & Zn in Paddy Soils in Yixing

LIU Wei—xing, ZONG Liang—gang, XIAO Jun, SHEN Li-ping, JIANG Pei

(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The contents of Ph, Cd, Cu and Zn in different layers of paddy soil(0~20, 20~40, 40~60 & 60~80 cm ) and in brown rice from 34
sampling sites in Yixing were measured and then assessed by the single pollution index and Nemerow pollution index. Four elements’ distri—
bution in soil profiles and accumulation in brown rice were also analyzed. Results showed that none of the four elements reached pollution lev—
el in the surface soil, and the Nemerow pollution index indicated that the paddy soils in Yixing were clean(safe ). The four metals in the
brown rice were all below the standard and their assessment showed that the brown rice in Yixing was clean(safe) too. The distribution of
Pb and Cd in the soil profiles showed the surface layer accumulation, which was caused by anthropogenic activities. Both Cu and Zn distribut—
ed uniformly in the four layers. The contents of these two elements in surface soil were slightly higher, which was mainly related to human fac—
tors. Their contents in 20~40 and 40~60 cm were slightly lower; maybe a result of the uptake by rice. Due to the effect of parent material, Cu
and Zn were slightly higher in 60~80 ¢m than other layers. The bioconcentration factors of the four metals differed significantly and were in the
following order:Zn(0.282)>Cd(0.234)>Cu(0.198)>Ph(0.014). There were highly significant correlations between the contents of Pb, Cd, Cu
and Zn in brown rice and in surface paddy soils, and the coefficients of correlation(r) were 0.905, 0.925, 0.939 and 0.957, respectively. The
correlation between the Cd content and the ratio of Cd/Zn in brown rice was also highly significant(r=0.837). The ratio of Cd/Zn in brown rice
was 0.002, which was far lower than the critical value of 0.015.

Keywords: heavy metals; pollution assessment; vertical distribution; food safety
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Figure 1 Sampling sites of heavy metals pollution research

in paddy soil of Yixing
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Table 1 Contents and assessment results of heavy metals in surface paddy soil

FHfE/mg kg bR /mg kg IIME/mg-kg!  IRK{E/mg kg CVI% Pi 15 YLK Py 1Yk
Pb 24.50 12.10 12.57 81.21 49.40 0.31 FSELS
Cd 0.14 0.08 0.07 0.47 52.03 0.48 RiG e
T 050 E(4)
Cu 2747 6.19 18.60 5241 2252 0.55 ESEES
Zn 81.42 58.63 46.23 347.37 72.00 0.41 FRELS
TE B X OKAE 1 3RJ2F 1 pH O 6.06;3n FRHEAKL, T,
Note: The pH of surface paddy soil in Yixing is 6.06; n stands for the number of sample.The same below.
R2 ERPESGESERITNER(n=34)
Table 2 Contents and assessment results of heavy metals in brown rice
FHfE/mg kg bR /mgekg  IIME/mg-kg!  IK{E/mg kg CVI% Pi’ 15 YIKF Py T YK
Pb 0.34 0.12 0.20 0.87 35.37 0.84 RS
Cd 0.03 0.02 0.01 0.09 50.95 0.17 RS
T 069 E(4)
Cu 5.46 1.35 3.11 10.53 24.66 0.55 PGS
Zn 22.76 16.55 11.53 98.33 72.71 0.46 PSEES
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xR3 KBEITELEECREENH(n=34)

Table 3 Contents of heavy metals in different layers of paddy soil

g REERTEES P RREZR/ ROME RK(E CVI
TE ke meke! mecke! me-ke! 9
cm mg-kg mg-kg mg-kg mg-kg %o

Pb 0~20 2450 b 12.10 12.57 81.21 49.40
20~40 18.82 a 10.54 9.90 66.80 56.01
40~60 16.17 a 9.84 4.50 51.83 60.83
60~80 15.74 a 10.73 2.75 62.05 68.14
Cu 0~20 2747 a 6.19 18.60 52.41 22.52
20~40 2553 a 5.70 15.35 43.74 22.33
40~60 2545 a 7.15 14.85 45.82 28.09
60~80 27.75 a 12.14 14.37 74.23 43.76
Cd 0~20 0.14 b 0.08 0.07 0.47 52.03
20~40 0.08 a 0.04 0.02 0.24 45.74
40~60 0.08 a 0.05 0.02 0.20 56.50
60~80 0.07 a 0.04 0.00 0.17 59.39
Zn 0~20 81.42a  58.63 46.23 347.37 72.00
20~40 7337a 6199 37.22 327.66 84.49
40~60 81.05a  82.04 32.68 391.15  101.22
60~80 82.69a 7772 41.06 367.94 93.99

I R PRSI NG FREIRTE P=0.05 /K B2 5 B35
Note: The different small letters in the same column show significant

differences at the level of 0.05.
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Pb (AR T AL, A BRI R B S TR)Z
AR BRI R O A T oY B AR L 2
B PR IXOKRE £ R)ZE Cd Sl 75
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B0 73.02 mg-kg ™™, + 1K 2 Zn 5 I
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() MRS, 7E 2 1 60~80 em Fi4 & H & =5, JiL PR )
AEBR Cu —FF, 13 Cu F1 Zn B9ZN 1A A FEAE IR 5
FHARL, AT BEER Cu.Zn AR ZRRMEAR IR C8, 3 55 8
PRI R — 3,

2.3 $&3K Pb .Cd.Cu #n Zn I ER

B 4 B 5 1) B AR R A 0 1 22
S(F4), Hrh Pb 195 5 2B, BRUKFE S 4R Pb
[RRE 1 A S Ph A 3 rb i 18 MR FL B 55 4 06 Zn
W EERBURR, — iRl Zn fE L5800 & i
R, SER R A E L Zn AR (K S), WL ER
Zn JEIK RIS L TG TR A G Rk Cd R 4R R
BRI BRBFSE X OBEK Cd/Zn (B4 SR A C (BRI,
FICAHT) s KFEXRT Cu 19 E FERE S Ab T EIKE 4
Fh e 4 Jd B A8 R BN 4S5 R BL(CV ) #R LR/,
ot B A A DX 3 S AT T A K A X AR Y
SRR T 5, Hoh BCF-Cu 728 S 240 (CV ) i
/N, BCF—Zn 78 53 280 (CV ) i K, X BROK G £ Cu I
Zn AR S R ECCV) 3 i 2 e/ N KA — 3
M 2~ 5 AT LIE H, BEK Ph Cd .Cu Fil Zn 7% 2 A1
KRG RZAHN TC R )2 BN R E I IEAH KR,
AR EL r 23914 0.905.0.925.0.939 F10.957,

R4 BRESCREERY

Table 4 Bioconcentration factors of heavy metals in brown rice

T pafEE mME RK(E V%
BCF-Pb  0.014a A  0.003 0.011 0.019 19.63
BCF-Cd 0234 c¢C 0041 0.169 0.298 17.57
BCF-Cu 0.198bB 0018 0.154 0.234 8.92
BCF-Zn 0282dD  0.070 0.193 0.422 2478

RSN R/ING FRERORTE P=0.05 KK 2R B

F IR G F R P0.01 AP L5 B,
Note: The different small letters in the same column show significant
differences at the level of 0.05;The different capital letters in the same col—

umn show significant differences at the level of 0.01.

TKAEAFRLH AR R0 4R N - e 4R A
FEN B EAOG , X 5 H A HE RV R, +
B AR i A SR TR R N, AR AR LI
th DR D SAETE , SRRk U, 8 pH BAIE,
R RGR P EYI E SRS R,
pH 8, F AR T PRSI e M W i 4
JE LR/, T4 B KRR 119 pH y 8.40, FoRE K
t Cd.Cu F1 Zn (45 42 25040 K 0.06+0.03 .0.09+
0.04 F1 0.15+0.101, L4 B4 (pH6.06 ) XJ I TCF [ 5 4
FEERGZ

10 42k, EFs BBOREE M Cd 5HAL TR
FEHLVEIT, Simmons SEHF5E45 R R, 78 Cd \Zn &
BTG YT K 2T KA FPRLAR B Cd i [
HEFF Zn WM™, (AR KRS AE R Zn B [R]IHIE 2 T
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Figure 2 Correlation of Pb in brown rice and surface soil
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