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Classification methods for typical lead—contaminated rice production areas of the middle and lower Yangtze
River in China

CHENG Jing-liang"?, ZHAO Long”™, YANG Yan'", HOU Hong?, SUN Zai—jin’>, MA Jin®

(1.School of Environmental & Safety Engineering, Changzhou University, Changzhou 213000, China; 2.State Key Laboratory of Environ-
mental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: We selected the middle and lower reaches of the Yangtze River basin, a typical rice—producing area in China, as the research ob-
ject. We considered the effects of rice varieties and soil physico—chemical properties, and we investigated the techniques for classifying
rice—producing areas as “suitable yield” “restricted yield” and “forbidden yield” using the species sensitivity distribution (SSD) method.
This decision was based upon the collection of collaborative survey data regarding lead contamination of 20 rice varieties and the corre-
sponding soil. Furthermore, the soil lead content threshold for the three classification areas was derived to protect different proportions of
rice variety. The results show that the soil pH of this typical rice—producing area negatively correlated to the lead enrichment coefficient of
rice. The correlation coefficient was —0.46 (P<0.05). The soil organic carbon was positively correlated to the lead enrichment coefficient of
rice, and the correlation coefficient was 0.91(P<0.01). The regression model, derived from pH and soil organic carbon variables, can ex-
plain the 83.20% variation of rice enrichment factors. The sequence of rice variety sensitivity distribution in the four typical scenarios was
consistent. The soil lead content in the middle and lower reaches of the Yangtze River basin was less than or equal to 14.81 mg-kg™, 14.81~

185.24 mg-kg™" and greater than or equal to 185.24 mg-kg™'. Generally, this classification method shows good rationality, universality, and
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operability. Furthermore, it can be extended to the classification of rice—producing areas nationwide. It also provides important technical

support opportunities for the risk management of agricultural land in China.

Keywords: classification of rice production area; lead; enrichment coefficient; species sensitivity distribution
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Table 1 Typical situation of soil in the middle and lower reaches

of the Yangtze River
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Table 2 Correlation analysis of lead bio—concentration factor

between rice and soil physical and chemical properties

pH SOC CEC
BCF -0.46* 0.91%%* 0.25
P=0.04 P<0.01 P=0.36

AR 0.01 - CBUI)_EAR 2 35 ARG, #4 0.05 K- CRU) 1= &
AR

Note : #* significantly correlated at the 0.01 level (bilateral ) ,
* significantly correlated at the 0.05 level (bilateral ).
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Table 3 Lead enrichment data of different rice cultivars
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Table 4 Enrichment data of 20 rice cultivars after normalization

under four typical soil conditions

KRR ity o BCF/%

Rice cultivar 1 2 3 4
ML 5814 0.12 0.14 0.15 0.14
T 618 0.31 0.37 0.39 0.36
TRk 66 0.22 0.25 0.27 0.20
FIHoY 0.08 0.09 0.09 0.09
Q65 0.34 0.40 0.42 0.39
k416 0.27 0.31 0.33 0.30
Wifh 527 0.23 0.28 0.29 0.27
H28159113 0.15 0.18 0.19 0.17
BRI 3.24 3.76 3.98 3.70
HiAE 5171 2.50 2.90 3.06 2.84
757K 63 1.72 1.99 2.10 1.96
Wl 12 5 0.40 0.47 0.50 0.46
616 0.43 0.50 0.53 0.49
IiKE 9707 0.32 0.38 0.40 0.37
=25 0.56 0.65 0.69 0.64
1006 0.85 0.99 1.04 0.97
HHAlAE 9311 1.00 1.16 1.23 1.14
K1 818 1.38 1.61 1.70 1.58
k45 1.12 1.30 1.38 1.28
WAL 0.41 0.48 0.51 0.46

T RP1.2.3 47N R 2 o AR L3l R
Note: “1, 2, 3, 4” in Table 4 correspond to the four typical soil
scenarios in Table 2. The same below.
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Figure 1 Sensitivity distribution curves of rice cultivars under four typical conditions in the middle and lower reaches of the Yangize River
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R A IE 5 A, K2 DX 3R Ry KRB AR 7 X, i el
Fh HA AN 5} & 46 5543 J8 Ph (048 m500 B A 4y
IAFLEE

H FIROKFE L BR P AR DA A bR A ]
TR S B B LK, R B 80% 1Y X 4 AT K1)y
B KRR DX T4y 20% 1 1 DK 25 1 3 b K R A
P R G BB AR A KR 7 DX R 4 PR SR

=5 BETF Log-logistic Il & M ZR RIP A G L Gk FE @B Ay
TPy EREE
Table 5 Lead ecological threshold value of soil for protecting rice

cultivars with different proportions based on Log—logistic fitting

1 2 3 4

p BCF/  HCy BCF/  HCy/ BCF/  HCY BCF/  HCy/
% mg-kg' % mg-kg' % mgeke! % mgokg!

20 120 1672 1.39 1442 147 13.65 137 14.62
50 044 4556 051 39.06 054 3697 050 39.76
95 0.10 208.33 0.11 180.18 0.12 17094 0.11 183.49

2 "P=20.50.95" 7 HICLAELR I 80% . 50% . 5% K R i Fb )
ek Ph oL

Note: “P=20, 50, 90" indicate lead content in soils that can protect
80% ,50% ,and 10% of rice cultivars, respectively.

(9 o ARRFATTREXT I SSD 3230 73 Pb 15 G IX K 7™
X G BRPE AT SR A BIRIESE , FFAESRAE BRER ] &
FH R UL % 5 ) B WAL

3 #ig

(1) i 7K A8 Ph & 48 R A L IE LR 52 (7]
f 1 43 A 22 B, + 4 pH 5K A8 Pb & 4 & a2
FH I, SOC 57K A% Phb & 42 2 0n) 52 1E A1 ¢, W] s
F1 pH F1 SOC 1 A~ 7% t5 HE 37 9 [m] U 45 80 W] D gk g 7K
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i s 46 A %083.20% A2 5 o A —fbad B2 ml LAAE—
FEFERE IHBR AL KA S A R
Ph 5210 .

(2)4 Fofr HL TR A5 S5 A 3 v (9 ZKORS St o ek o3 A
MR He A — 3, Hodr H28 1 9113 IR I 5814 =
95 XF Pb BANBUR , N 5y & 4L P, Mz K 7 45 A
5171 F155 7K 63 %F Pb (& S RE J1 4008, BN U

(3) 25301 % 78 20 Aii (Logistic ) 1R L4 &5 SR %
WY, ZE RV R R X, Y - b Pb i <14.81
mg - kg™ B R X KA B X5 14.81 < A4
Pb 1% £ <40.22 mg - kg F140.22 < - Ph % HE <
185.24 mg- kg B, B2 X I3 S K R B 7= X5 i 24 1
3 rh P 7 i >185.24 mg - kg I, % X 8 K] Sy K R
K
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