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Cd accumulation and human health risk assessment of rice in high background
areas of heavy metals: A case study of Nagu Town, Huize County, Yunnan
Province

LIU Caize', CHEN Minhua', LEI Fenghua', HUANG Yong', WANG Xuelian’, WANG Jun’,
DENG Guoshi', ZHANG Yue’

(1. Chengdu Center, China Geological Survey (Geosciences Innovation Center of Southwest China), Chengdu 610218, China; 2.
Chengdu Mineral Resources Supervision and Testing Center, Ministry of Natural Resources, Chengdu 610081, China; 3. College
of Environmental & Resource Sciences of Zhejiang University, Hangzhou 310058, China)

Abstract: A study comparing cadmium (Cd) accumulation in soil and rice in an area of high background heavy metal concentrations
in Huize County, Yunnan, showed that, occasionally, the cadmium content in soil exceeds the standard, whereas the cadmium content

in crops remains within the standard. However, our understanding of the reasons for this phenomenon is limited. It is of great
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significance for soil environmental quality evaluation and ecological restoration to study cadmium accumulation in crops and its
control factors in these areas. In this study, 41 rice seed samples and 41 corresponding soil samples were collected from the
Nagubazi, Nagu Town, Huize County, Yunnan Province, and their cadmium content was determined by ICP-MS. The correlation
between rice cadmium and soil elements (indices) was analyzed by partial correlation, R-type clustering, and stepwise linear
regression. The results showed that the soil cadmium content ranged from 0.467 to 1.87 mg/kg, with an average of 0.78 mg/kg, which
is 5.69 times that of the national soil background value. Moreover, 58.5% of the soil samples exceeded the soil pollution risk
threshold for agricultural land. In contrast, the cadmium content of rice (brown rice) ranged from 0.007 to 0.062 mg/kg, with an
average of 0.016 mg/kg, which is lower than the national threshold for food safety.The content of cadmium in rice was significantly
positively correlated with the content of U and Mo , and significantly negatively correlated with soil organic carbon (TOC) and the
content of S in soil, but not significantly correlated with soil cadmium content and pH value. The phenomenon that soil cadmium
exceeds the standard but rice cadmium does not exceed the standard may be related to the enrichment of organic matter in the soil.
The content of soil TOC is 5.57 times that of the national background value. When TOC is greater than 3%, cadmium content in rice
decreases rapidly. Therefore, the organic matter correction method for soil cadmium environmental grade evaluation was proposed,
and the 3.42 km’ (5129 Mu) of paddy field originally classified as Class Il in the study area was revised to Class [ . In addition,

some suggestions on soil protection and remediation were put forward.

Key words: cadmium; soil-rice system; soil organic carbon; high background of heavy metals; Huize, Yunnan
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Fig. 1 Tectonic map (a), geological and mineral map (b), soil type map (c) and sampling location map (d) of the study area
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0.467 ~ 1.87 mg/kg, "N 0.78 mg/kg, HAEN
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Table 1 Analysis items, methods and detection limits of the rice and soil

FE i 28 53 BT $i A R ANAYE LIRS AL K H B
K F i Cd LB F B (ICP-MS) mg/kg 0.002
= Cd EB TR (ICP-MS) mg/kg 0.02

R Ag R4 (ES) mg/kg 0.02

i) Pb XHF 458 6 6 i % (XRF) mg/kg 2

Hh u EB TR (ICP-MS) mg/kg 0.05

H Mo LW TR (ICP-MS) mg/kg 0.1

A HLK TOC HEE R A Rk % 0.05

T £ TC 5 A AL B AT % 0.1

A N TR Wl € 2 'V mg/kg 15

B S KB mg/kg 20

E Cl Xt 28 % M i ik (XRF) mg/kg 15

R Br X 2 %2 6 6 5 (XRF) mg/kg 0.8

fill I AL (coL) mg/kg 0.3

ZHMN B ALO; Xt 2 %2 6 ik (XRF) % 0.01

T8 Tk % pH

pHiT )% (ISE)
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Table 2 Statistical parameters of soil geochemistry in the study area
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i cd mgkg  0.467~1.87 0.78 0.71 0.30 0.42 0.137 5.69
R Ag mgkg  0.057~0.457 0.12 0.10 0.08 0.80 0.077 1.56
# Pb mg/kg 18.9~298 57.5 37.6 54.9 1.46 22 2.62
B Zn mg/kg 72.7~441 166 146 72.49 0.50 66 252
A U mg/kg 1.59~4.53 2.88 2.69 0.62 0.23 25 1.15
£ Mo mgkg  0.434~2.13 1.10 1.05 0.34 0.32 0.7 1.57
=HALZE ALO, % 8.04~17.75 13.9 13.9 1.72 0.12 11.9 1.17
it I mg/kg 0.79~2.83 1.48 1.39 0.45 0.33 1.1 135
EERIR I TOC % 1.95~6.18 3.34 3.08 0.95 0.31 0.6 5.57
4 B TC % 2.66~11.33 453 4.07 1.76 0.43 13 3.48
A N mgkg  1902~6 567 3393 3219 960 0.30 707 4.80
i S mg/kg 317~2 464 669 653 336 0.51 245 273
A Cl mg/kg 62~154 90.5 82.9 25.2 0.30 78 1.16
R Br mg/kg 1.86~5.27 3.61 3.47 0.95 0.27 22 1.64
i i pH 5.84~8.13 7.26 7.44 0.68 0.09 8 0.91
e A E Y S E BRI F Rk (2016) .
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Fig. 2 Contour maps of cadmium (a) and TOC (b) in soil of the study area
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Table 3 Statistical parameters of rice cadmium in the study area (content unit: mg/kg)

JKFE Cd + 1% Cd _ .
FE i # — : — — 3 JKFE Cd /43 Cd
" SEMEGE  FHE hE Rz BRaK PHME : =
41 0.007~0.062 0.016 0.013 0.012 0.75 0.78 0.21

*4 HREKEBRSESIIRTE (B BX. REXRK

Table 4 Correlation and partial correlation coefficients between rice cadmium and soil elements (indices) in the study area
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5 B Mo Ag Pb Zn ALO, Cd pH I N S TC Cl Br TOC
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Table S Stepwise linear regression process and parameters
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2 Uy, 0.164 0.041 0.480 3.946 <0.001
1S —0.549 0.158 —0.422 —3.466 0.001
i 0.472 0.578 0.817 0.419
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X Jak 7 VE 98 A5 225 SR W (R A 4%, 2021°%;
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44 0.035. 0.074, 0.006, 0.007 mg/kg, A
P e Ak A AR N GE A 2R (75.72 g/d) L B R
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5 RS FR A R AIR A K
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Wrifi AR 58.7%; 1 257K M 6.41 km*(9 622 B ), /5
PR AR AY 41.3%(5] 5a) .

HRAE T SC, 24 LA HLAK (TOC) &% 12 > 3% H,
K B TG ARG, T 40 e - R AR A A g
THBIE . 48R PR & 5 > 3% I, BIEmIREE
GG ) FAEIE — D%, M R ALK S
< 3% B, RIS FE R AR A
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(a)

N

(b)

N

El5 MRRIBBIFEFRE (a. f2ERFT; b BER)

Fig. 5 Soil cadmium environmental grade maps of the study area (a. before correction; b. after correction)
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Table 6 Correction method of soil cadmium environmental grade

BEAf  BENSH  BERSZ  LRGAAR TR RN

o " ; . LI . RS, W
" 1 : i B BT 2 G

(T P SRPURE O HINACR I A BLIES B R, DL
i / : % FALHA B, O A 2

457K M 5.69 km® (8 533 H ), (G iFM I FRAY 36.6%.
3.42 km*(5129 77 ) /K M b ORI T 255 1R T 45

(K 5b) o BRAE AT 2o it P A AT, SERs ATk 1,

TR AT BILAR 5 AN I, 9 SR A i 5 3

A PLaR & B A%, TS B E PTG G RS
J:A}I»O
5 £51p

(DWFFE X 35 DA i o A BLBR Ry 32 R 05
B A HLIRT- 34 F i 43 51 h 0.78 mg/kg 1 3.34%,
S A I SEI 5.69 Fl5.57 4.
(2) A= 2523800 WA 45 1 R, KRR P &
4 0.016 mg/kg, BT A A S AR T8 2 e ffE PR
B, AT 38 S AR ST X,
(3) 4t - S 0 PRI S5 G A AL 8 1E vk
2 4 A LK > 3% B, T ORI R S N 8
— NSRS FSEIX 3.42 km(5129 BT ) K H 1T
FBIEN T %,
(4) BF AR S e T 98 XK R & i 5 3

TR G R Z@%ﬁﬁ%%omMﬁﬁi S, B
SRS TR 7 3 7 A R < o o S Xk A g —
A BIE
ORBLHT, B %, 57, 2019, i E BT 51X 1125 5 L

HUERAL 2 A 0 H SRR [R]. R o B SR B Rk Yy B
HuERAL 2 B AL BT FTT.

@A P, T, B, 55, 2021, 5 5 (AR AL X SR X B 4t i
MR 27 U 2 R AR (R]. A o 3t 5T A R AR A 5T A i e
L.

@t =, AT, #7W, 55, 2017. = 5 5 LAR Rl IX 5 & R
PRI [R). B9 = TR & .
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