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ABSTRACT: Objective To analyze the multi-elements characteristics of agricultural products of high geological
background areas in Guizhou Province, and explore the content characteristics and exposure risks of agricultural
products. Methods The 231 samples (83 for rice, 133 for corn, and 15 for potato) were collected in the high
geological background areas of Guizhou Province, and the content of cadmium (Cd), copper (Cu), zinc (Zn),
selenium (Se) and fluorine (F) were determined by inductively coupled plasma mass spectrometry and fluoride ion
selective electrode, respectively. The correlation and spatial distribution characteristics of the results were analyzed,
and dietary exposure risk assessment was carried out. Results According to GB 2762—2017 National standard for
food safety-Limit of pollutants in food, the over-standard rate of element Cd in rice, corn and potato samples was
28.916%, 25.564% and 26.667%, respectively. The content of element F in corn was up to 4.717 mg/kg. The results
of the correlation analysis among elements showed as followed: There was a significant positive correlation between
Cd and Zn in potato (P<0.05). In rice, there was a significant negative correlation between Se and Zn (P<0.05), a
highly significant negative correlation between Se and Cd (P<0.01), a highly significant positive correlation between
Cd and Cu, Zn, and F (P<0.01), and a significant positively correlated between Zn and Cu (P<0.05). Moreover, F was
significant negatively correlated with Cd in corn (P<0.05). Besides, Zn, Cd and Cu, F and Zn were highly significant
positive correlation in corn (P<0.01). The F content was high in the west and low in the east, while the content of Cd
was low in the west and high in the east in maize. Meanwhile, The regions with higher Se content had relatively
lower Cd content, the northwestern region had higher Se content, and the central and eastern regions had higher Cd
content in rice. Dietary exposure risk assessment showed that rice and corn were at risk of Cd exposure. Conclusion
The risk of Cd and F pollution of agricultural products planted in the karst high geological background area of
Guizhou Province is prominent. The interaction of elements in agricultural products affects the absorption of
elements, and the consumption of corn and rice planted in this area has a potential risk of Cd exposure. This study can
provide a reference for the quality and safety of agricultural products and reasonable crop planting planning in
Guizhou Province.
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Fig.l Distribution map of study area and sample points
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Table 1 Food sanitation standard limit of elements in
agricultural products
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Kk 4.717 mg/kg, SRIHIEE F hiph XA+ F
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(K 2), D%  Cd 5 Zn Z[E 2 8 IEMH X (P<0.05), KX
Krf Cd 5 Zn Z A2 R IEAH X (P<0.01), ULEH Zn 1
Cd 7E B8 A IOK AR B AVEFAC R . Zn REEHE Cd
KRN 52, OsZIPS . OsZIP9 2~ h i E & iy At
KA Zn Fiz® A, YRS Cd F Zn AR, [H]
i}, TAKAHASHI 25351 YAMAI Z55340A Jy 5 42 /@ ATP il
FEH OsHMA2 J8¥ Cd Fil Zn iz, (E0E THFRL Cd &=
. A Zn 5 Cd LERIPI IR NAUEAEMRIVEA, [R1E
WAFAEAEYUEF . ZHEN S5 DREO WMt Zn T8 5T
AALRGE . W5k Cd 7EM A diffe ik B 24 . Il Cd 72K

Fei v B e iz SRk D e RE AR Cd LR KR T Zn 5
Cd Z MM IR AR Cd. Zn WEARL . Y5
Fh2ESE . BURERA . MR SERER, 8 Cd 5 Zn M E
VEHI BT 45 R 22 AR KD, Kok Se 5 Zn Z A &t i
A (P<0.05), Se 5 Cd M 3 61 A (P<0.01), Se X
AR - HE T 4 IR I A A Rk, FEPURK EAE Zn 5 Cd
AR BT, RIS 4 R [RIHBE Zn ., Se AbFE, Se B
B Cd MR R FH iz B2, Jokd Cu 5 zn &
3 IEASE(P<0.05), Cu 5 Cd MR IEH2E(P<0.01),
FoKkH Cu § Zn, Cd HEMEE EAE(P<0.01), EHK
KATEKH Cug Zn, Cd #EIK . KM AT gE R B A
A, Kok, EkH Cu aTREIEHE Zn, Cd Rk, X5
150 55 AR 25 B8R Bt NP1 26 - = HOR B IX 4 45 4 8 B Ok
Se. Mo. Zn i M fet B XU PEAN B 95 45 S & B A R oK Hp
Cu 5 Zn [AIAHEME B —5, SRS NGB s MIE 1K
K Zn 5 Cu R IEAHSCSE R —5, H LIU s R Rk
W fEkiz Cd 55 Cu., Zn BERIUCNPMEMEH. Tk F
5 Zn BB EIFMFP<0.01), T EXBIL Zn 5 F i
FTREAFTEDNEISE R, HAFZE Ak Cd s, BK
R SRR, XATRES F. Cd W5 Zn WoICHI T fie
£ 56, CHEN PRS2 B0 F Cd {2338 M RRXT Zn AW
W F A Cd il H 7EAR R AHA P ILAE, AFRas R R, K
K F 5 Cd S E FAEXR(P<0.01); ERPFHCdZ
Ji) 5 4 25 67 A 5&(P<0.05), UL KRR F. Cd AFATfE

PR IMEAE T, T E KR F L Cd I AT eI R dE AR A,
XARE G4 R L FL Cd A A R R e L3
WRAFTE AR S AT 5, W R B CAR/NEM R FIL B AW 3%
i f s, L Wik F Y od MR EAER &
P EAR R F A2 ) 3 R OH, 14K + 4 pH,
A5 - EXE LA Cd, AT REA I SE AR Cd B

F2 IMREET S TR BRI R(mg/ke)
Table 2 Test results of 5 kinds of elements in 3 kinds of agricultural products (mg/kg)

S JLH K ME I/IME rpE B (Y 4345 BT ) I o 22 A5 R B %
Cu 3.436 0.514 1.155 (0.927) 1.372+0.752 54.797
Zn 2.453 0.645 1.139 (0.482) 1.225+0.511 41.704
T Se 0.058 0.021 0.037 (0.012) 0.037+0.009 25.654
cd 0.153 0.016 0.034 (0.089) 0.059+0.051 85.773
F 1.058 0.557 0.648 (0.173) 0.689+0.136 19.797
Cu 4911 0.408 2.046 (0.801) 2.019+0.719 35.614
Zn 25.673 6.078 10.134 (3.240) 10.829+3.041 28.084
KAk Se 0.236 0.016 0.033 (0.020) 0.04620.039 84.744
cd 0.797 0.006 0.083 (0.260) 0.179+0.225 125.581
F 1.970 0.130 0.434 (0.573) 0.550+0.377 68.604
Cu 4344 0.857 1.983 (0.701) 1.988+0.523 26.331
Zn 22.925 4.803 12.436 (4.725) 12.71143.670 28.872
ESP N Se 0.135 0.000 0.025 (0.016) 0.027+0.021 77.125
cd 0.730 0.000 0.012 (0.105) 0.093+0.170 182.728
F 4.717 0.357 0.883 (2.156) 1.762+1.470 83.408
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Fig.2 Correlations of elemental content in potato, rice and corn
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T VA0 A B O O HL A A, Se it LR Y X
B Cd S BBAL, HAK Se & 2778 I3 X 8w 58
Ho -3 Se WM ERAL 2R AR — B, Kok Bk ad
Pqe i R AR, (H Bt Ak - cd SR
A p PG b 1) 2R e 3k Y

24 ZFENXKITMHE
24.1 Cd#BREZITME

Py b Cd BEZ 10 EMI 58 PTMI {8 4R, 45
LR, SOMNERERIOK., £k, S22 Cd ¥
FE ) EMI {4304 17.200, 4.518, 2.858 ug/(kg-bw), &
i1 24.576 pg/(kg-bw), 15 PTMI 1) 98.304%, J& Rt 3 Ff
L= i) Cd SEBARILT PTML, PR FEE WA S
BN ARAEERR 5 5 fHIOK Tk Cd BB KT 25 pg/kg-bw)
HIHEZAY B M 26.506% . 4.511%. B ATHFFTNS S AR FH X
FORIEAT R IR KA 2B, & Y SORTAER S Cd
TN RO Ry SR M E B Y, 4R R
i Cd BB HEERERIE ., £k Cd ZEE RS AL
A TR AT 2R i A AR R B H B SR
242 Cu. Zn. Se. F 93 EZH1F

H % 3 AT, AR DOEUR ROK oK VA AL Cu,

Zn. Se. F VIR T4 AR 10 A H Al A2
AR, SRS HARI IOk . Tk B4 % Cu. Zn,
Se. F @A, 25 T ZE1OW 5 2% B0 5 BH w350 0 2l
MBI G EREE/NT 1, H Cu e R G RE
EMEELR, BEHEEE SR ET Cu, XM EF T
B Se JOKBEABRPEME AT 18~60 B A H Se FEE R
(P97.5)°H 54.78~89.54 ug/d, BIRE TARMFFEEE, HAR
VE/NF A FBR400 pg/d) . BF5E Zn iR IX L IR
XHZH X FEZEH Zn AR 3690 pg/d™, BT AHFSY 4
R, BEHXART Zn STk, Tk, B8, Xt
TR TN X F X F % A 58 RS IF 9T & AR
YRGS R KU 1 S 2 /N T 119,

AHIEFE PR AR I R B B, RS A R
— W SR BRAE, 7E A I B 5 R T I R A A B
TLH, RO S0UF5T, DU R R XU P AL AY
b .

3 & 1

(WTESUMN b BT R X, KoK, ok D#Eh Cd
FIERAR T 0 28.916% . 25.564% . 26.667%, F S H1E 3
Rl S PSS, T Se. Cu. Zn MTEREILEIN.

(2) 5 M o b S5 15 5 DX R R (R A 7 Sl IO TRl O R A
—RE AR, JCR MR B3z oA e R s m, AN
A 7= it R AP G Bt AR R

G)EKH F it 204 & R MK, Cd & it 22 VAR AR o b
RS, KoK Se S RAEVEALIRE R, Cd & BEAEh AR TRER
1, Se R AL IX Cd B AR A

(4) T b BT o7 X Rl i 3 Fh =i 1 Cd
AR T PTMI, {H Cd & BBk FAESRTE,

(5) AR H AN [R) A VR D Fh 28RS O R ARRAE, LA Rk b
BISRBEME IR . B 7=k R RS E L, FhiE—2eX) F
Cd WSS R A
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Fig.3 Spatial distribution of element content in corn

N W hand : U.309~0.440
01530 60 90 120m w =030

B4 JORFILHES

=0.710~0.797

i TN mTi03-1295
= 296~1.489
= 4901683

g2 4.0

B 23 [ 73 Al

= 684~1.877

Fig.4 Spatial distribution of element content in rice

%3 Cu. Zn. Se. F TZEHEHBAE(g/d)
Table 3 Probable daily average intake of Cu, Zn, Se, F element

(pg/d)
) JLER
e
Cu Zn Se F

Kk 399.789 2144.118 9.128 108.885

B/ 198.763 1271.082 2.720 176.198
e 3 137.184 122.484 3.656 68.901

it 735.736 3537.684 15.504 353.984
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