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Distribution characteristics of S heavy metal elements in rice in different
regions of Yunnan

ZHAO Xiao-Hui, WANG Jin"

(Yunnan Center for Disease Control and Prevention, Kunming 650022, China)

ABSTRACT: Objective To determine contents of five heavy metal elements in rice collected from eight areas of
Yunnan and analyze the elements distribution characteristics in rice from different areas. Methods The contents of
5 heavy metals including chromium, cadmium, arsenic, lead and mercury in rice were detected by inductively
coupled plasma mass spectrometry. The distribution characteristics of heavy metal elements in rice in different
areas were analyzed and distinguished by principal component analysis. Results The heavy metal elements in
rice from different regions of Yunnan province had different characteristics, and the rate of over-standard was
lower, but the detection rate was higher, especially the pollution of total chromium and cadmium was more
extensive. Conclusion The content of heavy metals in rice in Yunnan Province is generally at a low level of food
safety risks. However, it is still necessary to further control the source of heavy metal pollution in the environment,
and to conduct continuous monitoring and risk assessment of heavy metals in rice.
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AP ILEGESZH = PR | 5T R R A 520,
KL, A R Hb DX ROK H G 2 5 it 23 A1 2 75 S Bl b XA ] 2
A R 08 A3 AT RS2 —AMEARRATRIT AR 252 (R B, AR
FUTERA MUY 60 MFEAFE M RS, RAHHE
JECH A 45 8 1K B 5 1P PNinductively  coupled plasma
mass spectrometry, ICP-MS)X} S5 . Fa. B, SOk, 4H
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2.1 HERE

AR ZEHE = B A R ™ i 0T 5 WA 0 T 3k o
FRBBGRZET, fERMERITAERE, RS
WAET ML, BRI, ARRBFEAEGR L, KIE . 5
BRYT. I, 0. ARAN. FiR 8 bl 24 A~ H XLl sE
60 IR FE S, HoRRE 11 ¢F, KRG 49 2. BLUCRARE
A HA A= —28, SR A RS BBk A 5 58 B RCR
o REESAMWE 1 iR,
2.2 RFIEHNEE

ZILRIRGAMIEETE (10 pg/mL: Ag, Al, As, Ba, Be,
Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Hg*, In, K, Li, Mg, Mn, Na,
Ni, Pb, Rb, Se, Sr, T1, U, V, Zn, 3 [E SPEX/A#]); ZILXIR
A WHRA (10 mg/L: 6Li, Sc, Ge, Y, In, Tb, Bi, 3£[E SPEX
NAl); IRORE SRS, 3EE Fisher Scientific 2AH]); H
FAMEYI R GBW10011(GSB-2)-A 8 43 /3 Mrbs i) /)N
(M IRy HE R AL~ B A SR D) o

X Series 2 HLEHEA S E FIRFE{(SEE Thermo
Fisher 7 7 ); ETHOS ONE i i W & 1% (& K #)
MILESTONE 2% #]); SI-234 J74y 2 —H T R ¥ (£ H
DENVER A r); B-400 #J5#LG#H -+ BUCHI 2 F); Milli-Q
reference #A 4l /KHL(SEE Millipour 23 w]); VB24 HIHGEEER
X (H E LabTech 23 7).
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Fig.l Distribution map of sample point
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Table 1 Microwave digestion procedure

I BerERY
1 FHEET ] 5 min, ¥REEE 120 °C, {fF5EFE 5 min
2 FHEET ] 5 min, JREE 150 °C, {FFEHE 5 min
3 FHEAFE 10 min, JEEE 190 °C, f£H:HF1A] 20 min
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i Ffl SPSS(22.0) K {4647 ML/ H o 15, XL
Bg AT oy 28, FE AT AR LA B . TS SR FH A AT
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FRATFR AT K F AL 7] i, e 2RI [R) X S 4528 )
TR
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F10 &

AP ZICE A bR HERRAERR Y, XTRE S EAT 2 b A
W, H P2 Je g 2 n A1 S Rl ER 4 o WA N AR DG R,
r=0.999, ffi [l GBW10011(GSB-2)-4= ¥ 184> 43 Hrbr i 4y
SO /INZE ASORS T A R D, S FhER 4@ oo R B9 A I dn R
2 FR, STERREE(EIL R, 2 W90 e A6 I B 45 500 e
A
32 EERBRTESE=E

Ze it BT AL B2 S, H R A S AR

L, R EERHT-E 7 ARIAS, a(Eh 0.253 mg/kg, SR
HBER L, EETT TIEHEAIRS, KEUME R 0.0623 mg/kg. 4
SR TCEBRFE L . 60 PRFEM TR B 0.2 me/kg A
7o ANIRIHLXAREA TR GG R I3 4, AR FIRES
FOLE SRR ILE 5.
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Table 2 Determination of standard reference material

o 7o) LA ot - — N TR i 1 Kl 2 FRUED A B
SSRGS H5. L BY L R S FEGIRTCRAE 60 (hREA i " o
AR K S — A L Rh R AT
ﬁénnﬁ?ui, Gl n%'ﬁﬂi'% 3‘ B, FrAa A H B s LA Crl(mg/ke) 0.1010 0.1053 0.096£0.014
oz RS 5 RS . E4RREEKTE GB
2767-2017 (B hh A E AR A8 s YRR ) U] As/(mg/kg) 0.0319 0.0292 0.031:£0.005
FEo HERA, AP AMESETE S SRS TR
MK, Hop g . % . . S e oS H Cd/(mg/kg) 0.0160 0.0187 0.018+0.004
(0.0282+0.0408) . (0.0860+0.0323) . (0.1283+0.0686) .
(0.0487£0.0296) mg/kg. 60 1Kk P ERAT 4 ByEE S K i, Hg/mgkg) — <0.0035  <0.0033 (0.0016)
SRR 6.7%, 1 yFE bR RN 1.7%, FH
*\lﬁij\j ‘6 ”’: Uy bFahps, ARy 1.7%, Ho il Pb/(mg/kg) 0.0667 0.0643 0.065+0.024
FE b 2 AR

R 60 ARG HIRIAR 2 14, BAREA 3.33%, ftitR E: s WIEIE R S5 .

40000 & 20000 e
4521 20000 = 10000{
% 10 20 30 40 50 60 70 8 90 100 % 10 20 30 40 50 60 70 8 90 100
WBE(ug/L) WREE/(ug/L)
Intercept CPS=149.636121 Intercept Conc=0.444349 Intercept CPS=2.003487 Intercept Conc=0.014355
Sensitivity=336.753531 Correlation Coeff=0.999910 Sensitivity=139.563466 Correlation Coeff=0.999375
4000 e 20000 o
i 5
‘]g 2000 1 1 L L 1 1 1 1 1 ‘]@ 10000 : 1 1 Il 1 1 1 1 !

-2000
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Sensitivity=39.414634 Correlation Coeff=0.999599
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Fig.2 Linear correlation diagram of standard curve
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Table 3 Results of different element contents in samples
" v A v v
Yy R ig FA9ME PsO P90 P9s  HEAfi ﬁgg ﬁ;ﬁ BRI /(e /ke) ggg ggﬁ
%% 60 60 0.0282  0.016 0.052 0.092 0.253 57 95 0.2 1 1.67
pagsd 60 60 0.0860  0.076  0.126 0.134 0.146 60 100 1.0 0 0
Bk 60 60 0.00312 - - 0.004  0.0623 4 6.67 0.02 1 1.67
B 60 60 0.0487  0.040 0.092 0.108 0.168 60 100 0.2 0 0
S 60 60 0.1283 0.124 0220 0.264 0.33 60 100 . 0 0

T *FR GB 2762-2017 A FEA TCHLRH I FREARE R 0.2 me/kg, 78 W AR s SR A E 13 0.2 mg/kg T2 4. P50 N 50 B4

B, PO MR 90 H A i P9S A 95 H A EL.

F4 TEMBXBATTESERNER
Table 4 Results of different element contents in rice from different districts
T FESEL Cd/(mg/kg) Cr/(mg/kg) As/(mg/kg) Pb/(mg/kg) Hg/(mg/kg)
Joigh 7 0.0268+0.0175 0.0853+0.0309 0.1547+0.0419 0.0351+0.0076 0.00325+0.00276
£l 10 0.0317+0.0420 0.0840+0.0252 0.1233+0.0572 0.0545+0.0276 0.00175+0.00000
K 5 0.0406+0.0495 0.1074+0.0104 0.0852+0.0330 0.0610+0.0295 0.00175+0.00000
(PN 7 0.0230+0.0212 0.0779+0.0351 0.1714+0.0787 0.0495+0.0330 0.00175+0.00000
RYL 7 0.0116+0.0022 0.0696+0.0304 0.0790+0.0546 0.0444+0.0266 0.00175+0.00000
I v 6 0.0180+0.0188 0.0799+0.0373 0.1428+0.0646 0.0539+0.0583 0.00175+0.00000
LRl 10 0.0212+0.0162 0.1171+0.0268 0.1814+0.0741 0.0583+0.0269 0.00890+0.02193
EiE 8 0.0530+0.0885 0.0630+0.0256 0.0666+0.0224 0.0330+0.0120 0.00175+0.00000
Bt 60 0.0282+0.0408 0.0860+0.0323 0.1283+0.0686 0.0487+0.0296 0.00312+0.00901
x5 TRGBMBATTESERNER
Table 5 Results of element contents in different rice varieties
FEmmAhE FEim SR Cr/(mg/kg) Cd/(mg/kg) Pb/(mg/kg) As/(mg/kg) Hg/(mg/kg)
HEFH 11 0.0752+0.0294 0.0209+0.0139 0.0442+0.0262 0.0778+0.0270 0.00175+0.0000
Gl 49 0.0885+0.0327 0.0299+0.0446 0.0498+0.0304 0.1396+0.0701 0.003420+0.00996
Bt 60 0.0860+0.0323 0.0282+0.0408 0.0487+0.0296 0.1283+0.0686 0.003120:0.00901
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ASCAE P B oM O Bk X 2 P A B N S [ XA
B 5 MR AR TR TN, RARIAS [ X 4 o
4B IUE S B T T 2B XA [F] S B RS 7] 89 4 A
SAE .

TR AT RN 6 iR, JTFARBITHE S FHA
W E A JECR AR, REIREUE 3 A~ EMTPCL 52.9%.
PC221.7%. PC3 17.5%, XA~ 3 NEMH BI85 Fh
AR 92.2% MG B . R 7 B F A far i ] LIS,
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PR R A A AN R 3
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DX a2z il X-Y P RIE (B 3)0 d B RT AL, AN R X
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Table 6 Total variance of principal components
. WIGRFEAEAE PRI -y A AHFFEXT 8 DHII 24 A ELIXFEFPAE AT B IR
;j\ it ¥ mpes Gt R 2510, PR AT T E 48 AN, X A )t IX o 4y J JC R
L Ao T TRHESMT. SRR, 60 FEAHA 2 PFRTERE S5
1 2.6446 52.8920 52.8920  2.6446 52.8920 52.8920 TER R EERR, BRRE AR 3.3%, W S EA
2 1.0882 21.7640  74.6560  1.0882 21.7640  74.6560 BPEFELE T EMN TR . Hh—5 50 e 7 3
3 0.8754 17.5085  92.1645 0.8754 17.5085 92.1645 BANHTE SR, Sl A ENEATES R ICEE
40336 66710 9885\ \ BRI, LA Bt G, LSRR HE IR 0075 3
o 00582 11645 1000000 ! ! JUZ, X 2 R A AV TE R o T — A R B
S — IR 4 S e, T IR F TR 4 AP O
Table 7 Matrix table of factor loading * 55 XS PEA
iy FEAy th 4 JB U R %t SR K . 13 RS
1 2 3 FRRAHUKR, RICARMIX A EYHA A S0
Cr 0.5264 0.4573 0.0748 RRHE . AEAWF SOOI AT A FE il A B i 75 5 43 Ji U 3R
cd -0.3057 0.6644 0.4811 TIHe o tT, JERW A K IR EE 4 . K PR D HdE,
Pb 0.4102 0.4285 ~0.6200 I A T e — 2 0 A B 00 R A 114055 I A TR A B F O
As 0.4791 -0.4046 0.1571 A BRI ZICEK . TR bR P IR 25 5 4 X 43 A e fiE 19 5 12
Hg 0.4815 ~0.0412 0.5955 RE A% S T A8 £ i 22 4 KU W) TR B 4t R4 A 20 S
>4
£8 TMHBHE R
Table 8 Score of principal components S E ik
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