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Risk analysis of arsenic in rice from different regions in Yunnan province
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ABSTRACT: Objective To analyze the potential arsenic contamination hazard in rice growing regions across
Yunnan province. Methods The inorganic arsenic content of 2592 rice grains in 118 counties (cities/districts) of 16
prefectures (cities/districts) of Yunnan province were analyzed by LC-AFS6500 atomic fluorescence photometer, and
correlation analysis, variance analysis and LSD multiple comparisons were conducted. Results The average value
of inorganic arsenic in the samples was 0.028 mg/kg. Among them, the order of inorganic arsenic content was:
industrial and mining enterprises surrounding farmland (0.036 mg/kg) >general farmland (0.026 mg/kg)>sewage
irrigation farmland (0.021 mg/kg), the risk of heavy metal arsenic pollution in the surrounding farmland of industrial
and mining enterprises was the greatest, and differences were significant with F value of 16.994. The content of

inorganic arsenic in farmland and wastewater irrigated farmland in industrial and mining enterprises was the highest
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in Honghe state, which was 0.128 and 0.055 mg/kg, respectively, whereas from normal field, Lijiang city had the

highest arsenic concentration, which was 0.078 mg/kg, and differences were significant from other cities. Puer city has

the lowest average arsenic concentration and detection rate among 16 districts. Among 2592 samples, 13 of them were

over legal limit, account for 0.50% of the sample, and they were all from Honghe district, of those 6 samples were from

Gejiu city, 5 samples were from Mengzi city and 2 samples were from Kaiyuan city. Conclusion The agriculture

micro-environment of the field is an important factor of arsenic contamination in the rice growing regions and fields

adjacent to factory have much higher potential of arsenic contamination which should draw our special attention.

KEY WORDS: arsenic; rice; Yunnan province; different regions; pollution analysis
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FEIEM 16.0%F1 25.0%4 4, AT 90%M AT LIRK A
F&. Ft, REKREL XA E T E SRR S L4
A ] 5 S i HLAT F KA il s 2 S 101,

FAEE, WA kA i br &R . 15N G 2R HE
B ARACE R, X5 R BRI AL T B R
BYe, BHET, SO LN EEE T ARSI K
2y 5% BR S A R S T, WFR R, KRR AR K AR
PESNHAERFE RS L KON EEESE, T
R 4R S R RS K AR A kbR
LN EIED ™ FOK AP R LA HLACHL 2 FiE
AFAE, TCHLEA Rt K A LY B T2
SR EERICHLM . Bk, FREA 2013 4E 6 H 1 HZIER
S it 14 5 ) A U L T ROk R JEHLE A B R
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2.1.1 HEBEHRE

2015 4EREARIARTETT, N mE 16 (D118 1~ £
(/D) F= KRS X IR AR R A R b 2592 13 o RS A BE A AR
PR GRS FH Ao TR L T5 e AT — A 3 ik
R, Hop, TR HMCREE 927 My RESL, ToHEA HORAE
500 fyEidn, — A HARAE 1165 (ki . Aialie il R 4R
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F1 HHAHREAER
Table 1 Information of test samples.

T 5

) H(@i/1X) KH — MR FEAREL
EHI 8 21 15 74 110
T 10 35 13 94 142
EARCIP)] 12 33 10 136 179
HEHEMN 10 85 31 180 296
38 T 10 115 1 60 176
s i 9 130 208 77 415
PR M 2 1 0 49 50
iR 3 15 12 7 34
g ARl 4 3 0 26 29
[iERamE 5 50 0 39 89
paiipl| 8 74 16 121 211
LRl 5 107 35 90 232
Bt 7 48 58 15 121
I v i 8 105 0 39 144
KHLH] 12 65 101 99 265
TR 5 40 0 59 99
Gt 118 927 500 1165 2592
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2.1.2 EEBEFRXA

LC-AFS6500 % J5i 2% % )t B 1 (At 5t 6 A w);
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Al _E#L,
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¥4 % F Microsoft Office Excel 2003 #4147 Ab3H,
K DPS 4 b FRER A iEA 7 LSD Z FE I AL, /NG Fhk
TR 5% BEAKT, REFERFRIR 1% B EKF-

3 HER55H

3.1 16 M)A KHEEEHBAEER

R 2592 3 FOKRBESL, TEHLAER & i 3 (R
0.028 mg/kg, H i, T #" 4 H(0.036 mgkg) > — A H
(0.026 mg/kg) > I5H#EA H(0.021 mg/kg), 54047, FAE
K 16.994, AR E R AR A R E E AR
(GB2762-2012) { &t e M E e & hi5 & )
HLE, IR ICHLERE N 0.2 mg/kg, A 13 (9FE S TEHL
FHRHERULE 2), HREMRMDI 0.50%, 13 FHEBRRFEM Y
e HLM, HApAET 6 4y, HIZTESRERER 16 1Y
37.5%; S AT S B, 7 ERERES 15 00 33.3%; Rz
24y, ECRAEREM 15 (30 13.3%, 13 (RS A 7 64
KA T, 6 3k A — A M, RS EE FEIOK™
DX A5 e A BRAE h R 20 AN IHTT . 52 AT AR T, H
A AR 115 AN B (/D) B A Hh TCHLAP A FRAE i o 16 4>
N FOR B TEHLER & B E LA 1), AEH TR 25
B, BRECIM . FR VLT AT SR A5, AN (A7)
F 0.050 mg/kg, Hrp, Tk J8d14k HATTSHEAR H L
LN K B, 4351 0.128 mg/kg Fi 0.055 mg/kg, —K
A U LRE VT N 5% & Ch - 0.078 mg/kg), ZLI M ¥ =2 (N
0.047 mg/kg).
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MFE 3 AL, 16 AN (A7) LA Al 8 i 4 K T8
LS B2 22008, FAE N 20.328, S B E 25, Hik
AT LSD £ AL (WLFE 4), 16 AT ) A JCHLEH Bk
INIGURE Sy 200 > ARV > RREN > SCil > £R 1 > sk > ot
> fave > BRI > YT > 852 > B > iR > TR > 250k >
W, LALTIM AR, A 0.128 mg/kg, HKEETRILTT,
4 0.089 mg/kg, LIEEHTT AR/, S 0.002 mgkg, TE
0=0.05 F1 6=0.01 /K-, 437531 8 A2HFN 7 20 Horh, 41
L 5 A A M () A R 3 28 5, VLT S5 RN
RS SN 13 AN () DU S s
RN 5 ST A 13 AN SR R 3 22 57 5 5
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B, BENEHRTEEER. EHSEE 16 MH0ODHT
B Alb JE A FHROK FR JCHL 22 B &, L2 ] b 5 e
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Table 2 Sample list with inorganic arsenic content exceed the

limit
Matny Bl RS A gggz
EART] AT 270 T4 H 0.252
EART) ANET 271 T4 H 0.403
EART) ANMETH 272 T4 H 0.414
EART) ANMETH 273 To 4 H 0.529
EART) A ETT 282 — A H 0.534
EART) AMET 283 — A H 0.782
ARG EJ=li] 262 — et 0.204
R0 EJ=li] 261 — et 0.248
R0 EJ=l] 255 T4 H 0.494
R0 EJ=li] 256 T4 H 0.615
ARG EJ=li] 258 T4 H 0.727
EART) TP T 292 — A H 0.234
EART) i 299 — e 0.242

33 SERBAXNEEESH

A 3 ATHIL, 2 16 NN, BFTEXURS ., 18
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0.400 BT mg/kg
0.350 O Ty &RH
0.300 TSR H
0.250
m — R
0.200
0.150
0.100
0.050 I l -|-
Dk B o O T s
0.000 L - | | ] i
B EH o B OBEE #E Ry @K BT WL Ol R KB OGRS ORI pEgE
Bl 1 16 M () KK ICHLER & AR R 43 4 (n=3)
Fig. 1 The histogram of inorganic arsenic content of rice of 16 cities (n=3)
%3 16 NMN(H)3 HEBKRBENBAESTR
Table 3 The variance analysis of inorganic arsenic of 3 types of farmland in 16 cities
Byl AR SRR S H b F K06 Pl
) 0.637 15 0.040 20.328 0.000
TH R H % 1.849 944 0.002
AR 2.486 960
) 0.035 10 0.0035 7.699 0.000
15 HER H R 0.224 490 0.0005
AR 0.259 500
M) 0.370 15 0.025 17.859 0.000
— B H R 1.539 1114 0.001
AR 1.909 1129
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Table 4 The LSD multiple comparison of the average value of organic arsenic of 3 types of farmland of different cities.
T4 H THEACH — A H
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K 0.028 ef CDEF PRIl 0.021 c CD e 0.029 defg CDEF
I v 0.027 ef CDEF ireh i 0.018 cd D il 0.026 efgh CDEFG
ishii) 0.027 f CDEF K 0.017 cd D K 0.026 efgh CDEFG
BRI 0.026 f CDEF EiE 0.012 d D 1 R 0.02 fghi EFGH
(Y 0.025 f CDEF - 0 e E W 0.017 ghij EFGHI
] 0.022 fg DEFG e 0.015 hij EFGHI
LN 0.016 fgh EFG YN 0.014 hij FGHI
TiE 0.016 fgh EFG I 0.012 ijk GHI
T 0.008 gh FG M 0.005 jk HI
W 0.002 h G T IH 0.001 k I
B, zrg . S VISR — L kb X T I A 7 E A S e a)
4 g5t
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5 SIS AR [, 2 A BEL RS AR M A 7 T 4R
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159, SRS IG g L e, SR Y A
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XA B P e B T BF T R £ A 32 2 A A
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Iz R,

F [ b 5 e i M A R R 2 —, JUIR M

M, R, ASGEEXTARE 16 A (KRS 27 X1
118 A~ B (i/1X), MK E KIS TR 5 HER
FHAI— e [ 3 Fl2 R SR LC-AFS6500 AR 26 6t
FELF, H0E 2016 4E 3 A 21 A8 (B LA B R AnfE—
A R R TCAILAR I ) I TR . BFSE R I, 3 R
AN[RI ST A v 5 4 i T AL I (B S A i 22 5, R
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FH B K R /KRS B 42 8 TEHL Y & . Hop, Tk
HH Y5 HE A S DAL M A s, 405108 0.128 1 0.055
mg/kg, R T O R HESEWHIG YR, ol
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AHFFEAE SRR 2592 A FGARE L, B 13 hFE
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