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Abstract

on heavy metal pollution in rice. [ Method] The content of lead, arsenic, cadmium, mercury, chromium, copper, zinc and selenium in rice were

(Hangzhou Institute of Calibration and Testing for Quality and Technical Supervision, Hangzhou,
[ Objective | The aim was to determine several heavy metals content in rice rapidly and accurately, to provide reference for research

determined by inductively coupled plasma mass spectrometry (ICP-MS) with microwave digestion. The conditions for the determination of 8 ele-
ments were optimized. [ Result] The results showed that the correlation coefficient of 8 elements in rice is greater than 0.999 6 in the linear
range, the detection limit is 0. 18 —20. 00 pg/kg, the recovery rate is 91. 6% —106.0% , the relative standard deviation is 0.5% —-9.7%.

[ Conclusion] The method is simple, sensitive and accurate. It is suitable for the detection of the content of lead, arsenic, cadmium, mercury,

chromium, copper, zinc and selenium in rice.
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Table 1 The operation parameters for ICP-MS

TAESH BEMA TS5 BEME
Working parameter Setting value Working parameter Setting value
PF )% PF power 1300 W KFEHE Sampling cone R
LB TR B Plasma gas flow 15 L/min HHUE Skimmer cone AR
#HS i Carrier gas flow 1.0 L/min SKHEEE Sampling depth 8 mm
MBS Auxiliary gas flow 0.9 L/min Ce0* /M Ce” 1.0%
AL Atomization temperature 2 C 0Cett /M Ce” 1.3%
IESNFR Peristaltic pump 0.2 1/min Bk 4E )73 Data collection method SERE
R THE 2 Sample lifting rate 0.5 mL/min
R2 BEHREF TV T VR YL A ) o PO e e R 2 A O i o e v 2

Table 2 Microwave digestion procedure K SR A Sy , SO RGE N R S T R ,
s }ﬁﬁ?iﬂp sﬁfﬁfn _ faﬂ:ﬂﬂr'f %%%ﬁfﬁi‘c%ﬂﬁ%?ﬁﬁi , ﬁtﬁiﬁﬁﬁéﬁﬁﬁﬁ@ %%F?@f
Sep /e e enpem BRS8N TR, TR 13 R
1 : o “““5 W), ZERNIR — s AL U R R R 190 C B R T, it
, . 0 . B LB TR 510,20 min ROTEATLL. S5HA,
3 5 160 10 AR TR S min P b T AR A 56 42 5 2GRN (] 10 AN
4 5 190 10 20 min PFE LT AR 56 4%, TR AR T i 0] DRI, e e ¢

Hal B2 A PRI S 1] 9 10 min,,

2 BERSHAH 2.2 FHEHEBR 76 ICP-MS ShHr B 1 ST T
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TIRIAE . B IEBNH X GO IRVERE i, I8 AT A B
2o BHIRAE N — Mok S AL PE TR , TE 0N s TR AR AL 1
5i, AT LAA 873 i ROKAE iy v B A B, O ELR R 3 A R
R 3 FOT R AR S B TR I R P B S AL R
SMGIABMZE FE TR R R
7, SRR A AT USSR g e 0 0 ELM PR BOE . PRk
IR LAHAR — i SR ST AR SO AR A T

2.1.2 (HAREGR R ARG R 22 S EOE R R
FHE AT AR P 7 A B AR 22, A o A it T, DA
T N TR B 2% , I ELIE I AG Bk AR IR IR 1) - 9 i
IR MITEHR R 42 ZRa L LR, ik g ik
£ 6 mL AR 2 mL 5o A0 S T AR

2.1.3 THARIRE . RS I A OR e B N R B
L T g, T AR SSRGS e A A T A T A
PR A AR 00 e 3R A5 A9 RIS, ol 9 fip o e 14 6 A 3
T, ) L S 3 A A 0 ol FH iy e ) e e o L
170190 F1 210 C X RKAE St FEAT 11 At , & B 43l B o 170
°C, B A P P 16, A5 it AT A A i ik ke i 5 2438 B2 O 190
1210 CH, [EF 5 I 18] i SE 4, B il 35 ) o8 2T i, AR
PEAESE A MR A OO T RS SR T AC AL E i S50, ik
B R PR B i B 190 °C

2.1.4  JFEIEE] o SN AR S A ) S RO T

PRI g A W R R Z T
T BT T R T R U
A PEAACER 9 A 2, P B R 40 i E ) 67 3%
PAKAE ] EPA200. 8 pRifEHHUA e Ty R i bR B 4. i
B R 2Ok AR S IR AR S LA, FHTEZ A AR
ATLUARGHER T, ARIE RRIT R B9 LR I, 38 o i 4
A AE SRR BT M NARTTR o 8 TR
WA, RS FAARTC R YRR LA 3,
#3 MERME . WFRTTRIFRSEE
Table 3 Measurement isotopes, internal standard elements and inte-

gration time

T W 5E R 3 Vi]fz:l: a/l% }‘Rﬁ}ﬁrj‘.ﬁﬂ
Element Me‘asurement standard lnTegratmn
tsotopes elements time //'s
l)b 208 Pb 209 BI O. 3
As 5 As 7Ge 1.0
Cd eq R 0.5
Cr 20 5G, 1.0
Hg 202 Hg Wy 2.0
Cu o 7Ge 0.6
Zn 67 2(Ge 0.6
Se BGQe 2Ge 2.0

2.3 FREMESKHHR Pb.As Cd.Cr.Cu.Zn Se FriEH
LMLy 0 ~ 200 ng/ml, He b 1 2L LG Fl D O ~
10 ng/mL, e PEAHIC R B KT 0.999, T AR L 18 W3R
4, TEBETE RS TAESAET , WHRE i BT 50 25 B AT
DU5E 113, LA 3 A5 5 45 5 A s 1F v 22 JIT XoF g P e B 113
FICEMITIER PR, Z5 R L% 4,
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Table 4 Calibration curve and limit of detection(LOD)
. i HIE R AL TRk
Element Regres.smn CUITB}?“““ M(fthf;d detection
equation coefficient limit // ug /kg
Pb y=0.005 2x +4. 26E - 004 0.999 8 0.51
As y=0.004 7x + 1. 867 3E — 004 0.999 9 1. 80
Cd y=5.109 5E -004x + 1. 348 6E - 006 0.999 8 0.18
Cr y=0.040 5x +0. 003 6 0.999 8 1. 60
Hg y =0.007 3x +2. 532 9E -005 0.999 6 0. 86
Cu y=0.061 8x +0. 066 9 0.999 8 10. 00
Zn y=0.007 Ox +0. 014 3 0.999 8 20. 00
Se y =2.553 9E -004x +5. 210 2E - 005 0.999 9 20. 00

2.4 hoiREY R AE R EIR

e 1 0351 B ROKAE A

TEF—MRR AT, - SRS = A EEMIRE (n=6), 1
FHAFAY Pb,As Cd,Cr.Hg,Cu.Zn Fl As &8, I-RIEM E
ZE R B AR E N 22 , HAR SR HE R 227E 0. 5% ~9.7% ,

X [l — 3 FOKAE B EA T A [R5, 2 il s 3 A
[l KPR BR R, D bR 5 9 Ph As (Cd \Cr Hg,
Cu.Zn I As 5, FRARYEI 2 45 R T H R nds FICR , Homps
[l HAE 91.6% ~106.0% , 255 W3 6.,

GRS,
x5 BEERBLER(n=6)
Table 5 The result of precision test
g 1|52 { Measured value // mg/kg ]
LR ER & = 5 = P RSD // %
Element = W2 E3 R4 HES HH6 Mean // mg/ kg ?
Repetition 1 Repetition 2 Repetition 3 Repetition 4 Repetition 5 Repetition 6
Pb 0.065 0 0.063 0 0.066 0 0.063 0 0.062 0 0.064 0 0.064 0 2.3
As 0.082 0 0.084 0 0.080 0 0.083 0 0.081 0 0.084 0 0.0820 2.0
Cd 0.005 9 0.006 3 0.006 2 0.006 0 0.006 2 0.006 5 0.006 2 3.4
Cr 0.1250 0.1220 0.128 0 0.124 0 0.126 0 0.123 0 0.1250 1.7
Hg 0.011 0 0.0100 0.009 0 0.0120 0.0110 0.0110 0.0110 9.7
Cu 3.3400 3.3800 3.360 0 3.390 0 3.370 0 3.350 0 3.360 0 0.6
Zn 5.880 0 5.940 0 5.900 0 5.860 0 5.870 0 5.9100 5.890 0 0.5
Se 0.102 0 0.1050 0.104 0 0.108 0 0.1100 0.106 0 0.106 0 2.7
B iR B 2 R 2.5 JFiRgEmtE SRTOKARHEY) B (GBW10010) /E N2
Table 6 The result of recovery test VR v B W R T, HiFE 7 AT, W
e At IR s fi GIE S RIGTEARUEMA G N, R W07 BRI AT EE
%lf’ N . Background ~ Added amount Measured Recovery _. .
Mt value // mg/kg mg/ kg value // mg/kg rate // % RT EHRNESER
Pb 0.064 0 0.05 0.116 0 104.0 Table 7 The measured result of standard materials mg/kg
ol odeo o0 S T i
) ) ) Element Standard value Measured value
As 0.082 0 0.05 0.1350 106.0
0.10 0.1830 101.0 Pb 0.080 0 £0.030 0 0.100 0
0.20 0.283 0 100.5 As 0.102 0 £0.008 0 0.104 0
Cd 0.006 2 0.05 0.0520 91.6 .
0.10 0.104 8 08.8 Cd 0.087 0 £0.005 0 0.0850
0.20 0.2030 98.4 Cr (0.090 0) 0.090 0
Cr 0.1250 0.05 0.1720 94.0
0.10 0.220 0 95.0 Hg 0.005 3 £0.000 5 0.005 6
0.20 0.3220 98.5 Cu 4.900 0 £0.300 0 4.700 0
Hg 0.011 0 0.05 0.062 0 102.0
0.10 0.114 0 1030 Zn 23.000 0 £2.000 0 23.000 0
0.20 0.2180 103.5 Se 0.061 0+0.0150 0.059 0
Cu 3.360 0 2.50 5.8300 98.8
5.00 8.3100 99.0 . - L N .
10.00 13.300 0 99.4 2.6 EBREEGRME MR EIROUA IR i B Y S
o 800 T o0 s HERHOREA TR, 5 SR I 8. Fi 4 8 AT L, A7 1At R
10.00 15.860 0 99.7 K Cd A1 Cu 55 AR, FABHE OB SR AT & 3 [ TR b e
Se 0.106 0 0.05 0.1550 98.0 sk
0.10 0.2050 99.0 e
0.20 0.303 0 98.5 (T#% 115 )
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Table 2 Anti-fungi activity of the ethanol extracts of A. grossedentata before and after soaking in waer

]2 Inhibition rate // %

FE TR T — -
Sample WA AT e B
Coniothyrium diplodiella  Botrytis cinerea Colletotrichum gloeosporioides
WK LB HUY) Ethanol extract before soaking in water 75.5 82.8 30.3
WK G L EEHEHY) Ethanol extract after soaking in water 49.0 55.5 13.3
I FF 1 2 Nystatin 87.1 93.8 90.0
100 BHA—E BT RE SR
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© 5
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*&E — J8KE After soaking in water [4] MATSUMOTO T,TAHARA S. Ampelopsin,a major antifungal constituent
- . . . N .
20 from Salix sachalinensis ,and its methyl ethers[J]. Journal of the agricul-
0 50 100 150 tural chemical society of Japan,2001,75(6) :659 —668.
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Fig.2 DPPH radical scavenging ability of the ethanol extract of
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Table 8 The result of sample test mg/ kg

FEAAER
Sample batch Pb As Cd Cr Hg Cu Zn Se
1 0.082 0.103 0.025 0.049 0.005 4.6 18.9 ND
2 0.067 0.054 0.072 0.083 0.010 5.9 10.6 0.114
3 0.153 0.078 0.231 0.135 0.009 12.3 15.2 0.090
4 0.190 0.156 0.054 0.166 ND 2.6 24.8 ND
5 0.071 0.095 0.011 0.102 0.008 9.8 8.7 0.086

1 :ND R Akl

Note: ND stands for not detected.
3 #ig S 30k

PRI R R W i — PR B A5 B R I v
FOKH) Pb As Cd Cr . Hg Cu.Zn Fl Se 8 FhocE & ik, H A
AT R 231 R i RN B T S A P i, 38 T T KOK R P
As.Cd.Cr.Hg.Cu.Zn Fl Se JLE S &AM, X5 ki
FOK AR 25 T B 2 b X T B ROk R 2R LK X Cd
Cu E%,
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