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Determination of 30 Trace Elements in Rice Based on ICP-MS/MS

LIU Linan, WU Chunmin, GAO Zhuo, YUAN Xiaoxuan, CAO Meng, WANG Yan~, WANG Dong"

(Hebei Food Inspection and Research Institute, Hebei Food Safety Key Laboratory, Shijiazhuang 050000, China)

Abstract: In 5 kinds of rice samples, the method for determining 30 common trace elements in rice was established. The
rice sample was digested by microwave and then injected for analysis by inductively coupled plasma tandem mass
spectrometry(ICP-MS/MS) technology. In MS/MS mode, H,, O,, and NH; were used as the reagent gas to cause the
interference or analytes to undergo a mass transfer reaction with the reagent gas, using in-situ mass method or mass transfer
method to eliminate mass spectrum interference. The results showed that the linear relationship of the test elements was
good, and the linear correlation coefficient was more than 0.9991. The limits of detection were in the range of
0.000251~2.322 mg/kg. Recoveries of the method were in range of 95.50%~104.35%, and the relative standard deviations
RSD was less than 4.03%. The established method was used to determine the rice from different regions in China. The
results showed that the content of P, S, K, and Mg in the five kinds of rice was higher,between 53.7~736 mg/kg, while the
content of heavy metal elements Cr, As, Cd, and Pb was very low. This method has the characteristics of simple sample

preparation, high sensitivity and low detection limit, and can accurately monitor the trace elements in rice.
Key words: inductively coupled plasma tandem mass spectrometry(ICP-MS/MS); rice; trace elements; mass transfer; in-situ
mass
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(S5 S R b N RE A NN SN N 1 D] RS==3 111 Pi
0.2.0.2.0.02, 0.2, 1 mg/kg, HRETFT/RKBEFPES
JEIGYLIEO, AT 82 SCHRHRIE : BT = H ROk
i, SR, #5. B, 55 SREAE R, HrimE S mes
AT T PR K EE A SR AR 3 ik D i, L P AR AR
Ry, T A S AR AR AR AEHS T R B b
FH R AT = LA A e D) B ARG SRE T
PO AR MRS S . =L WL, AmEE . VILIR . 9
. de . . R T E . BRI R
70 FPTTEEFOK, ST AR . 4. i OR 4 FhEE 4 )E &
&, SeNTEE R I LE A A B 3R 0 RO AT
TE—RE RS . FR T L, FREKFE 4w TS Y
(7o) R AR A WA ANEEY A, TCIS ST T ROK I & IRk
Lo, BT ZE N — P EENS POH HERG I 2 KoK i
HICER SR, X HAT AR R R

AHRIOKF I EITTRE NPT AL A KEHR
18, FEEAIHE: A2 E ST, SR RO,
JREF R o R G AR B SR I B 4
J& 7 N R )Tz, B AR O IR W IR i
(FAAS) | A8 5 FIRIR 6% (AAS) | 288
FEEETR (AFS), {H L8774 7 I BRAS I K i) —
FhoCER, JCIERSCEL R RN oK TP i 2 FPoc R . BlS
LT Z 50 5P BN G SS IR R IHGE
(ICP-OES) )L FHHLIEFR G 45 5 A5 1% (ICP-MS)
U PR ST T R, ICP-MS A R U B
15 A HH B AT, A DI 19 B i R SR A 1531
SEATHIER, MIMBR S T A LeonzR anEriil ez, 405
SIS TP R R v 55 B TR L 3 43 BB i R Al 4
S (CRC) FE AR B RERRAR M R —Le T4, AR SR
AEAETCIR MERR I 2 X R, 25 o0 2R 14 () ROl — 7 T, 7
5 T2 ey R, R Az ™ E Y 53—y,
ASBETH B AR AR S % R i, ok tilRl
IVAO Y24 5 | 311 SN N/ - R W ¥ R i AL 7 IS L e 2
HIPH, AR S R FH HUEBGR & 55 B T A BRI T i
(ICP-MS/MS )X FCKRAE 1Y 30 P o R AT
S3AT, IR AR E B, FUHILITREA 19 3UT 0 E
(m/z) i JETIHE, 43 BIEESE H,. O, NHy/He I I/
AR am L FEH CRC H g SN b R T 3 o 3, A
HER AT ROK T 30 AR e R BRIk
1 MR5RE%
1.1 MRS

1000 pg/mL (4 Ca. P. S, Zn. Cu. Fe. Mn. K.
Mg. Na., Ge. Sb., Ba, Ti. V. Se. As. Sr. Mo. Ni,
Co. Cr, Al, Li, Cs. Pb, Cd. B, In, Sn HRAEN 5%
W AR AER SRS s AEAR (BV-TTD  dbEtfk
2 WE S T A BR T2 )tk A BHR Y
18.2 MQ-cm; KoK W THET, J=Ha BV, |
L TIEEE

8900 ICP-MS/MS  2& [E Agilent 4\ & ; Milli-
Q MBalisk#¥lL 2 Millipore 4\ Hl; MARS7 540 1%

A 35ZE-CEM itk b ED AR .ty BHW-
09C fHE MN# AT i iH b2~ Bl 5 A R 7l
ME203E 53Hr KA (T2 —)  FREFIMRLEEE
AEE)HRRA T

1.2 SEWHE

1.2.1 SEES Akl ERHRZMREH 1 pg/mL
FITEIEIE (& J0E Li. Y. Co. Tl. Ge. Mg) Xt A [EHY
SN RIAT IR . A RERER . L TR
] Jo 2 75 38 B SE PR R R B e B A 10% U4 S S 75
IR F TG EE G 5 S B fef U 75 T3 31 B {1,
TSR SRR B T A e PR BB R 3L

1.2.2 JERETH MR LA 5% BUBHER A5 435
B il 500 pg/L B4 Ca. P, S. Zn., Cu. Fe. Mn. K.
Mg, Na iR & PR HEVE WA 50 pg/L /9 Ge. Sb., Ba,
Ti. V. Se. As. Sr. Mo. Ni, Co. Cr. Al Li, Cs .
Pb. Cd. B. In. Sn IR G HRHEH, 15X 30 Fon
AR UETE RSy IIHE 5 RS IR N < RIRECTR, G
T Q, Ml Q, #E4T BTG4 M, LA S Ak
(BEC) FIK; H B (DL) B A A AR, 43 530 %) bb—
SEHEE N Y BEC. DL {8, BEC. DL #i/]s, AL
KT BRETPeati/)y, BEC. DL A% Es [ shit&
g5, AN IR DT E TR TOC & ot
Lh i

1.2.3 WG EREPE SR HERIESL R HEPE*Sc.
Y. '“Rh. *”Bi HNFRICE (ISTD), WARIGRIRG
FRUEBE W MR 7 R Sc(50 ng/L) . Bi(10 pg/L) . Rh
(20 pg/L) . Y(50 pg/L) I 5% FIAEMIR A A Bk B
WA, FEOLARSCEG 55 T T ISTD Foue MEss, 4
SEPEZS RS 10 h, FHLIESR ISTD 5 5 IR ETE
1.2.4 MHEMRLR SKEHBR DL 5% AYRNER A 54y
SIECHIMEEE A 0L 1, 10, 50, 100, 500, 1000 pg/L %
HI| {5 JLZE Ca. P. S. Zn. Cu, Fe, Mn, K, Mg,
Na B9 7R & Fr B W A1 0. 0.1, 1. 10, 20, 50,
100 pg/L R FNFMITE Ge. Sb. Ba, Ti, V. Se. As,
Sr. Mo. Ni. Co. Cr. Al. Li,. Cs. Pb, Cd. B. In.
Sn IR PRE I . _EALEEST AT R, 46 H R
FRAES FL i g .

1.2.5 HEESEEM BT 2BRIES TS bR
TSR I UER R, SR TR GRS RO RO
AT IOAR BRI, e P HETZR Y PRI B T
Inkre LA 5% MRS IR S A 51 43 0 Bd #1100 pg/L 1)
Ca. P. S. Zn. Cu. Fe. Mn. K. Mg. Na iIB&SHRIUER
WA 20 ug/L 19 Ge. Sb, Ba, Ti. V. Se. As, Sr.
Mo, Ni., Co. Cr. Al, Li, Cs . Pb, Cd. B. In, SniRE
BARUEVS I . FFiX 30 FhOCE AOIR & bR vE B W AE
1.2.3 RSG5 T U AR EISCR A 5, 5552 )
A 11 IR, MEAHXTPRER 22 (RSD){E .

1.2.6 FESSTHT  AETRFREL 0.5 gORE#fA 2 0.001 g)
YIEPBE IS I T 75 mL P isAdaET, I 5 mL
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S PR, $22 IR 1 20 BRI MR ), Y2 H1 )5 BHS T fi
I, ZEE RIS T 100 °C EEE 10~15 min, ¥4
WAL 22 50 mL M2 RO, FHZKE 25 28 21 5 )
T9RE SR, R OERE 2 1 AR LR P Se.
Y. Bi. Rh WARIJCER IR G ARHEEBOINA S E AL
oS RN

T BABETEAALE) AR

Table 1 Operating conditions of microwave digestion

apparatus
(352 J€Ft(min) BRec) {445 (min) YIF(W)
LHE— 6 120 3 1500
P - 8 160 6 1500
HHE= 10 180 30 1500
1.3 HIELIE

FI A 2SR AL B MassHunter 44, LA T
JLE 5 WNARICE IS EEXTPR AR R e 3 [ sh
SEARUERN SR, PNTTAS S ST ARE S R R G2 5 1
2 RS9
2.1 FEFEHHIEE

7. 89. 205 4R ERR . . EITEL, TN
REAE 4524 5000, 10000, 5000 cps/(pg-L), MFSHY
ni) )37 {EL 43931 A 88620, 350376, 177783 cps/(ug-L),
e )3 AL 14) RS B W] 1B AL 5 10% U 8 H5 B AE 0.5~
0.6 aum 2 [a], PMFFIX =BT EELNT 10% U5 5 5351
A 0.570. 0.517., 0.594 aum, ¥JIKE] 10% 75 B TE;
ALY B SR EE 3R A 0.880% Fil 1.547%, A L4
FHe XA ff TP/ INT 2%, T B ik B AK;
RF ) 3 (%) /Nt 52 i 435 S B4, AR 552 56 I8 1 s 19
RF A 1550 W, FFAZ T S s &5 e s
ICP-MS/MS MHAESAFILER 2.

#2 ICP-MS/MS M TAESA
Table 2 Operating conditions of ICP-MS/MS

RS H WA
RFIIH(W) 1550
B TR E(L-min ™) 15.0
AMESE (L min ") 0.0
A (L-min™) 0.9
RFEVREE (mm) 8
ZEECC) 2
iigiiyicta SQ MS/MS

A A NoGas He H, O, NH;,(He)

N GR LAY -80 -18 -18 -3 -5

A HE (mL-min™) / 5 7 45 45(1)

H: AJR3hQ, R 31Q,, QUM & Fig 4Tl i, #4ICP-QMS, fifR
SQIE; A 31Q, MIQ,, iFRMS/MSH; F3[F .,

22 FREFHAKERR
ICP-MS/MS J&7E 7 hilf 45/ )2 7 il (CRC) 3 5. Py

RBAT LA 3G — S PURRAT SR AT, JEROos s
PR AT o WA B — S VIR AT B S B

(Q) MyJBEfar Lk (m/z) , AN AeVF HARES F#E A CRC 7,
X2 BT LK R i e FRHAEAE S . 3 A
CRC MW/, 1 i 186 w0 A im g, 22 B0 3 55 7F
CRC PIMA S (H,. O, « NH) i Tl el st
W) 5 RN KA ROV, SEERS R AL, R I N ST
PR H T SR R 22, BT CRC JEAYEE 2k
VOB AT BT 5 532 ( Q) FA B fr bb (my/z) YRR T4 PR
A B B SRR A R S R AN R = T R TR R
TIN5 BT ICER W R . A PUARFT i 2 an il 1
s

Q CRC Q
— H, He | 1
| NH; O, ]
RE/R At T
Bl 1 75 MS/MS #R TR ICP-MS/MS R BiE T4 0 1.
Vil

Fig.1 Schematic representation of eliminating spectral
interference by ICP-MS/MS in the MS/MS mode

FTF ICP-MS/MS JHBRTPLRIBRE ST, A Ta i
AR TR e R RN R TIE, 375 SQ A=K
(A3 Q, HURsh Q,, Q, (M ES Tz TiliE, 1H
4 ICP-QMS) T Ay gh IR EATXT L% 8% 30 P FFloc
% BEC #1 DL 7284k, 5 R 0Lk 3.

M 3 FTLIE L, 78 SQ MTEAUIRET, 4 Cd.
Sb. Pb iX 3 #150Z ¥ BEC I DL 4t Tk .
BRI 3 Fron R IS TP Gk, r L. 2%
Rt #E MS/MS Bz Fl He flf f#E A% 2~ BEC #ll
DL JZAE K, AT CRC XFF XL THILE
A 28 S AN FI Y, B e AR S 56 X T Cd. Sb. Pb iX
3 FIETPICE R SQ MITTAME=NA T, A< ik
5w T bb (m/z) 43 51 IR B Q,=111, Q=121,
Q,=208; %I F Sn Fl Cu, He #iz\Y BEC 1 DL 4b
FRARAKF, BCERH SQ B He A=A T2, m/z 43
HEEE Q,=118,Q,=63,

= MS/MS B30T 2R H, B Y ASET, AL
Ge. In, Sr. Se. Zn. Na., Mn i) BEC # DL ¥J/NF
ToSAEFHN He WA, FRBHFFE CRC XX
JTCE MYIIE AR, A T8 TR X
F Ge JLEMTPLICE NZn F17*Se; In JLE YT
JG & S 'PCd F'PSn; Srot E 1 T kot | S MKr.
“Kr FII*’Rb; Se JTLER U THLICE N Ge F17°Ge; Zn JT
E M T P56 £ N °Ge., BT LU FE MS/MS # = R
m/z 53 5 % B Q,=Q,=27, Q,=Q,=72, Q,=Q,=115,
Q,=Q,=88, Q;=Q,=78, Q,;=Q,=66, Q,=Q,=23,
Q,=Q,=55, £&ik Q, 1 CRC Hij I #EA 7T — WK I e i &
FAH W, JRA B R el 5E e R T, mixt T
In JTE M T2 K ""*Sn, 1H Sn B9 T-PLFL I IE &
/N, AT LA BEANTHEE R FH TP B 515 o

O, fEN—F RN A HeS 2R E T R AR, A
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Table 3 Background equivalent concentration and detection limit obtained for different mass mode
ElvES (52 RS, DL(mg/kg) BEC(mg/kg) EEES [T 5z KR, DL(mg/kg) BEC(mg/kg)
Li SQ TS 0.00321 0.0116 205pp SQ TA 0.0148 0.0561
SQ He 0.0726 0.0139 SQ He 0.0192 0.0527
MS/MS NH, 0.00214 0.00808 MS/MS NH, 0.0211 0.0591
As SQ A 0.0191 0.0584 g SQ A 669 1.21x10°
SQ He 0.0533 0.0469 SQ He 651 6.13x10°
MS/MS 0, 0.0179 0.0456 MS/MS 0, 1.40 15.1
YAl SQ TS 1.74 12.0 115gn SQ Pl 0.00702 0.0280
SQ He 1.61 11.9 SQ He 0.00565 0.0267
MS/MS H, 0.987 10.9 MS/MS H, 0.00818 0.0271
“Mg SQ A 0.278 1.41 58Sy SQ il 0.00376 0.0438
SQ He 0.264 1.11 SQ He 0.00346 0.0439
MS/MS NH, 0.0512 0.645 MS/MS H, 0.00333 0.0437
B SQ TS 0.139 1.09 121Sh SQ T 0.00277 0.00267
SQ He 1.86 1.23 SQ He 0.00331 0.00399
MS/MS NH, 0.159 0.941 MS/MS H, 0.00348 0.00277
1¥7Ba SQ Pt 0.00999 0.0637 Se SQ Pt 0.511 10.5
SQ He 0.0240 0.0836 SQ He 0.311 0.239
MS/MS NH, 0.0127 0.0702 MS/MS H, 0.0167 0.00321
2Cr SQ bt 0.0307 0.284 Fe SQ T 3.69 82.5
SQ He 0.0137 0.0485 SQ He 0.203 121
MS/MS 0, 0.0130 0.0470 MS/MS NH, 0.0380 0.486
Med SQ I 0.00167 0.00212 1Ty SQ TS 0.0101 0.0853
SQ He 0.00279 0.000536 SQ He 0.0683 0.0930
MS/MS H, 0.00315 0.00528 MS/MS 0, 0.0174 0.0381
“Co SQ A 0.000284 0.00269 Sty SQ I 0.0307 0.0656
SQ He 0.00324 0.00163 SQ He 0.0221 0.0503
MS/MS NH, 0.00251 0.00127 MS/MS 0, 0.0104 0.0258
SCu SQ et 0.0804 0.550 *Zn SQ TR 3.69 82.5
SQ He 0.0178 0.275 SQ He 0.0798 0.536
MS/MS NH, 0.0319 0.487 MS/MS H, 0.0693 0.438
1BCs SQ v 0.00148 0.00107 SONj SQ IR 0.0229 0.0878
SQ He 0.00263 0.00101 SQ He 0.0314 0.172
MS/MS 0, 0.000752 0.00169 MS/MS NH, 0.144 0.0830
“Ca SQ P 5.85 56.2 2Na SQ pra 8.25 56.0
SQ He 7.36 102 SQ He 245 52.5
MS/MS NH, 0.905 4.84 MS/MS H, 232 51.0
"Ge SQ et 0.0161 0.0661 3p SQ et 3.10 44.6
SQ He 0.0256 0.0723 SQ He 420 148
MS/MS H, 0.00234 0.000451 MS/MS 0, 0.0804 1.03
S SQ TS 0.000289 0.0000957 SMn SQ T 0.0150 0.0894
SQ He 0.000895 0.000344 SQ He 0.00860 0.0321
MS/MS H, 0.000251 0.0000483 MS/MS H, 0.00138 0.0289
¥K SQ prat 11.9 131 Mo SQ Pl 0.00261 0.00259
SQ He 17.7 56.2 SQ He 0.00529 0.00338
MS/MS 0, 0.395 7.30 MS/MS NH, 0.00180 0.00117

2% 3 A DAFE I, £ MS/MS #20F P. S, V. As. Cr.
Ti Y685 O, H AN A BEE AT, Al AR
SN T4, BEC A1 DL Y4530 W ok, %t T
Cr LR M THLICE F°°Ti. OV F1*°Fe; X F K I EH
BTG E A Ar FI1*°Ca; X T V SR THOUE RN
OTi F1°°Cr ; %} F Ti JeR M THLICE R*Ca F1*¥Ca;
Pk 7E MS/MS 58 R vz 43 5l i B Q=30/Q,
=47, Q,=32/Q,=48, Q,=51/Q,=67, Q,=75/Q,=91,
Q,=52/Q,=68, Q,=47/Q,=63, ¥ P". S, V', As',

Cr'5 Ti' e A s ALy, R O, Biia A1k A T
ME . BT Csf KA 0, A&k, FrLA
7E MS/MS B my/z 43 5 i B Q=Q,=133, Q=
Q,=39, FJH O, JFfL BT EIHER T .

NH, il A—ER=AY He SAMENE W, 55
)@ B IR A S ), S S TE R R A T
Pr. RXEIRS T 1 mL/min (9 He <. X TIo%
B. Ba, Fe. Co. Ni, Ca, Mo, Li. Mg ) BEC #l1 DL
PpAg 2] L GE R TS 2EER . BT Ba'. Ca'.
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Mo". Li". Mg #J A5 NH; &4 W IE A% & 1,
X} Ba JLE M THRIGE R 7Xe 17 Xe; X T Fe Ju
ZHTPLICE N ¥Cr FI%NI; X T Ni JeE Tt
2 M5 Zn F1%¥Fe; XFF Ca ez TP I03E N °Cr; %
T Mo JTER W TP IC K A Ru F1°°Zr; JF AAS 5
m/z 53 5l B B Q,=Q,=137, Q,=Q,=44, Q,=Q,=95,
Q,=Q,=7, Q,=Q,=24, F| FH NH, JFAv 5T & 1% H Bk T
PLHEATIE; M) B, Fe'. Co'. Cu’. Ni'fig'5 NH3
KM OV W 22 il AL s 5, T HL AT S 1 'BNH
(" NH;),*" . **Fe('" NH;),*", *Co('* NH;),>". “Cu
(" NH,),*" . Ni(14NH3)3 BT JC T4 H.&g 7 EERE
SO A I e B R, BRI AR I B XS T B, Fe'. Co'.
Cu™ 1 Ni'fy Ml 2 , m/z 43 5l i B Q,=11/Q,=60,
Q,=56/Q,=90, Q,=59/Q,=93, Q,=63/Q,=97, Q1=60/
Q2=94 FIH] NH, Bim 5B IEH R T
23 REMZSKHHR

2 4 g5 30 PonE LM R RAF, MH2C
FELR*=0.9991., i FREFE R — T IL S e E
FKSF I, Geagier 1B I 4 J0T ) e/ N BE Bl e /N T
B N R R, R A BT, R L BR Ak
o K BRIETT A RBUE R & RIS 1605, s
PENAHRPERE M M I i B R AR I bR . AN ilEe:

# 4 REMLESHESHHR
Table 4 The allocation of internal standard element and the
detection limit

JLE Whs AMTERE (g L) HXRE(RY) BHR(mgkg™)
K Sc 0.0~1000 1.0000 0.395
Al Sc 0.0~100 0.9993 0.987
B Sc 0.0~100 0.9995 0.159

Mg Sc 0.0~1000 0.9996 0.0512
Na Sc 0.0~1000 0.9997 232
P Sc 0.0~1000 1.0000 0.0804
Zn Sc 0.0~1000 1.0000 0.0693
Ca Sc 0.0~1000 0.9998 0.905
Li Sc 0.0~100 0.9999 0.00214
Mn Sc 0.0~1000 0.9997 0.00138
S ScO 0.0~1000 0.9998 1.40
Cr ScO 0.0~100 0.9999 0.0130
Ti ScO 0.0~100 0.9999 0.0174
\% ScO 0.0~100 1.0000 0.0104
Co Sc(NH;), 0.0~100 0.9988 0.00251
Cu Sc(NHy), 0.0~1000 0.9997 0.0319
Ni  Sc(NH;), 0.0~100 0.9992 0.144
Fe Sc(NH;), 0.0~1000 1.0000 0.0380
Pb Bi 0.0~100 0.9996 0.0148
Mo  YNH; 0.0~100 0.9999 0.00180
Ge Y 0.0~100 0.9993 0.00234
Sr Y 0.0~100 1.0000 0.00333
Se Y 0.0~100 1.0000 0.0167
As YO 0.0~100 1.0000 0.0179
Cs Rh 0.0~100 0.9999 0.000752
Ba Rh 0.0~100 0.9991 0.0127
Sn Rh 0.0~100 0.9998 0.00702
Sb Rh 0.0~100 0.9997 0.00277
cd Rh 0.0~100 0.9996 0.00167
In Rh 0.0~100 0.9999 0.000251

A TEE IR B A 0.000251~2.322 mg/kg.

BEPES Sc. ¥ Y. ' Rh, 2 Bi HPFRIGEASTD),
SEARPERE S AN E A IZOTER, FRANTTER S5 NPRTT R A
FBE TR T AT, HAEEBEAAER . 5
SFHTOCER B iR UT . ALSERRIEAR AR Dy P ATk
PE. X 4 FRNPROCERMDE TR, . /N EATTE e
VEE, H A S AR E SR TR AT o
24 HMESESM

2% 5P T A TR I INFREE SR, 11 IREL 4y
T B4 I Ag [B] AR A 95.50%~104.35% Z [8], RSD <
4.03%, AR TS, B RSESE M.

5 AREES B IER EDCAR S R M (n=11)
Table 5 The spike recovery and reproducibility of the spiked
sample (n=11)

JLERE AR (gL WEM (e L) RSD(%)  [HEE(%)
K 100 102.44+11.30 3.79 102.4
Al 20 19.2241.30 2.67 96.1
B 20 20.05+0.23 3.01 100.2
Mg 100 95.50+11.28 2.19 95.5
Na 100 97.34+12.84 3.12 97.3
P 100 103.00+8.05 3.94 103.0
Zn 100 96.60+1.16 1.55 96.6
Ca 100 104.21+13.65 2.03 104.2
Li 20 19.16+1.65 2.44 95.8
Mn 100 101.62+5.12 1.81 101.6
S 100 95.6349.14 2.11 95.6
Cr 20 19.76+0.13 1.56 98.8
Ti 20 20.12+0.12 1.78 100.6
v 20 20.24+1.19 2.02 101.2
Co 20 19.56+0.71 2.56 97.8
Cu 100 99.40+6.62 3.07 99.4
Ni 20 20.73+0.12 1.94 103.7
Fe 100 102.06+9.62 1.66 102.1
Pb 20 19.64+1.02 2.68 98.2
Mo 20 19.30+1.35 3.45 96.5
Ge 20 20.09+0.72 4.03 100.4
Sr 20 19.61+0.22 2.56 99.2
Se 20 19.8543.18 3.01 104.4
As 20 20.71+2.01 2.64 103.6
Cs 20 20.17+2.19 1.59 100.9
Ba 20 20.19+1.07 2.06 100.9
Sn 20 19.59+2.13 1.56 97.9
Sb 20 19.64+2.02 245 98.2
Cd 20 19.86+1.99 3.01 99.3
In 20 20.87+0.93 1.36 104.4

2.5 MmO

Sy %R B PYAS [A] -l X 45 R T B9 KoK B T
M, R KRR E A ME 3 K., 2 6 M 5 Fh kK
) PL S, K. Mg & 535, ME4EILER Cr. As,
Cd. Pb &b FEARAK, KT E EbnER i, 575 GB
2762-201 7B L EEGAMEE S IS YRR E .
3 g

AN, T BT HUBHFR A A B FIAR R I T g
AR E I K 30 PR ICR SR k. FE
i P4 0T Ak B G R R B PR, FE MIS/MS BT W]
CRC H435JIMA H,. O, 1 NH;, FIH HIRE F5&
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Table 6 Analytical results of samples
JLHE KKl mgkg™ KK2 mg-kg™ K3 mg-kg™ Fkd mg-kg™! KKsS mg-kg™!

Li — 0.00161+0.03 — — —

B 0.241+0.04 0.501+0.06 0.331+0.01 0.28+0.02 0.0207+0.06
Na 5.04+0.70 24.4+2.10 1.14+0.83 7.28+0.34 2.49+0.66
Mg 55.3+£9.93 74.0+5.12 89.5+6.84 53.7+£8.97 60.8+6.07
Al 0.261+0.11 0.141+0.01 — — —

K 623+19.31 659+25.86 736+8.44 534+10.01 548+23.11
Ca 54.1£0.028 48.3+0.90 49.3+0.56 50.0+1.67 47.9+5.07

P 453+5.86 489+22.33 527+12.45 408+13.67 449+4.16

S 526+4.31 540+6.44 623+9.76 447+10.10 515+15.34
Ti — — — — —

\'% 0.00104+0.27 0.00251+0.18 — 0.0039+0.12 0.00015140.10
Cr 0.0423+4.31 0.524+0.27 — 0.034+0.09 0.0558+0.23
Mn 10.6+0.51 8.42+0.43 9.53+0.025 10.1£1.13 10.4+2.13
Ni 0.105+0.08 0.531+0.60 0.13+0.0060 0.0614+0.50 0.136+0.34
Cu 1.55+0.66 2.31+0.28 3.15+0.0049 1.26+0.32 1.72+0.41
Fe 2.22+0.32 4.79+0.73 2.32+0.0029 1.75+0.37 2.344+0.016
Co 0.00444+0.12 0.0156+0.14 0.00612+0.065 0.00266+0.19 0.00468+0.13
Zn 12.5+0.11 14.8+0.10 11.9+0.043 10.4+0.25 13.6+0.03
Ge 0.000384+0.78 0.000995+0.18 0.00126+0.0011 — 0.000496+0.09
Se 0.0283+0.37 0.0343+0.40 0.0224+0.012 0.0198+0.06 0.0194+0.03
Sr 0.129+0.10 0.128+0.84 0.133+0.059 0.137+0.02 0.0994+0.13
As 0.117+0.99 0.135+0.46 0.112+0.057 0.0929+0.02 0.104+0.83
Mo 0.386+0.17 0.513+0.06 0.461+0.12 0.256+0.10 0.458+0.56
Cd 0.00184+0.18 0.00472+0.49 0.0281+0.0018 0.00816+0.34 0.00467+0.29
In — — — — —

Sn — — — — —

Sb — — — — —

Cs 0.000748+0.12 0.000721+0.39 0.00547+0.11 — —

Ba 0.0473+0.69 0.0546+0.27 0.191+0.65 0.035+0.43 0.0421+0.14
Pb 0.00252+0.18 0.0172+0.15 0.00282+0.16 0.0059+0.29 0.00871+0.14

T T RERK

PR A RS, THER S AT Rl R v i s, JF
IMANPRICR L E S TCR BT E S o 127 IEIES
HFRTE 0.000251~2.322 mg/kg JHEIN . SAR A3
TE 95.50%~104.35% Z [a] , AH X} 5 #E fi 22 RSD <
4.03%. XS SEBR AR HEA T A R T ST Y 5
FPROKH PLS, K Mg &8, BT Cr,
As. Cd. Pb AbFHRARIKN-o AT 1 TR H
AT R FIAERR L S AR, S IOK T Z R IeLidE:
TJLER AT R TR .
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