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 E A EIREMNES BaFT M PIONRELEEEN S R, FE RN BRBEFR TR R, AN ES
1550 W, RAFRJE 2 10 mm, 2 A%k 4 1.05 L/min, FAL £ B E A 2 C, 353 ZIRFE K 0.10 rps, BIFE KX A L, LR F A 4.2 mL/
min, Z5R 48 AU AR BK AR AR EE K PP A BB 4 R e VI B AT AR A B AL B B AT A RS VB e R R 2R
PESE B 2 %) A 10~1 000 ng/mL(7=0.999 9) .0.1~5 ng/mL(#=0.999 9) .0.1~5 ng/mL(=0.999 9) .10~1 000 ng/mL(+=0.999 9)
10~1 000 ng/mL(»=0.999 9) .0.1~5 ng/mL(r=0.999 7) .0.5~100 ng/mL(»=0.999 7) .1~500 ng/mL(7=0.999 8) . 1~100 ng/mL
(r=0.999 7) .0.5~50 ng/mL(»=0.999 9) .0.5~50 ng/mL (=0.999 9) .0.1~10 ng/mL (+=0.999 9) ,0.1~10 ng/mL(r=0.999 9) .
0.1~10 ng/mL(=0.999 9) ,0.1~10 ng/mL (+=0.999 9) . 1~500 ng/mL(=0.999 9) ,0.1~10 ng/mL (+=0.999 9) ,0.1~10 ng/mL
(r=0.999 9) .0.1~10 ng/mL (+=0.999 9) ,0.1~10 ng/mL (+=0.999 8) ,0.1~10 ng/mL(+=0.999 9) .0.1~10 ng/mL(r=0.999 9) .,
0.1~10 ng/mL (+=0.999 9) .0.1~10 ng/mL (+=0.999 9) .0.1~10 ng/mL (+=0.999 9) .0.1~10 ng/mL (»=0.999 8) .0.1~5 ng/mL
(r=0.998 4) .0.1~10 ng/mL(r=0.999 9) .0.5~100 ng/mL(r=0.999 7) .0.1~10 ng/mL(=0.999 9) , & ¥ & <0.44 mg/kg, & FL
<0.11 mg/kg; 455 F A2 F L X34 RSD<10.0% ; At D F % 80.45% ~116.68% (RSD 4 0.47% ~ 5.83% ,n=06), %4
M de ' Mn Ba.Fe Al 0942k &, 4k 7 FRAFME AFEE AR EARE TAT ®aF M P30 RETE
SEHREMNE; M P EEAENSEHLSE ML,

KR aF T ERAREFETHRMER  MELL;SE

Content Determination of 30 Kinds of Microelements in Mallotus apelta from Guangxi by ICP-MS
ZHANG Zan,ZHANG Hui,ZHU Bin(Guangxi Institute for Food and Drug Control, Nanning 530021, China)

ABSTRACT OBJECTIVE: To establish a method for simultaneous determination of 30'kinds of microelements in Mallotus apelta
from Guangxi. METHODS: ICP-MS method was adopted. The radio frequency power was 1 550 W, the sampling depth was 10
mm, the carrier gas velocity was 1.05 L/min, the atomizing chamber temperature was 2 °C, and the peristaltic pump was 0.10 rps.
The collision mode was He, and the gas«flow,rate"was 4.2 mL/min. RESULTS: The linear ranges of aluminum, vanadium, chromi-
um, manganese, iron, nickel, coppery zinc, gallium, arsenic, cadmium, antimony, molybdenum, rubidium, cesium, barium,
lanthanum, cerium, praseodymium, neodymium, europium, gadolinium, dysprosium, holmium, erbium, lutetium, mercury, thal-
lium, lead and_uranium wered0-T 000 ng/mL(»=0.999 9), 0.1-5 ng/mL(»=0.999 9), 0.1-5 ng/mL(#=0.999 9), 10-1 000 ng/mL
(r=0.99919),, 10-1000' ng/mL (#=0.999 9),0.1-5 ng/mL (=0.999 7), 0.5-100 ng/mL (»=0.999 7), 1-500 ng/mL (»=0.999 8),
1-100yng/mL (#=0.999 7),0.5-50 ng/mL(»=0.999 9),0.5-50 ng/mL(»=0.999 9), 0.1-10 ng/mL(»=0.999 9), 0.1-10 ng/mL (=
0.999 9), 0.1-10 ng/mL(7=0.999 9), 0.1-10 ng/mL(»=0.999 9),1-500 ng/mL(»=0.999 9), 0.1-10 ng/mL(»=0.999 9), 0.1-10
ng/mL(+=0.999 9),0.1-10 ng/mL(+=0.999 9), 0.1-10 ng/mL(+=0.999 8), 0.1-10 ng/mL(+=0.999 9),0.1-10 ng/mL(»=0.999 9),
0.1-10 ng/mL(r=0.999 9),0.1-10 ng/mL(»=0.999 9), 0.1-10 ng/mL(#=0.999 9), 0.1-10 ng/mL(=0.999 8), 0.1-5 ng/mL (=
0.998 4),0.1-10 ng/mL(#=0.999 9),0.5-100 ng/mL(#=0.999 7),0.1-10 ng/mL(=0.999 9), respectively. The limits of quantita-
tion were no higher than 0.44 mg/kg, and the limits of detection were no higher than 0.11 mg/kg. RSDs of precision, stability and
reproducibility tests were no more than 10.0%. The recoveries were 80.45%-116.68% (RSD ranged 0.47%-5.83% ,n=6). The con-
tents of Mn, Ba Fe and Al in samples were the highest. CONCLUSIONS: The method is simple, precise, stable and reproduc-
ible, and can be used for simultaneous determination of 30 kinds of microelements in M. apelta from Guangxi. The contents of
harmful elements are in line with national standard.
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8800X %Y ICP-MS ¥ ( 3£ [# Agilent 23 H] ) ; Mul-
tiwave PRO 7 3 357 7 £t A ( B b F1] Anton Paar 23 H] ) 5
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1.2 K5
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JBeAy 2]y JiE Bk B O 10 pg/mL; Mo, Sb. La . Ce . Pr,
Nd.Eu,Gd .Dy .Ho .Er.Lu Hon R bR i (-
Bl WF 58 e, 1540 514 14011, 14051, 13001, 13051 .
1412, 141214031, 14001 , 14001 , 14001, 14001 , 14041,
Mo Sb Jifi & ¥ & : 100 pg/mL, La, Ce.Pr.Nd.Eu.Gd,
Dy .Ho .Er.Lu i : 1 000 ng/mL) ; iz RN
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FERE S A 4.2 mL/min,
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22 BREHEHE
2.2.1 FRUEMIATR RS RV R IR A bR E A A
RN Bk Hg S0 4$ FRLOC R ARE i A A 2, BT 10 mL
SR, 43N 5 9% i R Ve W A T AT VR B 43 R
0.1,0.5.1.2.5.10.,20.50,100.,200.500.1 000 ng/mL
YA BRE S W5 55K % 1 B Hg BROT R AR S %
WA L BT 10 mL S, I 5 9% Gl R VA R B Tk
JE R B R 4351 0.1,0.5. 1,25 ng/mL [ R 51 Hg Rif i
ARl
222 MU MR ANk 29 0.2 g, K % AR
FE BT MR MRS IR 6 mL,IRA), HIEFRE 3 h
J& BT T A FE AR O 4l IET AR 10
min, 800 W {#45 5 min; JEF- 8] 10 min, 1 400 W {45
20 min) AT A%, T AR oG He R i B TR AR
110 CHR 2 h, A 2=, BT 25 mL &, 5%
PRI RE 2, T84T, A
223 AP IRIAW SRZGMAEN  HC2.2.27 TR ik
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15 5 M W AEL ) 1O A5 BR M J 22 (LOSD ) XoJ iy 1) 7T 2R Jo f: v
FEAEAE R PR, DA 2 2 25 I WS 5 i B (B 7Y 3
FEbr iR 22 (3SD) X 1 A9 76 28 i b vk B (B R s I B
LR L,
25 BEELRE

B1.27 T00 T bR o o V5 VR 4518 o, 2.1 T BT
AP SRR AE 6 UK D B TR T AR . 4551,
Al.V.Cr.Mn.Fe.Ni.Cu.Zn.Ga.As.Rb.Mo.Cd.Sb.
Cs.Ba.La.Ce.Pr.Nd.Eu.Gd.Dy.Ho.Er,Lu,Hg.TIl,
Pb. U & 15 S A XT3 B 19 RSD 4351 4y 0.84% . 1.45%
1.37% .1.19% .0.55% .1.54% .1.15% . 0.91% .1.29% .
1.44% .1.32% .1.89% .2.07% .1.94% .2.74% .0.74% .
2.66% .1.54% .2.15% .2.27% .3.14% .2.81% .2.69% .
3.09% .2.92% .3.36% .2.06% .2.75% .0.96% . 2.82%
(n=6) , RIYULHE R B R AT
2.6 REMLE

B 2.2.27 00 N AR T (G5 - S aE &, 430
FEUWR R 0.3.6.9.12.24 h B “2.17 30 i 4514
PR 22 ] S & 15 S AT SR A . 45 5%, ALV . Cr.
Mn.Fe . Ni.Cu.Zn.Ga.As.Rb.Mo.Cd.Sb.Cs.Ba.La.
Ce .Pr.Nd.Eu.Gd.Dy.Ho.Er,Lu,Hg.TI.Pb U & 115
5 A X 58 B 1 RSD 4351 1.6% \1.1% . 1.8% . 1.4%
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Tab 1 Regression equations, linear ranges, quantita-
tion limits and detection limits

B S AR EE IR AR [ R IR 2,
F2 MBI RIXIGER (n=06)
Tab 2 Results of recovery tests(n==6)

SAREH, sk SO 11

fC RRE ng/mL mg/kg mg/kg
Al $=0.002 6x+0.045 3 0999 10~1000 0.0078 0.0023
v y=0.036 5x+8.0326x10™* 0999 0.I~5 0.0043 6.8x10™
Cr y=0.068 8x+0.014 5 09999 0.1~5 0.260 0.056
Mn y=0.048 4x+0.007 9 0999 10~1000 0.110 0.022

Fe y=0.063 3x+0.242 7 0999 10~1000 037 0.11

Ni y=0.038 7x+0.013 7 0997 0.1~5 0.160 0.030

Cu y=0.095 3x+0.013 5 09997 0.5~100 0.045 0.013

Zn y=0.018 7x+0.007 28 09998 1~500 0.040 0.012

Ga $=0.055 4x+0.003 1 09997 1~100 0.009 1 0.0027
As y=0.0149x+35989x10™ 0999 0.5~50 0.0200 0.0043
Rb y=0.086 1x+0.002 5 09999 0.5~50 00110 0.0033
Mo y=0.065 8x+6.846 2 10™* 0999 0.1~10 0.0110 0.002 6
Cd y=0.002 9x+1.501 4x10° 0999 0.1~10 0.0059 0.001 6
Sb y=0.008 1x+1.5855x10° 0999 0.1~10 0.0017 51107
Cs y=0.009 1x+2.765 3% 10°° 0999 0.1~10 0.002 6 58x10°
Ba y=0.001 6x+0.001 1 09999 1~500 044 0.11

La y=0017 6x+7.076 1x10™ 0999 0.1~10 0.002 1 5.7%107
Ce y=0.018 6x+5.1350x10” 0999 0.1~10 0.0019 56x10™
Pr y=0019 5x+13629%10™ 0999 0.1~10 8Ix10™  24x10™
Nd y=0.003 6x+3.793 4x10°° 09998 0.1~10 25x10° 75x10°
Eu y=0.011 6x+4.2432x107 0999 0.1~10 67x107°  20x107
Gd y=0.004 2c+1.698 4 x10”° 0999 0.1~10 23x10 55x10°
Dy y=169 180.693 8x+37.043 3 0999 0.1~10 0.001 4 38x10°
Ho y=0023 4x+8.256 3% 10°° 09999 0.1~10 16x10*  47x10°
Er 3=0.007 9x+3.516 5% 10°° 0999 0.1~10 37x107 79107
Lu y=0.018 9x+0.006 2 0998 0.1~10 0.003 6 0.001 1
Hg y=0.002 5x+12151x10°° 09984 0.I~5 0.006 4 0.001'5
Tl y=0022 3x+2.608 3% 10°° 09999 0.1~10 26x107 42x10°°
Pb $=0.007 9x+0.001 2 09997 0.5~100 0.140 0.021

U y=0.027 9+3218 7x10”° 0999 T 0dax10 0.001°L 26107

1.2% . 1.4% . 1.0% 1.5% {1.8% .2.1% .1.6% .2.4% .
1.5% .1.9% 2.1% \0,9%s. 10% . 1.3% .1.8% .1.2% .
1.7% W.6%\ N% . 1.9% 15% .2.4% . 1.7% .1.9% .
0.99%N2.5% (n=6) , Fe B T W = TR 24 h g3
AFGRE
2.7 ESMHIAW

K& PRI M AR (4 - ST TG &, 40 “2.2.27 T
D7 A AR S, A 6 40y, AR 2.1 I S Ak A
PRI 22, 0 58 B F15 S AT SR . 45 5%, ALV . Cr.
Mn . Fe Ni,Cu.Zn.Ga,As .Rb.Mo.Cd.Sb.Cs.Ba.La,
Ce.Pr.Nd.Eu.Gd.Dy.Ho.Er.Lu.Hg.Tl.Pb .U & 115
S A X 55 ) RSD 4351 R 3.2% . 3.4% .6.5% .1.0%
34% 1.3% .09% .1.4% 1.5% .2.7% .2.0% .1.5% .
1.4% .3.8% .5.7% 1.2% 1.2% . 1.7% .2.3% .1.8% .
2.6% .2.2% . 1.3% .3.2% 1.7% .9.5% .2.4% .2.6% .
1.0% .10.0% (n=6) , REIA T IEHEE R
2.8 INEFE R

A G MFES (S5 S IE &, 2L 6 43, 531l
P — € T RFIN T Z AR HE S VAR, 4% 2.2.27 R J5 it
B T, 2.1 TR TR S R 5 L 38 5%
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fhibiE TEERICR, % T mEERIRR, % RSD, %
Al 80.45~84.40 8341 1.86
v 91.85~96.68 939 206
Cr 08.32~105.27 10211 294
Mn 85.05~9037 8734 204
Fe 89.28~103.52 94.05 583
Ni 101.46~114.27 10947 431
Cu 81.75~87.28 83.90 231
In 91.75~97.77 9441 257
Ga 98.25~105.12 100.79 291
As 95.25~107.01 10205 449
Rb 96.55~106.29 10105 374
Mo 08.54~101.74 100.09 132
cd 92.29~9491 93.02 1.19
sh 83.52~91.00 86.05 35
Gs §0.92~86.95 8321 310
Ba 110.85~116.68 11341 240
L 98.80~102.34 101.19 136
Ce 9791~106.30 103.03 316
Pr 9821~10143 99.87 110
Nd 9728~100.87 99.26 137
Eu 99.10~10051 9.75 051
Gd 97.69~98.72 98,11 047
Dy 100.59~102.77 101.60 097
Ho 95.62~96.90 9603 048
Er 9497~96,59 9541 071
Lu 97,06~ 9884 9777 081
Hg 85.26~95.49 89.42 43
il 99.03~10031 99,51 058
b 85.40~96.42 93.68 440
U 98.17~100.59 99.18 1.00

29 AMHERPHETENSENE

B2 RE A3 o, 3 e 2.2 27 R vkl A5 it
AR R, % 2.1 R B S AR e SR B
F S AR BE IR 2GR i 30 R MR T R 0
RS,
3 Tt

2015 4F R € HP ] 24 3L )R 2 PR 4 % il 700 8 1
ZRAAA TR YT FR 2 b i 5 R ST R il E TR
FEBRAE, 4350 A - Pb A 453 5 mg/kg, Cd A 15 2L 0.3
mg/kg, As AFid 2 mg/kg, Hg A5t 0.2 mg/kg, Cu A5
it 20 mg/kg. Z53HT, 1 M2 A RE A TR 5 R R T
RIFE EZ bR, & ITE R ER e —F LR, 3%
WRZ 2 a4 o TEFRIE, P2 M BR DL b 5 R oo R
Ab HAR GG TTR RS E B ZbniE . (H ik Thtet
T TG R A B FEE A RIAE T DL RO 25 it B MY
SO, ] FDA R A5 il BOR 8™ 4% , 2014 42 FF 1 NF30
TR S5 [ 245 MUY 55— 1 I W P A T 3R 2% SR 8 DR
TR R TR A R, BA BT i 50 kg I A BEH
PR 55 RO Fei/F 2t , 40 Cu 43512k 1 000,100,
70, Ni 43514 500,50, 1.5 pg, Mo 43l &y 100, 10,250, V
433124 100, 10,30 pg™s
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x3 HMERPRETLRENEL R (n=3, mg/kg)
Tab 3 Determination of trace elements in samples

(n=3, mg/kg)

fslcE sl )

Al 617002 307.039 6
v 00976 06328
Cr 06458 25786
Mn 10507408 10394706
Fe 946622 480756
Ni 21170 26272
Cu 70148 9766 2
In 316916 467050
Ga 11701 6 76710
As 0.0858 05314
Rb 129230 12,5998
Mo 00238 01830
cd 0.0353 00708
) 0.0317 0059 4
Cs 00430 0.0994
Ba 1175133 71803 6
La 07160 03218
Ce 15584 06340
Pr 01078 00662
Nd 03976 02546
Eu 00298 00214
Gd 0.066 4 00486
Dy 0.003 4 0.0028
Ho 00076 0.0056
Er 00194 00144
Lu 00019 0.0018
Hg 00590 0.0626
il 00177 00194
Pb 24176 24606
U 0.0004 0.0007

AR 85 B it ez O, P s - ol
JLE M La,Ce.Pr.Nd.Eu, &+ & LK} Gd.Dy.
Ho \Er. Lue, W& NG00, 7 e 2 e 3%
T AN IR v F 9 SR B LG R L Sh i R A
SR EEN, R A Y T T IR, B
e TR T, BELUT A 3 1 | a0 T 5 e A A (R v 2
) 0 5, 2 B Wtk A AR I fid B 7 A e 1
I, 6 LR TR S T R H 2R

TR TR ST P25 AR LAY, T RE R SR 41 81
SR B AL 4y, o nT BE S P 25 b & 25 AT RO
A3 AT, AT 2GR AR S R R R A 5 FPOC R
24 Mn (1 045.1 mg/kg) >Fe (261.4 mg/kg) >Al (184.4
mg/kg) >Ba(97.7 mg/kg) >Zn(39.2 mg/kg) . HuAfy A
1. = H R R S SR 2R 8 Rk i 2
i S R G R 43500 Mn(97.351 6~719.162 1
mg/kg) . Fe (181.243 8~1 182.198 0 mg/kg) . Zn
(17.552 0~51.550 0 mg/kg)"", A4RAE MM A e
OE M R I IR TR IR RO h 25k
H1,Zn Mn . Fe Fri i@, # HEATHUG 254, 1k
I35 PR B L Ik 25 Y Mn 2 B SR L A
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146.9.130.9.125.4 mg/kg™,
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RUFATHEI, TH A 1 25 58 T RS TR A PR - WUAEK (621,
VIV) FEER-ERER (421, VIV, T8 5 TR T V8 1 i3 WA G
UUVE, ril A i oo 25 ICH B 22 5, iRl (L qE
HAHRR T/ IN, LSk RS R AE k9 AR

W B Ny R Y TR G ) B S Wk N
PELE, AT T 78 8 2404 30 R e R 5 =[]
BN AE 5 250 oA TR 0 B AT B SO AR T
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