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o E: BeY A B E S s TR R EN MG B ALl As. B, Ba, Cd. Cr, Cu, Fe, Hg. Mn,
Ni, Pb, Se. Sn, Sr. Ti, Zn, Sb I8 FCR T HMAMTIrik. F55E  RITHIEREE S5 B BT ki i il
TR LARAELR AR E, A SRR BR T, SO0 TARMETEE . R B R iR, B8R %
IS 10 ~ 100 pg/L, ¥ HIBRA 0.0001 ~ 0.4202 pg/L, FEE S 83.0% ~ 107.4%, AR HE 2 N
0.61% ~3.62%. 45 1ZJ 7k P, WERG, 15 TR R b 2 R0 R R R E

KT HUEEE G R IR ORI R, ERNFRIIE; MR 2ROt

Determination of 18 elements in citrus peel by inductively coupled plasma
mass spectrometry

YAN Li-Yi', ZHENG Li-Si

(Jiangmen Food Inspection Institute, Jiangmen 529000, China)

ABSTRACT: Objective To establish a method for the determination of 18 metal elements including Al. As. B.
Ba, Cd. Cr, Cu. Fe, Hg. Mn, Ni, Pb, Se. Sn., Sr. Ti. Zn. Sb in citrus peel by inductively coupled plasma
mass spectrometry. Methods Through microwave digestion and on-line internal standard correction by inductively
coupled plasma mass spectrometry. The interference by built-in kinetic energy discrimination mode was eliminated.
The linear range, detection limit, precision and recovery rate were verified. Result The linear range of the method
was 10-100 pg/L, the detection limit was 0.0001-0.4202 ng/L, the rate of recovery was 83.0%—107.4%, and the
relative standard deviation was 0.61%-3.62%. Conclusion This method is simple, rapid and accurate, which is
suitable for the simultaneous determination of multiple elements in citrus peel.

KEY WORDS: inductively coupled plasma mass spectrometry; microwave digestion; online internal standard

correction; citrus peel; multiple elements
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(inductively coupled plasma mass spectrometer, ICP-MS)
A AR TGS | A7 B RO AR
FHIEIEE TR R X R OT R I TIE, ETR
ABR, SRR L IAER I AT 2, R 55 B IR T
T2 0 L SRR 1 45 - AR S TR A T LA R AT 200 R
DSE, (HRTH LS noR R AR, ASWFFE R i B &
S5 ORISR R XTI b 7 P AR B rP i 18 R OC R AT
5, VAR EZ R 18 MG I ICP-MS 5E Tk, LI
A EE Y 18 FhOCER & I E i 2%

1 MR5ERZE

1.1 UE5EE

iCAP RQ T H B 5 45 2 1A BT i A (52 [EI B R et
IRBHA B2 FD); ETHOS UP RURREH fif X (KA 22 /K
Wrid 22 F]); Milli-Q Reference #8407k b Bl R 55 (35 [ 4% PILH
23 F]); XL-280B Z2 I REMMFEHL K R /NS AT BR 2 Al ) o
1.2 #MR5iRF

FEdh: T _EAE 7 G, BUZ T

R AYIR(=65%, Zriral, bilg2eith s iRhR B0y
HBRAT]); GNM-M225022-2013 1B S FRUER (AL As. B,
Ba, Cd. Cr, Cu, Fe, Hg. Mn, Ni, Pb, Se. Sn, Sr,
Ti. Zn. Sb, R 100 pg/mL). EFIELIR 15%. A5MR
5% . JEEEH R . GNM-M032451-2013 NHRPRIEE R (Be
Bi. In, ¥ 100 pg/mL). ERIRNER 12% ., REhR(ER
A4 ) K F R RN B ), b o R 4K R
Milli-Q Reference #AZIKANIE RGEHITT; 30%qid E LA (5
Mrag, IR ).
1.3 FEeHlmEsiR
1.3.1  Z 5 RA AR A B IR A BLb)

T £ B — 7 PR R I VR B A v A VR A R, AR
Iy ECR 2% FRTC T BUARE AR BRI, T AL, As.
B. Ba, Cd. Cr, Cu, Fe, Hg. Mn, Ni, Pb., Se. Sn,
Sr. Ti. Zn. Sb Bk EFH 10, 20, 40, 60, 80. 100 pg/L.
132 PARARAE AR 84 B

TR St T — 7 R R PO B s 3 TR A 5 VR, PR R
IYBON 2% MR R 50 ng/L bnvE AR
1.4 #HmE

Se H 2 TR M R ML R R RE S,V TR BRORE AR
0.2000 g FPUIKZHmTHARGES, A 8 mL f§MRA | mL
30%qd EALEL, FHE 10 min, K5O T ASCRE P T 1 o L
P ARASRAER: 12 A0 AR E, DA 0 °CTHR B 125 °C, faxE
5 min, ZR/FFHEE] 180 °C, FoUE 10 min EIHMLEH . FF
MM RERH, #BE 100 mL a5 T, FIBaiKE
o IR RES (505

1.5 {UE|&H

MANAR L2 R BRI, i IR B, Jext
ARG AT, TR R TR B AR A5 TR AR, (H4Y
PR . F AR SOBH faf S5 A5 i bRk B E R . )
A e SHANE 1,

F 1 iCAPRQ Z! ICP MS M ENFSH
Table 1 iCAP RQ type ICP MS measuring instrument

parameters
24 ol 24 il
RE RIS 1550 W R 0.8 L/min
FERE 2.6 °C ZA A= 1.0 L/min
BHAFE 14 L/min Ui eeding | 0.01 s
IESN IR 40.0 /min RN L (He) 4.9 mL/min
1.6 EBTERREMNES’

ez VM. RIVIRA AR BORAE S R IR R R 1
9 TAES RO 0 2 2P 20 3 A ICP-MS IZE, 7EZR
T N ARER WA A AR AL IE, AARIBAE S R A i 5
SUEM 1 R TARREEF Qtegra TR, 2
TIARIEZE, THARERL TR IR A LR S .

2 HER5SH

2.1 RURIHBRERGIIERE

A Sz i A AT Ak FER 41 R P A8 I8t T S A Vs o,
Pk AT PR s P EARE R Y B e AR S 4 R
TETH A 1 R v A g ARl TS e i T REME A S 1 AR
TH AR AE H R RN R | o5 AR AN A8 S A i AL R A i A
. BEdh P A A B VI MO A, AR B
TR T % T RE 22 5 | AR R B B T e A A, TR I A A T
FRBTEE S P AR RIR U . SO0 E A T LA i
2, HILIERE 8 mL ABERAN 1 mL i FAL SN AERTAL BRA A

®2 FRIFHETHRALEERS

Table 2 Sample pretreatment status under different conditions

5 mL f§fR+1 8 mL fifiR+1

WER SmLASKR 8 mL MM mL it S S mL i S
iH F YEL YK S Al i S e ik o
MR mwsr wmor wRor EasY
BHCRZS

22 FHAYHERER

fE ICP-MS WErh, FEAELE 2 KT Bk TH
i T4, F R [ FE S LR R R Y T R NS
TR RS T2, BT 4 ()&
SMET, QZEFEFT; QOFBET @OMESR
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s 14 S)MHLAT B . JAEFRE TP Rk LA
BN, WRTIENE R KREFENT, THORES
FEMILRR YA S, MR EIEFRE T kA Mk
. WRRRIE . FREIALL . BRRB B S5
o BRETHR I iCAP RQ B! ICP MS H Al shfB I ik =,
SRR AT B4R 22 123 1300 AT it 4 M e 1 e ok
ek, TR bR WA, R s] Ak R AL A
VR, v R A R TR S T

2.3 TR KRG TR

%3,
2 3 A4, ZonR EIHTRETE 10~100 pg/L (K75
WL R RIF, HIEREE 0.9985~0.9997 Z[E], i

SR ETE 0.001 ~ 0.887 pg/L Za), ¥HERLE 0.0001 ~
0.4202 pg/L 2],

2.4 FFEEZBEMEULER

VRO A — Oy ke dh, Joxt HtEAT I, SR AR AE,
PRI R BE AORRAE T, A2 [ — LR, 2T
SR (n=7), 152 4 Jm T KBRS 5 B RIS [,

FRARSNRAPREREIE 18 FoTR &, 490 ZPRILE 4.
®3 BMHARMEERSRE BXRY SEFHREREHR
Table 3 Regression equation, correlation coefficient background equivalent concentration and detection limit of 18 elements
TTE [l )y HHRE R T 5 ROR B /(ug/L) G HH R/ (ug/L)
B Y=122.8765X+108.9706 0.9997 0.887 0.4202
Al Y=320.7148X+161.1403 0.9992 0.502 0.2524
Ti Y=4199.4835X+171.0297 0.9998 0.041 0.0186
Cr Y=21365.5288X+911.2779 0.9990 0.043 0.0114
Mn Y=9461.2076X+713.6754 0.9997 0.075 0.0070
Fe Y=1789.6115X+1516.6040 0.9985 0.181 0.0492
Ni Y=9446.0895X+1338.3433 0.9991 0.142 0.0141
Cu Y=2532.2752X+2241.3900 0.9990 0.087 0.0038
Zn Y=4711.9070X+9406.8091 0.9993 0.496 0.1373
As Y=2053.5973X+16.6428 0.9995 0.008 0.0082
Se Y=59.0173X 0.9995 0.001 0.0001
Sr Y=1033.0161X+222.0754 0.9997 0.022 0.0069
Cd Y=8507.4215X+132.2418 0.9994 0.016 0.0007
Sn Y=1481.0033X+362.1708 0.9992 0.025 0.0185
Sb Y=1310.7008X+53.3680 0.9993 0.004 0.0032
Ba Y=5401.3421X+362.0821 0.9992 0.067 0.0131
Hg Y=1549.8913X+3024.3751 0.9991 0.198 0.0069
Pb Y=8183.9031X+7322.5995 0.9994 0.082 0.0160
Y R ICE AR, me/kg X TR S, me/kg.
®4 H@RPELTENEERRBEEENELER0O=T)
Table 4 Results of recovery and precision determination of each element in the sample(n=7)
{iNEA AR
JLER ARIEAE/ug
bri/pg W f/ee  BIRE% O BEE%  baEpg WEfpg BUCR%  WEEE%
B 0.4453 0.20 0.6113 83.0 0.61 2.0 2.2393 89.7 0.65
Al 3.4588 0.20 3.6626 101.9 1.86 2.0 5.3108 92.6 1.96
Ti 0.2660 0.20 0.4776 105.8 2.35 2.0 2.116 92.5 2.41
Cr 0.0253 0.20 0.2225 98.6 1.15 2.0 1.9413 95.8 1.21
Mn 0.2899 0.20 0.4953 102.7 1.30 2.0 2.1779 94.4 1.39
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nkrfE/ng  MEME/ne  FRCR% O RHEE/% AME/wg WEM/Me FIRR% O RBEE%
Fe 2.0381 0.20 22313 96.6 3.48 2.0 4.0261 99.4 3.62
Ni 0.0544 0.20 0.2554 100.5 0.81 2.0 2.0244 98.5 0.85
Cu 0.1059 0.20 0.3149 104.5 1.78 2.0 2.0379 96.6 1.86
Zn 0.1307 0.20 0.3455 107.4 1.60 2.0 1.9947 93.2 1.66
As 0.0023 0.20 0.2095 103.6 1.72 2.0 1.8003 89.9 1.78
Se 0.0068 0.20 0.2096 101.4 2.53 2.0 1.8708 932 2.66
Sr 0.03531 0.20 0.23811 101.4 1.31 2.0 1.84331 90.4 1.35
Cd 0 0.20 0.2022 101.1 0.62 2.0 1.984 99.2 0.68
Sn 0.3983 0.20 0.6075 104.6 2.04 2.0 2.2623 93.2 2.11
Sb 0.0002 0.20 0.1994 99.6 0.76 2.0 1.9622 98.1 0.81
Ba 0.0790 0.20 0.288 104.5 0.73 2.0 1.933 92.7 0.79
Hg 0 0.20 0.206 103.0 2.14 2.0 2.05 102.5 2.19
Pb 0.0208 0.20 0.2216 100.4 1.15 2.0 1.9988 98.9 121

H 2R 4T, AR N 0.61% ~ 3.62%, Jintr[E

e h 83.0% ~ 107.4%, i & SCI 2k

2.5

HmlELER
i B R R SE By Xt 7 RIS R A TR, -

A7 3 0k, PREEER I 5.

RS FHmBUNELR(mg/kg)
Table 5 Determination results of samples(mg/kg)

JCE FEM 1 RRSR 2 RRAR 3 RRAN 4 BRSNS BRMh e FE

=il
~

B
Al

Ti

2.2506 2.3486 2.5988 3.0851 2.2263 2.3458 3.0999
11.2251 5.1179 7.4435 2.8175 17.2937 7.4028 4.9917
1.5590 1.7551 1.1212 1.0038 1.3299 1.6744 1.5671
0.1024 0.1587 0.0917 0.1407 0.1266 0.1131 0.3856
0.6646 0.6504 0.9823 0.5159 1.4497 0.7170 0.8427
8.0671 7.2065 7.0033 5.7839 10.1906 6.4308 6.9204
0.0043 0.0523 0.0745 0.0923 0.0272 0.0154 0.0522
0.5046 0.8188 0.8263 0.3762 0.5293 0.6458 0.7196
8.0932 6.8166 0.9666 4.9035 0.6535 12.3616 1.1446
0.0116 0.0132 0.0112 0.0110 0.0114 0.0007 0.0447
0.0325 0.0221 0.0440 0.0111 0.0338 0.0574 0.0560
1.6146 4.2776 1.0453 1.2556 1.7654 3.0910 1.2207
0 0 0 0 0 0 0
1.8156 1.8424 1.9238 19617 1.9916 2.0593 2.3801
0.0036 0.0037 0.0037 0.0031 0.0008 0.0002 0.0016
0.9494 2.5277 1.3856 1.5944 0.3952 1.8305 1.4538
0 0 0 0 0 0 0
0.1395 0.1142 0.0914 0.0767 0.1039 0.0941 0.2803
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