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Determination of 11 Kinds of trace elements in preserved plum by
inductively coupled plasma mass spectrometry
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(Dali Institute for Food Control, Dali 671000, China)

ABSTRACT: Objective To establish a method for determination of 11 kinds of trace elements, including V, Cr,
Co, Ni, Cu, Zn, As, Sr, Cd, Ba and Pb in preserved plum by inductively coupled plasma-mass spectrometry
(ICP-MS). Methods The samples were digested by microwave system and the content of 11 elements were
simultaneously determined by ICP-MS. The measured values were analyzed by Pearson correlation analysis using
SPSS 16.0 software. Results Eleven kinds of trace elements had good linear relationships in the range of 0-
500 pg/L with the correlations higher than 0.9997. The limits of detection were 0.002-0.01 mg/kg. The recoveries of
standard addition ranged from 84.5% to 110.3%, and the relative standard deviations were lower than 5%. The results
of the national standard substance (Carrot GBW10047) were basically within the range of certified values. The order

of the element average contents in the samples was: Sr>Zn>Cu>Ba>Ni>Cr>Pb>V>As>Co>Cd. The correlation
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analysis showed that there were certain correlations between some elements. Conclusion This method is sample,

rapid and reliable, which is suitable for determination of trace elements in preserved plum. The measured results can

provide technology basis for the quality control in preserved plum.

KEY WORDS: preserved plum; trace element; microwave digestion; inductively coupled plasma mass
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FFNRE, MELs R 40 TR 4 AT, R[S e oo
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Table 1 Linear ranges, regression equations, correlation coefficients, limits of detection and RSD (n=6)

TTHE LAEIE FHl (ug/L) [m] )5 FHOCREU(r) i i PR (mg/kg) RSD(%)
\% 0~500 ¥Y=0.5319X+0.0168 1.0000 0.005 1.30
Cr 0~500 ¥Y=0.7538X+0.1020 1.0000 0.008 1.36
Co 0~500 Y=1.4935X+0.1313 1.0000 0.007 1.50
Ni 0~500 Y=0.4422X+0.4988 1.0000 0.01 1.49
Cu 0~500 Y=1.1985X+0.5903 0.9998 0.01 2.66
Zn 0~500 ¥Y=0.1213X+1.1439 0.9998 0.01 2.59
As 0~500 ¥=0.0852X+0.0536 0.9998 0.009 2.65
Sr 0~500 ¥Y=0.2060X+0.0346 0.9998 0.01 2.76
Cd 0~500 ¥=0.0130X+0.0010 0.9999 0.002 0.18
Ba 0~500 Y=0.0018X%+0.0016 1.0000 0.03 0.47
Pb 0~500 Y=0.0746X+0.0638 0.9999 0.01 0.68
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Table 2 Results of standard addition recovery rate (n=3) Table 3 Determination values of standard reference
g MM ARG WESE FEC RsD materials (+=3)
(ng/L) (ng/L) (ng/L) ) (%) g A A %
5 5.841 97.2 2.53 (meanssd) (%)
20 19.906 94.6 2.03 V (mg/k 0.21 0.200.03 95.2
v 0.979 (mg/kg) 0.21)
40 39.807 971 2.39 Cr (mg/kg) 1.04+0.13 0.90+0.08 86.5
100 94.895 93.9 0.47
s 6.519 1039 176 Co (pg/kg) 66+7 5746 86.3
20 19.878 92.8 1.96 Ni (mg/kg) 0.67+0.10 0.55+0.04 82.1
Cr 1.323
40 39.238 94.8 2.18
Cu (mg/kg) 4.120.3 4.0+0.2 97.6
100 93.031 91.7 0.55
Co 0351 20 18.623 914 220 As (mg/kg) 0.110.02 0.10£0.02 90.9
40 37.688 93.3 2.41
Sr (mg/kg) 2042 20+0.7 90.9
100 91.497 91.1 0.49
5 6.385 89.0 253 cd (mg/kg) 0.0340.004 0.032:£0.007 94.1
Ni 1.933 20 19363 872 248 Ba (mg/k) 2443 20£0.4 83.3
40 38.172 90.6 1.75
100 29 887 28.0 081 Pb (mg/kg) 0.43+0.07 0.43+0.04 100.0
5 17.156 90.1 436
20 30.770 90.6 4.99 .
Cu  12.651 40 19,290 016 sl As>Co>Cd, Sr -3 & i m A 11.52 mg/kg, Zn, Cu,
100 107' 1 94'5 2'86 Ba MFH&ETE 1~4 mgkg 20, HAITTEM &=
S 1 '982 85'1 3'61 AL T 1 mgkeg, Hd cd WFEHHFERM, LN
2 51'618 84'5 4'33 0.0023 mg/kg. KHE GB 2762-2017 { £ 4 HFbie £
7 34.725 ' ’ ’ o i v Y =y [15] g 4 22 I 1 K S (i
n 20 69,035 g5.8 ™ m s e IR ) IR RE, KRS TR AT R BR
S > 1 A ELLE —
100 196,108 014 584 1.0 mg/kg, TG AaERE S mR AT 0 5 B ARBAR
5 5218 9.6  3.19 3.7 EEPRMETREREXME ST
As 0386 20 19294 945 32l ST ARERE 5 7 11 AR ST 26 EA T Pearson AL DGHE ST,
40 3147919 2T GERILF 5. tFE S AT FTIEHERE S T Co 55 Ba R
100 94517 4.1 289 FIEAHE; Cr 5 Co.Ni.Ba, Co 5 Ni, Ni 55 Ba, Cu 5 Zn.
5 40.940 95.0 3.53 o e " o — ,
. < 560 o6 aas As, Zn 5 As BEM B EIEME ., R LR TREEH PR
St 36.189 ' ' ’ SRFIENTE KRR
40 75.488 98.2 4.42
100 142.522 1063 2.97 4 £
5 4.892 97.0 1.50
cd 00307 20 19.226 95.9 0.32 AL T ICP-MS EME G 11 AR CE
' 40 38.239 97.0 0.47 B, ZIERA RS 0.002~0.01 mg/kg, IR BT E K
100 94.396 94.4 0.26 84.5%~110.3%, F5BEE/INT 5 %, BTl [E ZbrvEY) R A
5 22.261 1103 1.05 TFEPRUED EETE [, 2% B e v B FIORS 2% % L 4T,
Ba 16746 20 37.059 101.6 157 WIBEAIE P HUECE NN S IRHIE TR, e
40 55.610 97.2 0.62 TCRAEANFEME P — 25 5%, XA RES A4 - IE A i
100 112.062 95.3 0.96 B RE R KDL Rl TR e TEMERR S
5 7.674 93.6 2.23 T ? & r%— 1% HE r%* @{ KK Sr>Zn>Cu>Ba>Ni>Cr>Pb>
- 2997 20 22.847 99.3 0.55 V>As>Co>Cd, Pearson tH5&HE/Hr4s R0, 11 Fhfis oo
40 44.103 102.8 0.25 E P o0 & A B B3 A 3¢ (P<0.05) £ ) 35 A ¢
100 107.101 1041 025 (P<0.01),




2520 B A T R T 2E %95
F4 EEHERZP 1 MYETESE@=3, mg/kg)
Table 4 Contents of 11 kinds of trace elements in preserved plum (»=3, mg/kg)
Y \% Cr Co Ni Cu Zn As Sr Cd Ba Pb
1# 0.125 0.261 0.023 0.168 1.90 1.89 0.055 3.31 ND 1.22 0.215
24 0.122 0.165 0.043 0.241 1.57 4.33 0.048 4.56 0.0049 2.08 0.373
3# 0.103 0.141 0.027 0.182 1.37 2.84 0.010 436 ND 1.87 0.202
4 0.104 0.184 0.054 0.295 1.59 1.58 0.067 4.89 ND 1.14 0.211
5# 0.188 0.365 0.039 0.346 3.11 5.86 0.194 7.49 0.0037 1.77 0.398
o# 0.160 0.326 0.039 0.370 3.04 5.78 0.230 6.93 0.0029 1.61 0.360
TH# 0.062 1.750 0.090 2.530 1.30 3.97 0.057 16.5 ND 3.10 0.205
8# 0.083 0.252 0.036 0.289 1.35 2.78 0.121 35.1 0.0027 1.10 0.234
9# 0.286 0.707 0.042 0.363 1.38 2.24 0.052 5.24 0.0026 1.43 0.530
10# 0.101 0.450 0.019 0.685 1.16 231 0.038 33.6 0.0031 1.96 0.801
11# 0.107 0.222 0.023 0.162 1.53 2.56 0.056 4.75 0.0027 1.43 0.340
I fE 0.131 0.438 0.040 0.512 1.75 3.29 0.084 11.52 0.0023 1.70 0.352
*R5 EEHERTHEITEM Pearson XM
Table 5 Pearson correlation analysis of trace elements of preserved plum samples
LR \ Cr Mn Co Ni Cu Zn As Sr cd Ba Pb
\% 1
Cr —0.083 1
Mn —0.445  0.459 1
Co -0.158  0.795" 0.423 1
Ni -0.336 0958 0519  0.8157 1
Cu 0348  —0.204 —0.254  —0.063  —0.223 1
Zn 0.150 0.132 0.121 0.239 0.163  0.765" 1
As 0.252 -0.089 0.104 0.054 -0.100  0.883™  0.753" 1
Sr -0.385  0.185 0.705"  -0.034 0268  -0353 -0.123  0.016 1
cd 0338  -0.282 —0.013 -0284 -0313 0279 0.490 0.369 0.170 1
Ba -0.282 0760  0.302 0.622° 0835  -0.134 0397  -0.163 0.089  —0.041 1
Pb 0370  -0.024  —0.240 -0372  -0.082  -0.070  0.001 -0.028 0376 0.566 0.064 1
T FR B A (P<0.05), <+ Fm il B A K (P<0.01).
%%B\Cﬁk 932-935.
B] # A, 5K, BHife. IR EEr G LA . R RS B

(1]

XUR, E, RO, SRR S TR R
551, 2013, 34(21): 66—69.

Liu Y, Huang W, Zhang MM, et al. Study on the preparation of buccal
tablests for preserved plumen [J]. Food Res Dev, 2013, 34(21): 66—69.
SIRR, G, HUE S A R ORI AL AR S I E T v
[3]. TEIRA 243, 2008, 24(6): 932-935.

Jia CF, Feng H, Chang ZY, et al. Determination of benzoic acid and
sorbate acid in preserved plum [J]. Jiangsu J Agric Sci, 2008, 24(6):

SIHT ST BURTIR B2, 2015, 42(1): 44-46.

Yang YX, Zhang T, Yang XH. Analysis and evalution of sorbic acid,
benzoic acid and saccharin sodium in plum products from the market of
Dali city [J]. Mod Prev Med, 2015, 42(1): 44—46.

EfEAR, AT P ICP-AES B FIRE B R AY 7 FocRp]. BUC
TiBH B2 2%, 2001, (4): 499.

Wang XJ, Fan K. Simultaneous determination of 7 kinds of elements in

preserved fruits by axial view ICP-AES [J]. Mod Prev Med, 2001, (4):



%510 3]

B A, AR ARG A BRI E T 11 AR OCR

2521

(5]

(e

(7]

(8]

(9]

[10]

[11]

499.
Mikts, =i, W00, 55 SRR A R R A R AT ). B
FRAIFSE 5T K, 2017, 38 (6): 149-152.

Chen RM, Yuan J, Wen LL, et al. Investigation and analysis of residual
aluminum in preserved fruits [J]. Food Res Dev, 2017, 38(6): 149-152.
LM, HOOK. W AR-ICP-MS HI5E F A b i SRRk 1k
ST, 2014, 23(5): 48-50.

Wang HM, Huang WS. Determination of titanium dioxide in preserved
plum by microwave digestion-inductively

spectrometry [J]. Chem Anal Meter, 2014, 23(5): 48-50.

coupled plasma mass

Lodico GM, Galvano F, Dugo G, et al. Toxic metal levels in cocoa powder
and chocolate by ICP-MS method after microwave-assisted digestion [J].
Food Chem, 2018, (245): 1163-1168.

Orecchio S, Amorello D, Raso M, et al. Determination of trace elements in
gluten-free food for celiac people by ICP-MS [J]. Microchem J, 2014,
(116): 163-172.

REI, Wop R, HIEE 45, ICP-MS BAMIE R A iy 20 AEITR
[7]. Gt 5GREHT, 2016, 11(36): 3676-3682.

Xiong C, Jiang XH, Tian YP et al. Determination of 20 trace element in
blood collection tubes with ICP-MS [J]. Spectrosc Spectr Anal, 2016,
11(36): 3676-3682.

Correia FO, Silva DS, Costa SL, et al. Optimization of microwave
digestion and inductively coupled plasma-based methods to characterize
cassava,
2017, (135): 190-198.

HERE, BUR, Sk, SE. A A SRR - R A TR T
ME PRSP 12 F i BUBITTR[T). TR E, 2018, 37(2):
157-162.

corn and wheat flours using chemometrics [J]. Microchem J,

Fan X, Cao C, Zhang RH, et al. Determination of 12 major and trace
elements in health-care products with micowave assisted full-automatic
sample digestion-inductively coupled plasma mass spectrometry [J]. Chin
J Anal Lab, 2018, 37(2): 157-162.

Yin LL, Tian Q, Shao XZ, ef al. Determination of trace elements in edible

nuts in the beijing market by ICP-MS [J]. Biomed Environ Sci, 2015,

(12]

[14]

[15]

28(6): 449-454.

GB 5009.268-2016 £ 24 ZhRHE Bl 2GR AGIES].

GB 5009.268-2016 National food safety standard-Determination of
multielement in food [S].

WTR, BRI, MR, 5. O F—ICP-MS IRAHNE sh¥)
BRI FEEITRED]. HTEsE, 2017, 36(1): 24-28.

Huang ZJ, Chen MJ, Deng HY, et al. Determination of 11 trace elements
in animal and plant origin food by microwave digestion with ICP-MS in
mixed mode [J]. Chin J Anal Lab, 2017, 36(1): 24-28.

Mk, EFTE, 2, 45 ICP-MS & RIRFINE#E Aok 21 FhFEbloe
L. BEPFFESTFR, 2017, 38(6): 121-126.

Chen H, Wang XT, Xia M, et al. Simultaneous determination of 21
inorganic elements in imported drinks by inductively coupled plasma mass
spectrometry [J]. Food Res Dev, 2017, 38(6): 121-126.

GB 2762-2017 £ b &4 FE G bRifE 25 YRR EE[S].

GB 2762-2017 National food safety standard-Standard for maximum

levels of contaminants in food [S].

(GoiEshth: @)

{EZ T

B % BEIRm TEMRAER
BERRESTERN.
E-mail: 1621776759@qq.com

Ex#, LM, TERARAEAE
RESRE®RN.
E-mail: maoyongyang@163.com





