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Simultaneous determination of 18 metal elements in olive oil by microwave
digestion-inductively coupled plasma-mass spectrometry
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ABSTRACT: Objective To establish an analysis method for simultaneous determination of 18 trace metal
elements (Li, Be, Ti, Co, Ni, Cu, Zn, Mo, Ag, Cd, Ti, Ba, Hg, Pb, Fe, Mn and As) in imported olive oils by mi-
crowave digestion-inductively coupled plasma-mass spectrometry (ICP-MS). Methods Olive oil samples were
pretreated by microwave digestion and then determined by ICP-MS. The 18 trace metal elements were analyzed
quantitatively by external standard method. Results This method had a wide linear range of calibration curves
for the determination of 18 metal elements and the linear correlation coefficients were higher than 0.999. The de-
tection limits were lower enough for trace metal elemental analysis. The recoveries for the spiked samples ranged
from 82.3% to 110.5% and the relative standard deviations (RSDs) were lower than 5%. Conclusion  This me-

thod has advantages of simplicity, rapidity, high sensitivity and specificity, high recoveries, and can be used for
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simultaneous determination of multi-elements in olive oils.
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Table 1 Optimal parameters of ICP-MS for investigated elements®

RF /W 1100
N 6

(L/min) 0.88
(L/min) 1.2
(L/min) 16

a

N Cell gas A: 0.3; Cell
gas B: 0; RPa: 00; RPq: 0.5

222 HBETAET X

1.000 g )
550°C  3h ,  HNO;
),
550 C 2 h, 1 mL HNO;
0.5 mL HCIO,,

10 mL
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1.000 g 100 mL 30s,
R 10 mL (5:1, V:V), ,
150 C, lh 3, ,
200 C, , s )
) 2~3 mL,
’ o 3 RSN
0.500 g 50 mL 3.1 BIAEARXRYIESE
5 8 mL 2 mL R s
(2, ’
’ 3 18
10 mL s 3
3 , 3
F2 WBHWRRER , 18
Table 2 Microwave digestion procedure 89.7%~108% 58.5%~99.8% 36.1%~90.3%
W /min /c /min ,
1 800 5 120 1 , 43.0% 45.1% 36.1%
2 1600 5 220 5 )
3 1600 5 220 15
4 400 5 80 5 )
69.8% 58.5% 68.5% ,
23 tRERRAYECH
1% HNO;(V:V) ,
, 10 , 18 80% ,
pg/mL
23 mb, 1% HNOs 0mbe 300 s s TR A TR E I (1=3)
ng/L Table 3 Recoveries of 18 elements using different
digestion methods (n=3)
s 1% HNO; :0.1 (%)
0.5 1.0 5.0 10.0 20.0 50.0 100.0 200.0 pg/L
2.4 HmNE Li 102 81.4 80.7
Be 104 81.7 80.6
’ ’ 06 MPa, ’ ’ Ti 95.4 82.9 80.8
Co 108 99.8 88.3
1.0 pg/L ’ Ni 92.5 91.4 85.2
’ In Co U3 ’ Cu 89.7 93.5 87.1
(CeO/Ce)<2.0% <2.1%, Co o 106 27 891
In U 157 44 100 Mcps Mo 104 207 %03
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Table 4 Linear range, linear equation and detection limit
0, .
(%) of element detection
(ng/L) (ng/L)
Ag 993 69.8 5.0 Li 1.0~50.0 Y=38125.01X+1961 1.0
Be 1.0~50.0 Y=81.678X-17.69 1.0
cd 96.5 87.4 88.7 ,
Ti 5.0~100.0 Y=2833.21X+1155.34 5.0
Sn 92.7 81.2 89.9 Co 1.0~50.0 Y=4450.16X-2759.02 1.0
Sbh 101 90.8 86.6 Ni 1.0~50.0 Y=864.63X+9.720 1.0
Cu 1.0~50.0 Y=946.31X-511.13 1.0
Ba 98.4 95.5 88.5
Zn 10.0~500.0 Y=366.99X+331.25 10.0
Hg 92.2 58.5 45.1
Mo 0.5~50.0 Y=1494.17X-195.85 0.5
Pb 99.3 68.5 36.1 Ag 0.5~50.0 Y=3201.46X-308.10 0.5
Fe 98.4 90.7 28.7 cd 0.5~50.0 Y=864.00X-142.68 0.5
Sn 5.0~100.0 Y=863.53X-79.66 5.0
Mn 99.5 90.5 89.1
Sb 0.5~50.0 Y=3180.09X-1024.68 0.5
As 95.8 90.7 88.5 Ba 10.0~500 Y=765.81X-1898.14 10.0
, . ) . Hg 0.1~20.0 Y=934.16X-22.77 0.10
1| A, o
32 HMEXRFRRIFREIR Pb 1.0~50.0 Y=5020.09X+1208.54 1.0
, Fe 10.0~500 Y=120.15X+532.07 10.0
, ICP-MS , , Mn 1.0~50.0 Y=5136.53X+1394.85 1.0
) 3, As 0.5~50.0 Y=1635.99X-149.88 0.5
0.999 , £ 5 FEHEFREEEE(N=11)
Table 5 Accuracy and precision of the method (n=11)
33 M EMENBEE P
(mg/kg) (mg/kg) (mg/kg) (%) (%)
Li 0.040 0.010 0.049 92.7 1.54
, Be <0.010 0.010 0.010 100.5 225
1, Ti 0.161 0.050 0.206 90.5 1.68
5 Co 0.023 0.010 0.033 100.7 1.20
B b
Ni 024 01 034 ) 1.01
R0%~120% ’ i 0.0 0.010 0.03 99.5 0
Cu 0.058 0.010 0.068 102.5 235
Zn 0.337 0.100 0.426 88.6 2.69
3.4 MmO Mo  0.009 0.005 0.013 823 428
10 Ag 0.007 0.005 0.012 103.5 3.59
b
3 6 cd 0.016 0.005 0.021 93.0 3.80
s
Sn 0.132 0.050 0.187 109.8 341
’ ) ’ Sb 0.011 0.005 0.017 1102 3.55
Fe, 1.539 mg/kg, Zn Cu Mn Ba 0.126 0.100 0213 87.0 3.26
0.351, 0.0464 Hg 0.001 0.001 0.002 90.0 3.84
0.039 mg/kg; ) Pb 0.059 0.010 0.067 832 421
3 Fe 1.124 0.100 1.220 95.6 420
0.0263,0.003  0.0113 mg/kg, Mn 0.051 0.010 0.061 97.2 4.89

As <0.005 0.005 0.005 102.0 3.20
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Table 6 The concentrations of 18 elements in olive oil samples (n=3, mg/kg)
1 2 3 4 5 6 7 8 9 10
Li 0.040 0.051 0.071 0.020 0.044 0.038 0.044 0.052 0.068 0.085 0.0513
Be <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Ti 0.161 0.214 0.548 0.258 0.362 0.169 0.218 0.210 0.226 0.167 0.253
Co 0.023 0.021 0.019 0.018 0.38 0.054 0.024 0.033 0.036 0.021 0.0629
Ni 0.024 0.010 0.058 0.100 0.011 0.021 0.017 0.122 0.021 0.033 0.0417
Cu 0.058 0.042 0.013 0.034 0.063 0.032 0.031 0.068 0.044 0.079 0.0464
Zn 0.337 0.268 0.342 0.423 0.379 0.578 0.242 0.412 0.325 0.208 0.351
Mo 0.009 0.012 0.015 0.020 0.019 0.041 0.018 0.032 0.025 0.020 0.0211
Ag 0.007 0.008 0.010 0.005 0.009 0.010 0.005 0.006 0.000 0.003 0.0063
Cd 0.016 0.012 0.017 0.009 0.006 0.010 0.019 0.013 0.004 0.007 0.0113
Sn 0.132 0.121 0.152 0.269 0.212 0.243 0.251 0.018 0.019 0.214 0.1631
Sb 0.011 0.020 0.009 0.017 0.015 0.016 0.011 0.012 0.012 0.018 0.0141
Ba 0.126 0.128 0.144 0.169 0.133 0.112 0.143 0.120 0.172 0.195 0.144
Hg 0.001 0.002 0.005 0.002 0.002 0.003 0.003 0.004 0.005 0.006 0.0033
Pb 0.039 0.038 0.035 0.020 0.022 0.036 0.033 0.010 0.014 0.016 0.0263
Fe 1.124 1.651 1.021 1.322 1.988 1.089 2.01 2.13 1.526 1.533 1.539
Mn 0.051 0.017 0.021 0.054 0.032 0.011 0.029 0.056 0.044 0.075 0.039
As <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
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-ICP-MS 18 try and microemulsion sample preparation [J]. Food Chem, 2011,
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techniques-a review [J]. Appl Spect Rev, 2011, 46(3): 175-206.
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