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Determination of 5 heavy metal elements and 15 rare-earth

metal elements in dark tea
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Abstract: Under the optimized conditions, the samples were analyzed
by ICP—MS with the triple internal standard elements Rh, In and
Re. Good linearity of standard curves of twenty elements were ob-
tained, and all the linear coefficient of them were above 0.999. The
detection limits were in the range of 0. 001 2 ~ 0.10 ng/mL.
GBW10052-green tea, the certified reference material was analyzed

and the results showed good agreement with the certified values. Five
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dark tea samples were determined by the proposed method. In the re-
covery experiment controlled by adding stand substance, the recover-
ies were range from 92% to 105%. It was indicated that the method
was reliable for determining heavy metal elements and rare-earth ele-
ments in tea samples.

Keywords: microwave decomposition; inductively coupled plasma
mass spectrometry; dark tea; heavy metal elements; rare-earth ele-

ments
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Table 1 Optimal procedure of microwave digestion

oS MEE/C FHRAE/min LREFEF ] /min

1 120 10 10
2 160 20 10
3 200 30 10

£2 ICP—MS TS

Table 2 Operating parameters of ICP—MS
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Table 3 Concentration of each element in standard curves

ng/mL
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Table 4 Detection limit of detected elements

ng/mL
JLHE o 1 BR JLHE i 1 BR
Cr 0.100 0 Sm 0.002 1
Pb 0.100 0 Eu 0.002 1
Cd 0.029 0 Gd 0.001 9
As 0.094 0 Thb 0.011 0
Sb 0.015 0 Dy 0.010 0
Y 0.004 8 Ho 0.013 0
La 0.004 1 Er 0.001 5
Ce 0.003 2 Tm 0.013 0
Pr 0.004 5 Yb 0.001 2
Nd 0.002 5 Lu 0.013 0
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Table 5 Standard values and measured values of certified Table 6 Measured results of dark tea samples (n=3)
green tea reference material (n=3) mg/kg mg/kg

LR PRUE(E MWHEAE | TR PR (A URREIEN LR B 1e B2 BAE3s BE4s£ BEOSE
Cr 0.92+0.20 0.110 0 Sm 0.06640.010  0.065 0 Cr 2.250 1.500 1.450 1.070 1.230
Pb 1.60£0.20 1.750 0 Eu 0.02240.006  0.022 0 Pb 1.240 0.780 1.090 1.380 0.780
Cd 0.076+0.004 0.073 0 Gd 0.076+0.011 0.070 0 Cd 0.200 0.050 0.100 0.180 0.150
As 0.2740.05 0.2800 || Tb 0.011 44-0.001 9 0.011 0 As 0.430 0.340 0.230 0.250 0.320
Sb (0.052)* 0.049 0 Dy 0.06540.007  0.061 0 Sh 0.050 0.030 0.030 0.060 0.060

Y 0.52£0.03  0.500 0 | Ho  0.0134£0.002 0.011 0 v 0.590 0.210 0.190 0.130 0.070

La 0544004 05000 | Er  0.03740.006 0.0310 La 0.420 0.270 0.240 0.190 0.240
Ce  0.8140.03 0.8200 | Tm 0,005 940,001 1 0.005 8 Ce 0.800  0.430 0310 0320  0.390
Pr 0.09340.008 0.090 0 | Yb  0.03840.005 0.033 0 P 0.120  0.050  0.060  0.040  0.050
Nd  0.3540.04 03100 | Lu  0.006 2-£0.000 9 0.006 0 Nd 0450 0220 0170 0120  0.180

T a FRARUE(E S GBW10052 P Ry $4k . i O R 225 [ il Sm 0.130 0.040 0.030 0.040 0.020
AR B O A B Eu 0.040 0.020 0.020 0.010 0.020

2.3 %%ﬁﬁﬁ‘]ﬂ“?ﬁ Gd 0.140 0.040 0.040 0.030 0.030
% 6 ﬂ‘%ﬂ 71:@**%??@@%\%5\‘@‘%@’5'@%%’ Tb 0.020 0.007 0.006 0.005 0.003
M,E\Wﬂﬁﬁﬁﬁ§,5ﬁ%ﬁ&*,i@ﬂy%ﬁm%ﬁ%ﬁ%, Dy 0.100 0.030 0.030 0.020 0.010
%ﬂ?yﬁ%ﬁ%%’ﬂ&o iﬁ%{:r'“%ﬁl ICP—MS /f()ﬂuﬁf?ﬁj‘% Ho 0.020 0.007 0.006 0.004 0.003
5 19 ﬁ%ﬂlqﬂ Pb.Cd.As /E.\E,;E\:EF‘ 5 Wm%ﬂ’ﬂ Pb.Cd. As Er 0.040 0.020 0.020 0.010 0.006
AR 5 AR BTG S th % 68T DL B B
%‘:1‘-%;55‘:}3 Y .La.Ce.Pr.Nd 5 Wﬁ:?%;;%#ﬂﬁ%iﬁ?%i Yb 0.030 0.010 0.020 0.009 0.006
%ﬁﬂﬁ‘z%ﬁﬁ}’,é"‘] ﬁﬂf*ﬁw!ﬂﬁﬁiﬁ?,‘é\iﬂ(j SO%LJJ: ) ﬁLjﬁ“: Lu 0.005 0.002 0.003 0.002 0.001
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T 16 Bl + T K B IAR al i B AE 88,106 ~109.2% ; bk
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A BV MR 5T — T s [ 25 A5 25 v o £ b T
GERRMAEBITREN L — O BB e ST
BT (ICP—MS) ¥k o 3l i 4% 2% B3 vE 4 it (GBW10052) K i
B BSOS 50 (Y 30 45 SRR W FE RS h i 2R R &R IR
& JEICE & R E Iy T . LI T R ICP— MS 3 45 R AT 4
B R L. MG R E AR TR & By Cr iy
kB A Sb,Y.La.Ce.Pr.Nd 5 Fiffs L0 & & i i . HNfE
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Table 7 Detected elements’ recoveries (n=3)

_ K A / ks &/ g i/ m] i 3 / _ K/ Jinkr &/ a5/ [l g % /
e (mge+kg ') (mgekg ') (mge+kg ') % o (mg+kg™ ') (mgekg ') (mg-kg™ D %
Cr 1.520 0 1.000 0 0.920 0 92 Sm 0.040 0 0.040 0 0.039 0 98
Pb 0.870 0 1.000 0 0.930 0 93 Eu 0.020 0 0.020 0 0.021 0 105
Cd 0.040 0 0.050 0 0.048 0 96 Gd 0.040 0 0.040 0 0.038 0 95
As 0.280 0 0.200 0 0.190 0 95 Tb 0.007 0 0.010 0 0.010 2 102
Sb 0.030 0 0.040 0 0.038 0 95 Dy 0.030 0 0.040 0 0.039 0 98
Y 0.210 0 0.200 0 0.210 0 105 Ho 0.007 0 0.010 0 0.009 4 94
La 0.270 0 0.300 0 0.290 0 97 Er 0.020 0 0.020 0 0.021 0 105
Ce 0.430 0 0.400 0 0.410 0 103 Tm 0.004 0 0.010 0 0.010 5 105
Pr 0.050 0 0.050 0 0.050 0 100 Yb 0.020 0 0.020 0 0.019 0 95
Nd 0.210 0 0.200 0 0.210 0 105 Lu 0.003 0 0.010 0 0.010 3 103
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