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Variation of Trace Element Contents in Black Tea Infusion
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Contents of 12 trace elements (Na, Fe, Al, Zn, Mn, Cu, Ni, Cr, Se, As, Hg, Pb) in 30 black tea infusion
samples were measured by inductively coupled plasma spectrometry or inductively coupled plasma mass
spectrometry. The 30 tea samples consisted of Indian tea (9 samples), Ceylon tea (5 samples), Chinese
tea (6 samples), Taiwan tea (3 samples), African tea (4 samples) and others (3 samples). The content of
each element was as follows (mean=+SD): Na, 2.19%2.33 ppm; Fe, 0.077£0.036 ppm; Mn, 3.83+2.31;
Zn, 0.249+0.113 ppm; Al, 3.44+2.18 ppm; Ni, 0.040%0.020 ppm; Cr, 0.002£0.003 ppm; Cu, 0.042+
0.023 ppm; As, 1.52%2.31 ppb; Hg, 0.027£0.021 ppb; Se, 0.55::0.51 ppb; Pb, 3.38+3.26 ppb. A re-
gional variation was observed in Na and As contents; African tea showed higher Na contents and Chinese
tea showed higher As values than other samples. Factorial analysis showed that the 12 elements were
classified 3 groups; elements to belong to the same group showed a similar variation in their concentra-
tions in the tea infusion each other. One group consisted of Mn, Zn, Al, Ni, Cr and Cu, and another group

consisted of Fe, Se, As, Hg and Pb. Variation of Na was independent of those of other elements.
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Table 1. Trace element contents in black tea infusion (n=30)

Elements Contents (mean=SD) C.V.
Na (ppm) 2.19+2.33 1.06
Fe (ppm) 0.07740.036 0.47
Mn (ppm) 3.83+2.31 0.63
Zn (ppm) 0.249+0.113 0.45
Al (ppm) 3.4442.18 0.64
Ni (ppm) 0.0404+0.020 0.51
Cr (ppm) 0.00240.003 1.50
Cu (ppm) 0.04240.023 0.53
As (ppb) 1.5242.31 1.51
Hg (ppb) 0.027+0.021 0.77
Se (ppb) 0.55+0.51 0.93
Pb (ppb) 3.38+3.26 0.96
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Table 2. Regional variation of trace element contents in black tea infusion

Elements India and Sri Lanka China and Taiwan Africa ANOVA
Na (ppm) 1.69(1.29-2.23) 1.57(1.04-2.36) 3.58(1.20-10.67) $»=0.026
Fe (ppm) 0.067+0.019 0.08340.052 0.10740.035 NS
Mn (ppm) 3.03(1.97-4.66) 2.81(1.91-4.13) 3.50(0.80-15.31) NS
Zn (ppm) 0.260+0.122 0.24240.079 0.256+0.198 NS
Al (ppm) 3.74%£2.10 1.91+1.15 4.53+3.29 NS
Ni (ppm) 0.036+0.005 0.039+0.014 0.03040.024 NS
Cr (ppm) 0.001(0.001-0.004)  0.001(0.001-0.004)  0.001(0.001-0.003) NS
Cu (ppm) 0.042£0.023 0.034+0.020 0.045+0.033 NS
As (ppb) 0.52(0.31-0.89) 1.63(0.48-5.53) 0.27(0.16-0.47) $»=0.002
Hg (ppb) 0.25(0.012-0.050) 0.021(0.013-0.033)  0.018(0.010-0.032) NS
Se (ppb) 0.52(0.33-0.83) 0.38(0.17-0.89) 0.38(0.29-0.51) NS
Pb (ppb) 2.42(1.24-4.70) 3.37(1.52-7.46) 2.67(1.50-4.75) NS
Table 3. Correlation matrix of trace element contents in black tea infusion
Fe Zn Al Ni Cu Na Mn Cr As Se Hg

Zn  0.175 '

Al 0.088  0.296

Ni —0.151 0.085  0.322

Cu 0.174  0.575  0.440  0.209

Na 0.499 —0.292  0.076 —0.345 —0.032

Mn 0.033 0.480 0.535 0.341  0.399 —0.410

Cr 0.161 0.333 0.514 0.370  0.263 —0.092  0.475

As 0.196 0.110 —0.203 0.094 —0.037 —0.181 0.016 —0.006

Se 0.319 0.050  0.102 —0.128 0.010 0.108 —0.041 -—0.118 0.361

Hg 0.035 0.287 0.060 —0.255 0.042 0.019 0.262 0.185 0.102 —0.024

Pb 0.228 0.221 —0.049 —0.057 —0.076 0.067 0.241 —0.020 0.312

0.374 0.191

Values with underline are statistical significant at p<<0.01.
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Table 4. Results of factorial analysis

Eigenvalues of each factor Correlation of each variable with factors 1 and 2
Magnitude Variance proportion Variables Factor 1 Factor 2
Factor 1 3.068 0.256 Fe 0.125 0.699
Factor 2 2.101 0.175 Zn 0.721 0.211
Factor 3 1.596 0.133 Al 0.698 —0.057
Factor 4 1.268 0.106 Ni 0.480 —0.404
Factor 5 0.942 0.078 Cu 0.661 0.023
Factor 6 0.804 0.067 Na —0.331 0.433
- Mn 0.833 —0.031
Cr 0.696 -0.078
As 0.060 0.484
Se —0.001 0.679
Hg 0.258 0.298
Pb 0.149 0.650
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Fig.1. Unroated factor plot of factor 1 and factor 2.
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