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The aim of this study was to determine heavy metals levels in some varieties of tea from the Romanian market.
For this purpose, 15 samples of tea of the following assortments were analyzed: green tea, black tea, herb tea
and fruit tea. Determination of heavy metals traces was achieved with inductively coupled plasma mass
spectrometry (ICP-MS). The quantities of Pb, Hg and Cd from analyzed tea samples were compared with the
permissible dose in accordance with the Notice of Scientific Panel on Contaminants in the Food Chain of
European Food Safety Authority (EFSA).

Keywords: tea assortments, heavy metals, principal component analysis

From a chemical point of view, to the category of heavy metals belong nearly 40 metals which produce adverse
effects on human health when in contact with food.

Heavy metal toxicity is the result of their binding to enzymes of animal cell systems or to specific components of
cellular membranes. Heavy metals are associated, as secondary factors, with complex pathological processes found in
humans and animals. Toxic effect occurs above a certain threshold, below which some of them (Co, Cu, Fe, Ni, Zn, Mn)
may even be essential elements of compounds involved in various metabolic processes [1]. Thus, if the food were
completely devoid of metals, there would occur nutritional deficiencies, as follows: iron is necessary for hemoglobin
and its absence causes anemia, calcium and phosphorus are the elements required to build the bone, their absence results
in bone deformation and rickets, potassium alkalizes the tissues, sodium plays an important role in chloride secretion,
magnesium is an important element for the good functioning of some organs (brain, thymus, adrenal, and so on), with
specific role in the body's synthesis process, zinc it is part of tissue synthetization process, manganese, arsenic and other
heavy metals have an important role in some other reactions.

Among the heavy metals that contaminate food the following are mentioned: mercury, cadmium, lead, copper, tin,
zinc, arsenic. Air, water and soil are considered vehicular pathways through which food can be contaminated [2-7]. Air
contamination with heavy metals is achieved due to human activity, such as production of coal, petroleum, non-ferrous
metals [8,9]. Steel and iron manufacturing cement production [10-12]. The source of heavy metals contamination in the
soil are the fertilizers and pesticides used in agriculture such as fungicides containing mercury, copper, arsenic, zinc
[13, 14].

Also, another source of soil contamination can be the type of soil and geographical location, it may contain high
concentrations of heavy metals or can be deficient in them [15].

Water is an important source of contamination due to spills [16,17], wastewater treatment and pre-treatment activity,
discharge of sewage and of household waste [18,14].

Plants absorb from the soil a number of elements, some of which have an unknown biological function and others
are known to be toxic at low concentrations. Absorption and bioaccumulation of toxic substances in plants have a
negative impact on consumers’ health, as are the plants used in the form of teas. Among the absorbed elements, some
of them are necessary for plants to complete their life cycle. In addition to these elements, plants also absorb elements
that have an unknown biological function and are known to be toxic even at low concentrations [19].

Among them, there are arsenic, cadmium, chromium, mercury, lead. Plants that accumulate more than 100 mg of
Cd/kg or more than 500 mg of Cr/kg in dry leaves are known as hyper accumulators. A review conducted by Garda -
Torresdey et al., 2005 summarized the study of metals such as Cd, Cr, Cu, Hg, Ni, Pb, Zn and identified families of
hyper accumulator plant species. Some wild plants recently identified as potential hyper accumulators are for example
Prosopis sp. [21] and Salsola Kali [22] which were found to be potential Pb and Cd accumulators. They are consumed
by humans and animals.

An important source of heavy metals is green and black teas, herb teas and fruit teas [23] or a combination of them
[19]. It is estimated that today, in the world, tea consumption rises to the astronomical quantity of around one million
tones tea per year, or about 500 billion cups of tea per year, in statistical data meaning an average for each inhabitant of
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about 160 cups. The secret of this extraordinary tea generalization is that the nature has concentrated in the leaves a
variety of substances, each of them useful for the body, with subtle flavors and pleasant taste.

The legislation in Romania does not provide maximum limits for heavy metals in tea assortments, but only for total
mineral content as in Table 1.

Table 1
MINERAL LIMITS ALLOWED FOR SOME TEAS ASSORTMENTS
IN ROMANIAN PHARMACOPOEIA

No crt. Teas Permissible dose of minerals
1. Goat weed No more than 0,5%
2. Marygold No more than 0,1%
3. Chamomile No more than 0,25%
4, Mint No more than 1,0%
5. Linden No more than 0,5%
6. Valerian No more than 4,0%
7. Yarrow plant No more than 5%

Knowing the quantities of heavy metals in soft drinks and teas shows a great importance, especially in summer, when
the body requires an intense moisturizing. Many plants are components of dietary supplements, so they bring in their
composition an amount of heavy metals that will add to that of their essential components [24]. Metal pollutants are
usually non degradable and a homeostasis mechanism of discharging them from the human body is not known, so the
high level of heavy metals endanger the biological life [9].

In accordance with the Notice of Scientific Panel on Contaminants in the Food Chain of European Food Safety
Authority (EFSA), the permissible dose of Cd is 7ug/kg body/daily, of Pb 25ug/kg body/daily, and of Hg is 1,6pug/kg

body/daily.

Experimental part
Materials and methods

The research was carried out in order to identify and dose heavy metals in various samples of tea. Samples were
purchased from the Romanian market, totalling 15 assortments in the form of bags, from various companies, Table 2.

Table 2
ANALYZED TEA SAMPLES
Cod of Name sample Ingredients
sample
C1l Goat weed Goat weed (Herba Hyperici)
C2 Marigold Marigold flowers (Calendula Officinalis )
C3 Jasmine Dream Soft chinese tea, jasmine
C4 Chinese green tea Chinese green tea
C5 Green tea Mixture of green tea
C6 Black tea Mixture of black tea
Cc7 Chamomile Chamomile flowers (Chamomile )
C8 Mint Mint herb( Herba Menthae)
Zamos 40%, rosehips 36%,apple 7%, orange peel,
blueberries flavor, blueberries, black currants,
C9 Multivitamin elderberries, vitamin C, niacin, vitamin E, pantothenic
acid, vitamin B1 vitamin B2, folic acid, biotin, vitamin
B12
C10 Linden tea Linden flowers (Tiliae )
Cl1 Gentian Gentian (Asclepiadea)
Flowers of acacia (Acaciae), Comfrey root (Symphyti
. Radix), Valerian root (Radix Valerianae), Herba
C12 Stomach calming tea . .
Anserinae, Chamomile flowers, Lemon balm
herb(Herba Melissae)
C13 Rosehip tea Rosehips 64%, Hibiscus 26%, Aronia 10 %
cl4 Yarrow plant Aerial part of the plant Achillea millefolium L., fam.
Asteraceae
. Zamos, rosehips, apple, orange peel, raspberry flavor
Ci5 Fruit tea 3.5%, vanilla flavor 3% , elderberries 3%
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Determination of heavy metals

Determination of heavy metals traces is achieved with mass spectrometry inductively coupled with plasma ICP-MS,
Agilent Technologies 7500 Series. Samples preparation is carried out in accordance with SR EN ISO 14082:2003-
Determination of trace elements by atomic absorption spectrometry after ashing. Dissolving ash obtained from the
calcination is performed using high purity reagents (HNOs, Merck, Germany, Suprapur grade).

Concentration (C) of heavy metals in samples obtained is expressed in pg/g sample and is calculated with the formula
[26]:

C=a-! 1)
m

where:

a - concentration value measured by the device, [ppb];

V - volume of acid that dissolved the sample [ml];

m - mass of mineralized sample [g].

Determination of samples humidity by method of drying in oven.

The sample is dried in an oven under an air stream at atmospheric pressure and at a temperature of 110-130°C to a
constant weight. Depending on the mass loss is calculated humidity sample, in percent for each sample.

Determination of ash content of tea assortments by means of calcination at 550-600°C. The ash is the amount of
minerals after calcination, non combustible residue that remains from the test sample.

Results and discussions

Data analysis shows that C11 samples tea are rich in heavy metals such as Pb, Ni, Cd, Hg, Co, and in essential
elements such as Zn and Ag (true antiseptic), which, however, in large amounts can become toxic to the body [27].
Chinese green tea (C4 samples) contains high amounts of As, Bi and U235. C1, C7, C10, C14 tea samples are rich in
Ce and Sn. C2, C5, C6, C13 samples (green tea, black tea, rosehip, calendula) have predominant metals as Al, Cr, Fe,
Co, U235 and U238. C9 and C15 tea samples have the lowest amount of heavy metals and minerals.

Results from Table 3 present the characterization of tea assortments according to the content of heavy metals.

Table 3
THE QUANTITIES OF METALS BROUGHT IN THE BODY BY CONSUMPTION OF 1 TEA BAG

Sample Goat weed MManigeld Tasmine Chimezz Green tea Elcktez | Chamomile it tea Multivifamin | Linden tea Genfian Etomach Foshiptea | Tamow tea Fruittea
tea [pph] tea taa Eresn tEa [pok] [opt] tea [opt] ta2 [potk] ez calming tea [pob] [pob] [ppt]
[ppb] [ppt] [ppt] [ppb] [ppb] [ppt] [ppt]

Element 0.8113 15364 20407 18933 1.7803 1.7085 05847 1.5031 13518 L.OAZ 5.0185 30887 41042 31189 14386
Li 300838 TTITEE TE330T ] 0. T4ITT TETIET TE003 [ G5 09T LR ] T TTETT 015331 TTIFTE T530ET 02007,

] T 1R TIETE PRYEEE] T37E0 TSNS BN 11013 PENE 1358 030857 030230 B EM T T30 0.51308
Mg B4.02068 | 17620070 | 110062381 | 11343470 120.§1290 | 104.67038 126.09720 | 13448631 144.44209 21184302 | 11544300 36.60238 112.23833 110.82084 22.40807
Al TIE0815 | 7RI TEHEN JLIETTE [3ET13153 B R 1322031 £ 83068 ERE 0 135803 T3 FEGEE EEEERM TT 26T DO
E 0 [1] [] 0 [1] [1] [1] [1] [1] [1] [1] [} [1] [1] 0
Ca T3 TI07E | 31535408 | T8 45478 | TaoI03E0 TIETERTT | TE43000T TR0 455 | STEERISS JETTETT GE3 [Z808 | F15E343 FULESEN I3 3400 0638054 TE8. 50400
=] - 015055 TIE0ES 01017 0. TE00% I 116 CI0PI% 1.05183 RN THLTS 0.06ETE ] U.0004% 0.00e
Mn 854315 5.65209 6612162 7130448 119.32530 0587712 £.03829 1L1ETT0 13.79037 L11787 0.E3020 3.74000 10.71360 4.62673 8.07123
Fe OOT00T | T07EE5T JER kN IEEE0ES 6302181 T35S T TDED [T3HET TE0ITY I TE THTETT I33EATE I73057% T30 )
Co 0.01634 0.08952 002856 0.04032 004818 0.03372 0.03410 0.028535 0.03092 004309 004837 002715 002382 0.01043 001672
i UITTED 06357 03TETT 043370 TGG2E] U3T7I0 T305TF U 13ET T TE0ET TITEET T390 017355 UTIE5% TTIEET 0077

(=1 JEFELE 152112 PP L1507 T3I0T T3E00 131061 CoET 07350 155352 [ERY PR MEMDE] ML 016013
Zn 1.61603 168430 373644 162911 2.31703 1.E7638 210724 141719 1.22366 270663 787003 107716 128133 1.7228] 0.56383
G2 008002 [R5 [EEED] 00274 003053 05058 PRGRER] OI5TIT 003350 T TITED [ O IT05 TI7TI07 TI0TTT 0.0TED
As 0.02431 0.04329 043845 017333 0.1374% 0.04712 0.07337 0.05287 0.02656 011744 004867 0.04306 0.04107 0.02057 0.01838
Ze 001205 TITED 0.00EIT 0.00EI0 00167 001070 0.07333 U.OTEET 000850 T.0E000 UI0FET 0.OT0T 0.O08T U.01IT 000187
Br 0.IT535E TEITID 033003 [EEEIEY PEREIE] PE LR LR REE] (Rt .56150 JEEREN] UTHIE T 8CTIE LR T3THE 015403
Az - - - - - - - - - - | 33806626 - - - -
Cd ITEE LETTT | §0 04559 | TETT0ET0 | 7T T3 83T 8133115 | 133543001 | 38583171 323007 PLPEI L I e SIE4E4ET TITEIE PR kR 33 EE 124
S0 - | 2765844 | B3304748 | 47376110 333.41793 | 41701418 - - 10862630 | 143099228 | 10837438 200.76660 131.13347 801308 4100714
Ce TESTATEE - TILEE | TEE000TE [ 1357100 TEAL.I0G TIEGLET [ENR] EEE TR T TEE | 430a0Ts | TTART0E [ Co0a9aay | J001o0am | SediBTens
Tt U [ TI0Emnas L] 000008 [1] 1] [1] [ 000006 [1] [ 0000001 [ [1] [1]
An 0| 00000165 | 0.0000013 0.000004 | 0.00000044 | Q0000016 0000023 0.000012 0.0:00029 0.000474 0.000004 0.000003 [1] 00000004 0.0000034
j:5 B - - B - - - - - - | O.OM3ES - - - -
Pt - | 0024405 0037977 0.031531 0.037513 - 0.040622 0.011833 - 0.042365 0104403 0.030142 003338 0.027244 -
i 0.00058E 0.00TI 0.00TIED 0008540 T [EREEE 0.O00E0Z 0.000314 T.000502 0.0 LRI 0000288 C.O004% U.0WIST O.I00170
i U OO0 [ ] 000131 TR0 [ E] 0001731 0001133 U019 UO0TIRS | 0O0EE 0001373 TO0I5T U.OWITE [STEN
U 0.000346313 0.002554 0.000538 0.001354 0.001503 0.000633 0.002670 0.001201 0.000504 0.001671 0000532 0.001483 0.00139 0.000313 0000603

Principal Component Analysis was performed with the software Unscrambler X 10.1 according to the humidity content,
ash and mineral concentrations in different samples of tea. This analysis identifies the assortments of teas chemically
similar. Principal component analysis was performed to assess the overall effect of chemical composition on the origin
of teas.

In Figure 1 and Figure 2 are presented the sample scores in reduced space and the influence of chemical composition
of the principal component analysis. Component 1 (PC1) explained 81% of the variation, while component 2 (PC2)
explained 17% of the variation, total percentage variation of the two principal components being of 98%.
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Fig. 1. The influence of chemical
composition of the principal
component analysis

In Figure 1 there is an agglomeration of types of tea in one group, only two types of tea are not grouped with the
others, the two types are Chamomile tea (C7) and linden tea (10) due to the much higher concentration of Mg in the two
teas against the other teas examined. The location of linden tea at the top of PC1 is due to the concentration of Sn.

Correlation Loadings (X)

Fig. 2. Distribution of chemical
compounds in tea
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Both Mg and Sn are the parameters that significantly influence the variation (their distribution in Figure 2 shows
them at a greater distance from origin located on the left side; the parameters on the left side of the component PC2 have
a greater influence than those located to the right side of the component). Figure 2 shows that Zn, Li, Cd and Ag
concentrations are situated close to the origin of the coordinates, indicating that these parameters are not useful in the
total variance. PC1 distinguishes the samples according to the content of Ce and U238, while PC2 distinguishes samples
according to the content of Se, Au and Sn.

Conclusions

Teas are considered to be small chemical laboratories because the plants which are so useful for their effects on the
body in some situations, concentrate essentially thousands of substances still unknown.

After grouping the various teas, the analysis showed that C11 tea samples are the richest in metals such as Pb, Ni,
Cd, Hg, Co. The quantities of Pb and Hg from analyzed samples do not represent a threat to health, even if consumed
in the desired amount, because in accordance with the European Food Safety Authority (EFSA) the permissible dose is
25ug Pb/kg body/daily respectively 1.6 ug Hg/kg body/daily.

Regarding the cadmium content, some samples have a higher quantity than the permissible dose such as: 2.72 times
for Chamomile tea (C7), 4.05 times for Goat Weed tea (C1) and of 5.96 times for Gentian tea (C11) even for a single
tea bag. For others tea assortments the consumption can be 2-10 tea bags without exceeding the permissible dose of 7ug
Cd/kg/daily (considered for an average body weight of 70 kg).

From the analyzed data of tea samples and taking into consideration the permissible doses for heavy metals according
to EFSA, except the three teas with a high content in Cd: Goat Weed (C1), Chamomile (C7) and Gentian (C11), the
other teas can be appreciated without health risk even if consumed in the desired amount.
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Fig. 1. The influence of chemical composition of the principal component analysis

In Figure 1 there is an agglomeration of types of tea in one group, only two types of tea are not grouped with the
others, the two types are Chamomile tea (C7) and linden tea (10) due to the much higher concentration of Mg in the two
teas against the other teas examined. The location of linden tea at the top of PC1 is due to the concentration of Sn.
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Fig. 2. Distribution of chemical compounds in tea

Both Mg and Sn are the parameters that significantly influence the variation (their distribution in Figure 2 shows
them at a greater distance from origin located on the left side; the parameters on the left side of the component PC2 have
a greater influence than those located to the right side of the component). Figure 2 shows that Zn, Li, Cd and Ag
concentrations are situated close to the origin of the coordinates, indicating that these parameters are not useful in the
total variance. PC1 distinguishes the samples according to the content of Ce and U238, while PC2 distinguishes samples
according to the content of Se, Au and Sn.

Conclusions

Teas are considered to be small chemical laboratories because the plants which are so useful for their effects on the
body in some situations, concentrate essentially thousands of substances still unknown.

After grouping the various teas, the analysis showed that C11 tea samples are the richest in metals such as Pb, Ni,
Cd, Hg, Co. The quantities of Pb and Hg from analyzed samples do not represent a threat to health, even if consumed
in the desired amount, because in accordance with the European Food Safety Authority (EFSA) the permissible dose is
25ug Pb/kg body/daily respectively 1.6 ug Hg/kg body/daily.

Regarding the cadmium content, some samples have a higher quantity than the permissible dose such as: 2.72 times
for Chamomile tea (C7), 4.05 times for Goat Weed tea (C1) and of 5.96 times for Gentian tea (C11) even for a single
tea bag. For others tea assortments the consumption can be 2-10 tea bags without exceeding the permissible dose of 7ug
Cd/kg/daily (considered for an average body weight of 70 kg).
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From the analyzed data of tea samples and taking into consideration the permissible doses for heavy metals according
to EFSA, except the three teas with a high content in Cd: Goat Weed (C1), Chamomile (C7) and Gentian (C11), the
other teas can be appreciated without health risk even if consumed in the desired amount.

References

[1] Yang Chun, Liu Yuan, Du Jun, Tang Bin (2012), SVM. Physics Procedia 33, 212-215.

[2] Mohamed H.H. Ali, Khairia M. Al-Qahtani (2012), Egyptian Journal of Aquatic Research 38, 31-37.

[3] Loretta Gratani, Maria Fiore Crescente, Laura Varone (2008), Atmospheric Environment 42, 8273-8277.

[4] A. Kasassi, P. Rakimbei, A. Karagiannidis, A. Zabaniotou ,K. Tsiouvaras, A. Nastis, K. Tzafeiropoulou (2008),
Bioresource Technology 99, 8578-8584.

[5] Shan Wu, Xinghui Xia, Chunye Lin, Xi Chen, Chuanhui Zhou (2010), Journal of Hazardous Materials 179, 860—
868.

[6] Suzhen Cao, Xiaoli Duan, Xiuge Zhao, Jin Ma, Ting Dong, Nan Huang, Chengye Sun, Bin He, Fusheng Wei
(2014), Science of the Total Environment 472, 1001-1009.

[7] Cristina Dinu, Eleonora Mihaela Ungurean, Gabriela Geanina Vasile, Lidia Kim, Luoana Florentina Pascu,
Marius Simion, (2018) Rev. ch. 69, (11) 3241-3247.

[8] Liao Guo-Li, Liao Da-Xue, Li Quan-Ming (2008), Trans. Nonferrous Met. Soc. China 18, 207-211.

[9] Wu Yao-guo, Xu You-ning, Zhang Jiang-hua, Hu Si-hai (2010), Transaction of Nonferrous Metals Society of
China 20, 688-694.

[10] Huang Yizong, Hu Ying, Liu Yunxia (2009), Acta Ecologica Sinica 29, 320-326.

[11] Q.X. Zhou, Z.M. Gao (1994), Elsevier, Agro-environmental Protection 13, 148-151.

[12] Sun Hong-fei, Li Yong-hua, Ji Yan-fang, Yang Lin-sheng, Wang Wu-yi, Li Hai-rong (2010), Trans.Nonferrous
Met.Soc.China 20, 308-314.

[13] Bin Fang, Xueqin Zhu (2014), Food Control 39, 62-67.

[14] Tsanangurayi Tongesayi, Patrick Fedick, Lauren Lechner, Christiana Brock, Arielle Le Beau, Chelsea Bray (2013),
Food and Chemical Toxicology 62, 142-147.

[15] Binggan Wei, Linsheng Yang (2010), Microchemical Journal 94, 99-107.

[16] Noor-ul-Amin, Anwar Hussain, Sidra Alamzeb, Shumaila Begum (2013), Food Chemistry 136, 1515-1523.

[17] lonescu P., Deak, G., DIACU E., RADU V.M., 2016) Rev. chim. 67 (11), 2148-2150.

[18] N. Sridhara Charya, C.T. Kamala, D. Samuel Suman Rajb (2008), Ecotoxicology and Environmental Safety 69,
513-524.

[19] Xin Li, Zhaowei Zhang, Peiwu Li, Qi Zhang, Wen Zhang, Xiaoxia Ding, (2013),. Food Research International
53, 649-658.

[20] Gardea-Torresdey JL, de la Rosa G, Peralta-Videa JR, Montes M, Cruz-Jimenez G, Cano-Aguilera I. (2005),.
Arch Environ Contam Toxicol, 48:225-32.

[21] Aldrich MV, Gardea-Torresdey JL, Peralta-Videa JR, Parsons JG. (2003), Environ Sci Technol; 37:1859-64.

[22] De la Rosa G, Peralta-Videa JR, Montes M, Parsons JG, Gardea-Torresdey JL.(2004), Chemosphere; 55:1159—
68.

[23] Beccaloni Eleonora, Fabiana Vanni, Massimiliano Beccaloni, Mario Carere, (2013), Microchemical Journal
107, 190-195.

[24] H. Tumir, J. Bo$nir, I. Vedrina-Dragojevic”, Z. Dragun d, S. Tomic”, D. Puntaric”, G. Jurak (2010), Food Control
21, 885-889.

[25] SR EN ISO 14082:2003-Determination of trace elements by atomic absorption spectrometry.

[26] Amariei, S., Gutt, G., & Oroian, M. (2017), Rev. Chim, 68(6), 1298-1301.

[27] Na Zheng, Jingshuang Liu, Qichao Wang, Zhongzhu Liang (2010), Science of the Total Environment 408, 726—
733.

Rev. Chim. ¢ 71 ¢ no. 2 ¢ 2020 ¢ https://revistadechimie.ro 169


https://revistadechimie.ro/

170



REV.CHIM.(Bucharest) ¢ 71 ¢ no. 1 ¢ 2020 1 http://www.revistadechimie.ro



