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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 7μg/kg body/daily, of Pb 25μg/kg body/daily, and of Hg is 1,6μg/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 

sample 
Name sample Ingredients 

C1 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 

C7 Chamomile Chamomile flowers (Chamomile ) 

C8 Mint Mint herb( Herba Menthae) 

C9 Multivitamin 

Zamos 40%, rosehips 36%,apple 7%, orange peel, 

blueberries flavor, blueberries, black currants, 

elderberries, vitamin C, niacin, vitamin E, pantothenic 

acid, vitamin B1 vitamin B2, folic acid, biotin, vitamin  

B12 

C10 Linden tea Linden flowers (Tiliae ) 

C11 Gentian Gentian (Asclepiadea) 

C12 Stomach calming tea 

Flowers of acacia (Acaciae), Comfrey root (Symphyti 

Radix), Valerian root (Radix Valerianae), Herba 

Anserinae, Chamomile flowers, Lemon balm 

herb(Herba Melissae) 

C13 Rosehip tea Rosehips 64%, Hibiscus 26%, Aronia 10 % 

C14 Yarrow plant 
Aerial part of the plant Achillea millefolium L., fam. 

Asteraceae 

C15 Fruit tea 
Zamos, rosehips, apple, orange peel, raspberry flavor 

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 (HNO3, Merck, Germany, Suprapur grade).  

Concentration (C) of heavy metals in samples obtained is expressed in µg/g sample and is calculated with the formula 

[26]: 

C
m

V
a        (1) 

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 

 

 
 

 

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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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. 

 

 
 

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 

25μg Pb/kg body/daily respectively 1.6 μg 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 7μg 

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. 

 

 

Fig. 2. Distribution of chemical 

compounds in tea 

 

Fig. 1. The influence of chemical 

composition of the principal 

component analysis 
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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. 

 
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 

25μg Pb/kg body/daily respectively 1.6 μg 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 7μg 

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. 
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