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Abstract
Tea is the world’s most common drink after water, and the world’s annual sales exceed $43 billion, of which more than 
$11 billion is green tea (Camellia sinensis (L.)). Increasing evidence continues to show that green tea consumption and 
its ingredients have a variety of potential health benefits. The aim of the study was to control and assess the toxicological 
risk (TRA) of three heavy metals (As, Pb, and Cd) in infusions of green tea (n = 12) from Polish markets. We applied the 
method of inductive coupled plasma mass spectrometry (ICP-MS) to determine the selected heavy metal and designed a 
specific toxicological risk assessment with three crucial tiers. The first tier of our strategy was to determine the elements 
investigated (heavy metal impurities, µg/L). The second step was to estimate the weekly intake of green tea infusions (µg/
week) based on weekly consumption. The third tier was to estimate the weekly intake per weight (µg/L/week/bw), based on 
the average weekly intake of green tea infusion per adult compared to the provisional weekly intake (PTWI) established by 
the FAO/WHO Joint Food Additives Expert Committee (JECFA). The levels of the investigated heavy metals occur at differ-
ent levels in all of the investigated green tea infusions. The heavy metal profile indicated that As (0.0721–10.585 µg/L), Pb 
(0.386–1.695 µg/L), and Cd (0.126–0.346 µg/L) were present in all samples. Basic analysis of general content shows that As 
(average = 0.325 µg/L) was at a level similar to Cd (average = 0.214 µg/L). Surprisingly, the Pb content (average 0.891 µg/L) 
was approximately 2.75–4 times higher than that of As and Cd, respectively. The application of our proposed safety assess-
ment methodology (three tiers) provides satisfactory results for regulatory purposes. The evaluation of the investigated heavy 
metals in all products analysed from green tea samples (infusions) showed that there were no health hazards to consumers 
due to weekly exposure. The results indicated that after drinking green tea infusions from Polish markets, the amount of 
investigated elements in weekly doses does not represent any health risks to consumers.
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Abbreviations
EAN	� European Article Number
HMI	� Heavy metal impurities
ICP-MS	� Inductively coupled plasma mass spectrometry
JECFA	� Joint FAO/WHO Expert Committee on Food 

Additives
PTWI	� Provisional tolerable weekly intake

Introduction

In general, tea is a popular beverage that is consumed by 
people all over the world. It contains polysaccharides, caf-
feine, polyphenols, amino acids, and antioxidants, and is 
beneficial to human health. Tea is the most widely con-
sumed beverage in the world, with annual sales exceeding 
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$43 billion worldwide, of which more than $11 billion is 
green tea (Camellia sinensis (L.) [4]. Furthermore, evidence 
is continuing to be produced that green tea consumption 
and its constituents have potential health benefits [3, 11, 
16–19]. The average daily consumption of green tea was 
three cups for tea consumers [7, 16, 17], while in some 
countries, it could reach 10 cups per day [11]. However, 
it should be noted that beer manufacturing practices and 
cup sizes are not universal. The composition of tea and tea 
beverages with polyphenols varies greatly depending on the 
techniques used and the preparations used [9, 10]. In Japan 
and China, loose tea leaves and tea bags are usually used 
for tea brewing in hot 100–150 mL cups, and in the USA, 
tea drinkers use 2.25 g (1 tea bag) in hot 180–240 mL cups 
[28].

In addition to food, beverages such as green tea can 
also be important sources of food intake of toxic ele-
ments in daily life. Therefore, regular consumption of 
green tea can contribute to daily nutritional require-
ments for several elements. Heavy metal impurities 
(HMI) are particularly important pollutants in the over-
all environment. HMI is a health hazard and a major 
public health concern worldwide [2, 12]. However, it 
is a very rare topic. In Poland, for example, Pb and Cd 
in diets (850 daily food rations of students) were deter-
mined among students from three universities in Lublin 

(in south-east Poland) to assess the levels of exposure to 
these contaminants, compared to PTWI and TDI values. 
Data show that in none of these cases, the intake level 
reached 70% of the PTWI/TDI value, and therefore, the 
risk of diseases associated with high exposure to these 
toxic metals absorbed from food is low. Koch et al. [18] 
also described a similar study on the diet intake of toxic 
heavy metals with major groups of food products (dif-
ferent foodstuffs). The results obtained show that both 
genders may have a high risk of nephrotoxicity due to Pb 
food intake. The food intake of other elements (Cd, Hg, 
Ni) was well below the limits set by the EFSA [5]. On 
the other hand, application of PCA (principal compo-
nent analysis) showed that cereals and vegetables were 
major contributors to a total intake of Cd, Ni, and Hg, 
while water and beverages were major dietary sources 
of Pb. Why HMI are so important from biological and 
environmental point of view? HMI are one of the most 
hazardous contaminants due to its nondegradable, per-
sistent, accumulative, and toxic nature in the environ-
ment [20-24]. Important links in the transfer of HMI 
from the soil to the human body are plants (including 
herbs used as tea infusions). The level of HMI in herbs 
is conditional, and the content is influenced by the geo-
chemical properties of the soil and the ability of the 
herbs to selectively accumulate HMI [20, 23, 24, 26]. 

Fig. 1   The workflow of the investigated studies: the comprehensive assessment of the toxicological risk of HMI in the green tea infusions 
available in Poland (n = 12)
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Normally, As (it is metalloid, however usually classified 
in toxicology as heavy metal), Pb, and Cd are classi-
fied as HMI in toxicology [24, 27]. It should be noted 
that because HMI is diversified in soil bioavailability, 
its content in raw herbs can vary considerably [1, 9, 
26, 27]. Therefore, a very important problem in modern 
environmental analysis is the monitoring and toxicologi-
cal risk assessment of HMI in consumer products with 
herbs (Jurowski et al., 2021, [21]. This problem is very 
important,however, there is a lack of adequate literature 
on the toxicological analysis of green tea infusion in 
relation to As, Pb, and Cd.

Therefore, the objective of this study is not to determine 
the selected heavy metals (As, Pb, Pb, and Cd), but rather 
to perform a comprehensive toxicological risk assessment 
of these HMI in green tea infusions available in Polish mar-
kets (n = 12). The reason for selecting these three metals 
is that As, Pb, and impurities are (1) the most important in 
toxicology (heavy metals), (2) our analytical possibilities, 
and (3) our scientific experience. Therefore, the rarity of 
this type of research in the field of comprehensive toxi-
cological risk assessment of HMI in consumer products 
requires appropriate scientific studies. The first tier of our 
research was analysis of raw results to prepare the HMI 
impurity profile (As, Pb, and Cd) in green tea infusions 
(g/L infusion), descriptive statistics, and comparison of 
raw results with existing data. The second tier was the esti-
mation of the weekly intake (g/L infusion/week) based on 
weekly tea consumption (approximately 21 cups–70 cups 
of green tea infusions per week based on the review of 
the literature [7, 11, 16, 17]. The last tier was the estima-
tion of the weekly intake per kg (g/L infusion per week/
bw) based on the weekly intake per person (approximately 
70 kg/bw), compared to the provisional tolerable weekly 
intake (PTWI) established by the FAO/WHO Food Addi-
tives Joint Expert Committee (JECFA). The novelty and 
great advantage of our study is the alternative solution to 
solve this problem by applying our comprehensive toxi-
cological health risk assessment strategy (three tiers) in 
contrast to routine approaches (like THQ hazard quotient). 
The idea of our study is presented schematically as the 
workflow in Fig. 1.

Characteristics of Green Tea Samples and Their 
Collection

Samples of commonly consumed green tea (all available 
products in Poland; n = 12 samples) were randomly collected 
from general stores in five cities in Poland. Gdańsk (18° 
40′E, 54°, 21′N), Kraków (19°56′ E, 50°04′ N), Rzeszów 
(22° 01 ′E, 50° 03′ N), Poznań (16° 58′E, 52° 25′N), and 
Warsaw (21°00′ E, 52°15′ N) from 10 July to 19 October 
2022. Samples from at least three different series were 
bought and mixed to make a representative sub-sample. 
Green tea samples were available on the market in different 
forms (such as silk, cotton, nylon, paper tea bags, leafy, and 
needle-like). Most green tea bags were packaged in boxes 
of 20–25 tea bags (containing 1.4–2.0 g of raw materials) 
or as raw materials (leaf/ needle). All samples were applied 
according to the manufacturer’s instructions, without any 
additional preparation steps (dry, cut, or (pre)wash). The 
descriptive characteristics of all green tea samples (n = 12) 
were randomly coded as GT1, GT2, etc. All important infor-
mation about the investigated samples (form, quantity of 
raw materials for the infusion process, time for the infusion 
process/brewing process, country of origin, EAN-European 
identification number) were briefly summarised in the Sup-
plementary Materials SM1 and also in our recently pub-
lished articles about other elemental impurities in green tea 
samples [6]

Chemicals

All chemicals used were of analytical grade and were 
applied for the preparation of all solutions of demineralised 

Table 1   The level of the analysed elements in applied multi-element 
stock solution

Element Concentration in applied 
multi-element stock solution, 
mg/L

As 97.0
Pb 9.9
Cd 10.0

Table 2   The optimized operating conditions of applied ICP-MS 
apparatus

Parameter Value (s)

Instrument Elan DRC-e Perkin Elmer (US)
Calibration External
RF power 1150
Dwell Time 250 ms
Sweeps/readings 4
Readings/replicates 2
Replicates 3
Spray chamber Cyclonic spray chamber
Nebulizer Meinhard nebulizer
Cooling gas flow rate (L/min) 17
Sampler cone Ni
Scanning mode Peak hopping
Plasma gas flow rate 15 L/min
Carrier gas flow rate 1.1 L/min
Composition gas flow rate 1.0 L/min
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water (Millipore). Ultrapure, demineralised water was 
obtained by the Milli-Q water purification system (Mili-
pore, Bedford, MA). Nitric acid (65%) was spectral grade 
(Merck SupraPur, Darmstadt, Germany).Three heavy met-
als, that is As, Pb, and Cd, were analysed. For this purpose, 
two multielement stock solutions (CHECL01.13632.0100 
and Merck 1.10580.0100) containing As, Cd, and Pb were 
used as internal standards. The concentrations of elements in 
multi-element stock solutions are shown in Table 1.

Instrumentations

For simultaneous multi-element detection of As, Pb, and 
Cd, the ICP-MS technique was applied based on our previ-
ous study [14, 15, 21]. The applied analytical instrument 
was an Elan DRC-e Perkin Elmer (US). Plasma excitation 
power was 1150 W,the gas flow rates for plasma gas, car-
rier gas, and makeup gas were 15.0, 1.1, and 1.0 L min−1, 
respectively. The optimised experimental parameters are 
summarised in Table 2. All details of the analytical calibra-
tion strategy and quality control were described in Supple-
mentary Material 2 (SM 2).

The Green Tea Infusion Process Procedure

The green tea infusion process was carried out according to 
the manufacturer’s requirements described in more detail in 
Supplementary Materials SM1 (i.e., the amount of raw mate-
rial and the time of infusion). This process involves adding 
200 mL of boiling water to the corresponding amount of tea 
material (silk/cotton/nylon/paper tea bags or leaves/needle-
like) in a 250-mL plastic flask. The tea infusion was mixed 
with a plastic stirring rod to ensure adequate irrigation and 
then covered for 3 to 8 min (depending on the recommended 
time for the boiling of the tea, that is, 3 to 10 min). Dur-
ing the brewing process, we did not add lemon juice or cit-
ric acid, as has been done in other studies for black teas 
[13], because the habits and practises of drinking green tea 
with added lemon juice or citric acid are not known in the 

literature. Furthermore, we did not determine the elements 
of the dry tea, since from a toxicological point of view, the 
amount of HMI only in the final infusions is important. After 
infusion, the obtained solution was decanted and cooled to 
room temperature until analysis was performed using an 
ICP-MS method. The summary of the idea of our study is 
schematically summarised as the workflow in Fig. 1.

Toxicological Risk Assessment Strategy

Our toxicological risk assessment was a comprehensive 
approach to get a suitable estimate of the health risks of the 
investigated HMI (As, Pb, and Cd) in the green tea infusions 
available in Poland (n = 17), which consisted of three crucial 

Table 3   Description of the applied triple-tier toxicological risk assessment strategy

Tier Description

1 Critical analysis of raw results based on determination of investigated heavy metal impurities (As, Pb, Cd) in green tea infusions (g/L of 
infusion):

Development of the HMI impurity profile (As, Pb, and Cd) in green tea infusions (g/L infusion)
Descriptive statistics (minimum, maximum, average, skewness, kurtosis);
Comparison of raw results with data from the existing literature [8]

2 Estimation of weekly intake (g/L infusion/week) based on weekly tea consumption (approximately 21 cups–70 cups of green tea infusions 
per week based on the review of the literature [7, 11, 16, 17]

3 3.1. Estimation of the weekly intake per kg (g/L infusion per week/bw) based on the weekly intake per person (approximately 70 kg/bw)
3.2. Comparison of the results obtained with the provisional tolerable weekly intake (PTWI) established by the FAO / WHO Joint Expert 

Committee (JECFA)

Fig. 2   The HMI profile (As, Pb, and Cd) profile of all investigated 
green tea samples (n = 12; GT1–GT12) from Polish markets after the 
infusion process (µg/L)
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levels described in Table 3, and presented schematically in 
Fig. 1.

Statistical Analysis

Preliminary data collection was performed using Excel 
2010 (Microsoft Office, authorised by the University of 
Rzeszów). All data are expressed as five independent 
replicas of the standard error (average standard error). 
Statistical descriptive statistics (minimum, maximum, 
average) were generated using Origin Pro 2022 Pro 
(licenced by the Jagiellonian University). The elemen-
tal impurity profiles were plotted using Origin Pro 2022 
(licenced by the Jagiellonian University).

Results and Discussion

Tier 1: The Critical Analysis of Raw Results Based 
on Determination of Investigated Heavy Metal 
Impurities (As, Pb, Cd) in Green Tea Infusions

The first level of our toxicological risk assessment consists of 
three important issues (Table 3): (1) development of the HMI 
impurity profile (As, Pb, and Cd) in green tea infusions (µg/L 
infusion), (2) descriptive statistics (minimum, maximum, aver-
age, skewness, kurtosis), and (3) comparison of raw results 
with existing literature data [8].

All investigated HMI (As, Pb, and Cd; n  = 12; 
GT1–GT12) are shown in Fig.  2 as a heavy metal 

Fig. 3   The plot as a box chart 
with normal distribution curve 
for the As level (μg/L) in the 
green tea samples analysed 
(infusions; GT1–GT12): A 
impurity profile of all samples; 
B impurity profile depending on 
country of origin
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impurity profile. To ensure better transparency and a 
more accurate analysis of each HMI separately, a box 
chart with normal distribution curve was prepared 
(Figs. 3, 4 and 5), including all samples investigated (A) 
and depending on the country of origin (B). Additionally, 
descriptive statistics (minimum, maximum, mean, RSD, 
curve, and skew) are shown in Table 4.

In general, all investigated HMI were present 
in all green tea samples (infusions) in the range: 
0.0721–1.695 μg/L. The As content varies (from 0.0721 
to 0.585 μg/L, average = 0.325 μg/L). Individual analy-
sis showed that the lowest As content was observed in 
GT8 (0.585 ± 0.018 μg/L) and the highest level was in 
GT3 (0.585 ± 0.09 μg/L). On the other hand, the level 

of Cd impurities also varies (in the range of 0.126 μg/L 
to 0.346 μg/L; mean = 0.891 μg/L). Finally, the content 
of Pb was relatively high (from 0.386 to 1.695 μg/L, 
average = 0.89 μg/L). Basic analysis of the general con-
tent shows that As (average = 0.325 µg/L) was at a level 
similar to Cd (average = 0.214 µg/L). Surprisingly, the 
content of Pb (average 0.891 µg/L) was approximately 
2.75–4 times higher than that of As and Cd, respectively. 
In all cases, the level of HMI was higher in samples from 
China than in Sri Lanka. Skewness and kurtosis values 
(Table 2) confirm the distribution and consistency of the 
results obtained.

Only one article is related to the determination of selected 
elements (As, Pb, and Cd) in green tea infusions [8]. The 

Fig. 4   The plot as box chart 
with normal distribution curve 
for Pb level (μg/L) in analysed 
green tea samples (infusions; 
GT1–GT12)
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comparison of the obtained (experimental) values as means 
with the data from the literature [8] is presented for the HMI 
investigated in Table 5.

Comparison of the results obtained (mean, µg/L) and 
the values from the literature [8],µg/L) indicates that our 
results are quite similar; however, there is no information 
on the number of green tea samples investigated in the 
study mentioned. Hence, our observations are indicative, 
and it is difficult to draw far-reaching conclusions.

Tier 2: Estimation of Weekly Exposure Based 
on the Intake of Green Tea

The second level of our toxicological risk assessment of 
HMI was the estimation of the weekly exposure based on 
the weekly intake of green tea. This is not easy because 
there are many ways to apply the analysed product 
according to the frequency of use. Based on the infor-
mation mentioned in the introduction, the average daily 

Fig. 5   The plot as box chart 
with normal distribution curve 
for the level of Cd level (μg/L) 
in the analysed green tea sam-
ples (infusions; GT1–GT12)

Table 4   The descriptive 
statistics of the investigated 
HMI in all the analysed samples 
(GT1–GT12)

Heavy metal Minimum, μg/L Maximum, μg/L Mean, μg/L RSD, % Kurtosis Skewness

As 0.0721 0.585 0.325 0.71–5.5  − 0.64 0.0551
Pb 0.386 1.695 0.891 1.32–8.22 0.35 0.967
Cd 0.126 0.346 0.214 1.91–4.58  − 0.34 0.687
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consumption of green tea (infusion) is approximately 
three cups per person per day, but in some countries, 
it can reach 10 cups per day. In Japan and China, loose 
tea leaves and tea bags are usually used for tea prepara-
tion using 100–150 mL, and in the USA, tea consumers 
use approximately 2.25 g (1 tea bag) using 180–240 mL. 
Therefore, for our study, we estimate weekly intake 
(µg/L infusion/week) based on weekly tea consumption 
(approximately 21 cups–70 cups of green tea infusions 
per week; 200 mL based on the review of the articles 
mentioned articles [7, 11, 16, 17]. The results obtained 
are summarised in Table 6. Due to the lack of any toxi-
cological reference values for this estimation, the dis-
cussion for this part is not possible; however, this tier is 
crucial for the last tier, the estimation of weekly intake 
depending on body weight based on weekly green tea 
consumption.

Tier 3: Estimation of the Weekly HMI Intake in Green 
Tea Samples (Infusion) Depending on Body Weight

The last level of our toxicological risk assessment was the 
estimation of the weekly intake based on body weight based 
on the weekly consumption of green tea. To do this, the 
weekly intake for each HMI in the investigated samples 
(Table 6) was calculated by dividing by 70 kg; average adult 
human weight recommended by EFSA [5]. The results are 
shown in Table 7.

The appropriate toxicological reference value for the 
final tier of the applied toxicological risk assessment 
was the comparison of the estimated weight-dependent 
weekly intake with the provisional tolerable weekly 
intake (PTWI) values. This is a widely applied param-
eter to determine the limits of essential nutrients in the 
diet, published by the FAO/World Health Organisation 
(JECFA) Expert Committee on Food Additives (JECFA) 
[5]. The concept of PTWI was established by the JECFA 
in 1972 as a weekly intake value, usually expressed as 
µg of pollutant per kg of body weight per week. FAO/
WHO Joint Committee of Experts on Food Additives 

(JECFA) reviews 22 food additives, including HMI: 
PTWIAs = 0.015  mg/kg [25], PTWIPb = 0.025  mg/kg 
[25], and PTWICd = 7.0 μg/kg [25]. For better readability, 
we calculated the ratio of the weekly intake values (µg/
kg bw/week) to established PTWIs; results are summa-
rised in Supplementary Materials 3 (SM3). The results 
obtained (see Supplementary Material 3; SM3) show that 
the weekly exposure of As, Pb, and Cd to PTWI is gener-
ally low (in any case, it does not exceed 1%). Therefore, 
we conclude that each of the products analysed in Polish 
markets does not pose any health hazards to consumers, 
including As, Pb, and Cd, at weekly exposures.

Conclusions

Proper control and comprehensive toxicological risk 
assessment of heavy metal impurities of green tea (infu-
sions) are a very important topic; however, there is a 
lack of appropriate scientific articles. Our study includes 
toxicological risk assessment based on three crucial 
tiers. The first level of our strategy shows that the level 
of heavy metals investigated in all green tea samples 
(infusions) investigated was relatively low. The heavy 
metal profile indicated that As (0.0721–10.585 µg/L), 
Pb (0.386–1.695 µg/L), and Cd (0.126–0.346 µg/L) were 
present in all samples. The basic analysis of the general 
content shows that As (average = 0.325 µg/L) was at a 
level similar to that of Cd (average = 0.214 µg/L). Sur-
prisingly, the content of Pb (average 0.891 µg/L) was 
approximately 2.75–4 times higher than that of As and 
Cd, respectively. The second level was to estimate the 
weekly intake of green tea infusions (µg/week) based on 
the weekly consumption. The third tier was to estimate 

Table 5   Comparison of the results obtained (means; µg/L) with val-
ues in the literature values (from [8]) for As, Pb, and Cd in green tea 
infusions

HMI Mean value in green tea samples (infusion)

Experimental mean value, µg/L Literature 
value [8], 
µg/L

As 0.325 ± 0.071 0.09–0.28
Pb 0.891 ± 0.083 0.52–1.31
Cd 0.214 ± 0.029 0.10–0.22

Table 6   The estimation of the weekly intake of HMI based on the 
consumption of weekly green tea infusions

Green tea sample 
(infusion)

Estimation of weekly intake, µg/week

As Pb Cd

GT1 1.354–4.512 3.717–12.390 0.85–11.91
GT2 2.261–7.538 7.119–23.731 1.46–20.40
GT3 2.456–8.186 6.267–20.890 1.36–19.05
GT4 1.666–5.552 5.201–17.338 1.17–16.33
GT5 0.947–3.157 2.998–9.992 0.56–7.82
GT6 1.478–4.926 2.902–9.672 0.81–11.31
GT7 1.817–6.057 3.553–11.844 0.83–11.58
GT8 0.303–1.009 1.889–6.298 0.59–8.27
GT9 0.858–2.859 2.946–9.820 0.77–10.82
GT10 0.522–1.741 1.621–5.402 0.53–7.42
GT11 1.647–5.492 3.225–10.748 0.86–12.06
GT12 1.064–3.546 3.465–11.550 1.01–14.10
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the weekly intake per weight (µg/L/week/bw), based on 
the average weekly intake of green tea infusion per adult 
compared to the provisional weekly intake (PTWI) estab-
lished by the FAO/WHO Joint Food Additives Expert 
Committee (JECFA). The levels of the investigated heavy 
metals occur at different levels in all of the investigated 
green tea infusions.

The results obtained show that As, Pb, and Cd are gen-
erally low in weekly exposure to PTWI (in any case, no 
more than 1%). Consequently, we concluded that every 
product analysed does not present any health risk to con-
sumers at the weekly level, including As, Pb, and Cd. 
The results indicated that the HMI levels in the weekly 
dose should not represent any health hazard to the con-
sumer after drinking green tea (infusions) available in 
Polish markets.

To the best of our knowledge, our comprehensive tri-
ple-tier HMI research strategy provides pioneering data, 
which may be valuable to other researchers and manu-
facturers. In addition, well-designed toxic risk assess-
ment methods are useful and important for regulatory 
toxicology studies.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12011-​023-​03665-5.

Author Contribution  KJ: methodology, formal analysis, investigation, 
writing — original draft, visualization; MK: methodology, formal 
analysis, writing — original draft; MK: validation, methodology; EKP: 
samples collection, formal analysis.

Data Availability  All data generated or analysed during this study are 
included in this published article and its supplementary information 
file.

Code Availability  Not applicable.

Declarations 

Ethics Approval  Not applicable.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Adamczyk-Szabela D, Markiewicz J, Wolf WM (2015) Heavy 
metal uptake by herbs. IV. Influence of soil pH on the content 
of heavy metals in Valeriana officinalis L. Water Air Soil Pollut 
226(4):1–8

	 2.	 Amin S, Muhammad S, Fatima H (2021) Evaluation and risks 
assessment of potentially toxic elements in water and sediment 
of the Dor River and its tributaries, Northern Pakistan. Environ 
Technol Innov 21:101333

	 3.	 Cassidy A, Rogers G, Peterson JJ, Dwyer JT, Lin H, Jacques PF 
(2015) Higher dietary anthocyanin and flavonol intakes are associ-
ated with anti-inflammatory effects in a population of US adults. 
Am J Clin Nutr 102(1):172–181

	 4.	 Euromonitor (2015) Tea global corporate strategy: diversity and 
tea experience. Euromonitor International. Available at: http://​

Table 7   The estimation of 
weekly intake per body weight 
based on weekly consumption 
of green tea

Green tea sample 
(infusion)

Estimation of weekly intake, µg/week/bw

As Pb Cd

GT1 1.93E − 02–6.45E − 02 5.31E − 02–1.77E − 01 1.22E − 02–4.05E − 02
GT2 3.23E − 02–1.08E − 01 1.02E − 01–3.39E − 01 2.08E − 02–6.94E − 02
GT3 3.51E − 02–1.17E − 01 8.95E − 02–2.98E − 01 1.94E − 02–6.48E − 02
GT4 2.38E − 02–7.93E − 02 7.43E − 02–2.48E − 01 1.67E − 02–5.55E − 02
GT5 1.35E − 02–4.51E − 02 4.28E − 02–1.43E − 01 7.98E − 03–2.66E − 02
GT6 2.11E − 02–7.04E − 02 4.15E − 02–1.38E − 01 1.15E − 02–3.85E − 02
GT7 2.60E − 02–8.65E − 02 5.08E − 02–1.69E − 01 1.18E − 02–3.94E − 02
GT8 4.32E − 03–1.44E − 02 2.70E − 02–9.00E − 02 8.44E − 03–2.81E − 02
GT9 1.23E − 02–4.08E − 02 4.21E − 02–1.40E − 01 1.10E − 02–3.68E − 02
GT10 7.46E − 03–2.49E − 02 2.32E − 02–7.72E − 02 7.57E − 03–2.52E − 02
GT11 2.35E − 02–7.85E − 02 4.61E − 02–1.54E − 01 1.23E − 02–4.10E − 02
GT12 1.52E − 02–5.07E − 02 4.95E − 02–1.65E − 01 1.44E − 02–4.80E − 02

https://doi.org/10.1007/s12011-023-03665-5
http://creativecommons.org/licenses/by/4.0/
http://www.euromonitor.com/tea-global-corporate-strategy-diversity-and-tea-experience/report


396	 K. Jurowski et al.

1 3

www.​eurom​onitor.​com/​tea-​global-​corpo​rate-​strat​egy-​diver​sity-​
and-​tea-​exper​ience/​report

	 5.	 EFSA Scientific Committee (2012) Guidance on selected default 
values to be used by the EFSA Scientific Committee, Scientific 
Panels and Units in the absence of actual measured data. EFSA 
journal, 10(3), 2579. https://​www.​efsa.​europa.​eu/​en/​efsaj​ournal/​
pub/​2579

	 6.	 Frydrych A, Noga M, Milan J, Kondratowicz-Pietruszka E, 
Krośniak M, Jurowski K (2023) New and traditional elemental 
impurities (Ag, Au Co, Cr, Cs, Li, Mo, Se, and Sr) in green tea 
(Camellia sinensis (L) infusions available in Poland: impurity 
profile and toxicological risk assessment. Nutrients 15(6):1460

	 7.	 Hakim IA, Harris RB, Brown S, Chow HS, Wiseman S, Agarwal 
S, Talbot W (2003) Effect of increased tea consumption on oxida-
tive DNA damage among smokers: a randomized controlled study. 
J Nutr 133(10):3303S-3309S

	 8.	 Heshmati A, Mehri F, Karami-Momtaz J, Khaneghah AM (2020) 
The concentration and health risk of potentially toxic elements in 
black and green tea—both bagged and loose-leaf. Qual Assur Saf 
Crops Foods 12(3):140–150

	 9.	 Hiller KO, Zetler G (1996) Neuropharmacological studies on 
ethanol extracts of Valeriana officinalis L.: behavioural and anti-
convulsant properties. Phytotherapy Res 10(2):145–151

	10.	 Hu J, Webster D, Cao J, Shao A (2018) The safety of green tea and 
green tea extract consumption in adults–results of a systematic 
review. Regul Toxicol Pharmacol 95:412–433

	11.	 Imai K, Suga K, Nakachi K (1997) Cancer-preventive effects 
of drinking green tea among a Japanese population. Prev Med 
26(6):769–775

	12.	 Jehan S, Muhammad S, Ali W, Hussain ML (2022) Potential risks 
assessment of heavy metal (loid) s contaminated vegetables in 
Pakistan: a review. Geocarto Int 37(24):7287–7302

	13.	 Jeszka-Skowron M, Krawczyk M, Zgoła-Grześkowiak A (2015) 
Determination of antioxidant activity, rutin, quercetin, phenolic 
acids and trace elements in tea infusions: Influence of citric acid 
addition on extraction of metals. J Food Compos Anal 40:70–77

	14.	 Jurowski K, Fołta M, Tatar B, Berkoz M, Krośniak M (2022) The 
toxicological risk assessment of lead and cadmium in Valeriana 
officinalis L, radix (Valerian root) as herbal medicinal product for 
the relief of mild nervous tension and sleep disorders available in 
Polish pharmacies. Biol Trace Elem Res 200(2):904–909

	15.	 Jurowski K, Kondratowicz-Pietruszka E, Krośniak M (2023) The 
toxicological safety assessment of heavy metal impurities (As, 
Pb, and Cd) in mint tea infusions (Mentha piperita L.) available 
in Polish markets. Biol Trace Elem Res 201:2627–2635

	16.	 Kaegi E (1998) Unconventional therapies for cancer: 2. Green tea 
CMAJ 158(8):1033–1035

	17.	 Khokhar S, Magnusdottir SGM (2002) Total phenol, catechin, 
and caffeine contents of teas commonly consumed in the United 
Kingdom. J Agric Food Chem 50(3):565–570

	18.	 Koch W, Czop M, Iłowiecka K, Nawrocka A, Wiącek D (2022) Die-
tary intake of toxic heavy metals with major groups of food prod-
ucts—results of analytical determinations. Nutrients 14(8):1626

	19.	 Marzec Z, Koch W, Marzec A (2014) Dietary exposure to cad-
mium, lead and nickel among students from south-east Poland. 
Annal Agric Environ Med 21(4):825–828

	20.	 Miroslawski J, Wiechula D, Kwapulinski J, Rochel R, Loska K, 
Ciba J (1995) The occurence of Pb, Cd, Cu, Mn, Ni, Co and Cr in 
selected species of medicinal plants in Poland. Bromatol Chem 
Toksykol 28:363–368

	21.	 Milan J, Frydrych A, Noga M, Kondratowicz-Pietruszka E, Krośniak 
M, Jurowski K (2022) The control of novel and traditional elemental 
impurities: Ag, Au Co, Cs, Li, Mo, Se, Sr, and V in mint tea infusions 
(peppermint, Mentha piperita L.) available in Poland: a health risk 
assessment. Int J Environ Res Public Health 19(24):16564

	22.	 Muhammad S, Ali W (2022) Potentially harmful elements accu-
mulation and health risk assessment of edible fish tissues caught 
from the Phander Valley, Northern Pakistan. Biol Trace Elem Res 
200(11):4837–4845

	23.	 Muhammad S, Usman QA (2022) Heavy metal contamination in 
water of Indus River and its tributaries, Northern Pakistan: evaluation 
for potential risk and source apportionment. Toxin Rev 41(2):380–388

	24.	 Ren S, Song C, Ye S, Cheng C, Gao P (2022) The spatiotemporal 
variation in heavy metals in China’s farmland soil over the past 
20 years: a meta-analysis. Sci Total Environ 806:150322

	25.	 WHO (2011) Evaluation of certain food additives and contami-
nants: eightieth report of the Joint FAO/WHO Expert Commit-
tee on Food Additives, https://​apps.​who.​int/​food-​addit​ives-​conta​
minan​ts-​jecfa-​datab​ase. Accessed 11 Jan 2023

	26.	 Wierzchowska-Renke K, Ivancheva S, Kurteva M (1997) Effect 
of environment pollution on the composition of polyphenol and 
bioelements content in Achillea millefolium L and Tanacetum 
_ulgare L. Herba Pol 43(413):418

	27.	 Yan X, An J, Yin Y, Gao C, Wang B, Wei S (2022) Heavy met-
als uptake and translocation of typical wetland plants and their 
ecological effects on the coastal soil of a contaminated bay in 
Northeast China. Sci Total Environ 803:149871

	28.	 Yang DJ, Hwang LS, Lin JT (2007) Effects of different steeping 
methods and storage on caffeine, catechins and gallic acid in bag 
tea infusions. J Chromatogr A 1156(1–2):312–320

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://www.euromonitor.com/tea-global-corporate-strategy-diversity-and-tea-experience/report
http://www.euromonitor.com/tea-global-corporate-strategy-diversity-and-tea-experience/report
https://www.efsa.europa.eu/en/efsajournal/pub/2579
https://www.efsa.europa.eu/en/efsajournal/pub/2579
https://apps.who.int/food-additives-contaminants-jecfa-database
https://apps.who.int/food-additives-contaminants-jecfa-database

	The Control and Comprehensive Safety Assessment of Heavy Metal Impurities (As, Pb, and Cd) in Green Tea Camellia sinensis (L.) Samples (Infusions) Available in Poland
	Abstract
	Introduction
	Characteristics of Green Tea Samples and Their Collection
	Chemicals
	Instrumentations
	The Green Tea Infusion Process Procedure
	Toxicological Risk Assessment Strategy
	Statistical Analysis

	Results and Discussion
	Tier 1: The Critical Analysis of Raw Results Based on Determination of Investigated Heavy Metal Impurities (As, Pb, Cd) in Green Tea Infusions
	Tier 2: Estimation of Weekly Exposure Based on the Intake of Green Tea
	Tier 3: Estimation of the Weekly HMI Intake in Green Tea Samples (Infusion) Depending on Body Weight

	Conclusions
	Anchor 15
	References


