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A B S T R A C T

In this study twelve trace elements were investigated in herbal tea commercialized in Brazil. Boldo, Chamomile,
Mate and Peppermint tea samples were acquired in Brazil local markets and both herbs and their infusions were
evaluated. Trace elements were classified in two groups: poorly (Al, As, Ba, Cd, Cr, Fe, Pb and Se) and mod-
erately (Cu, Mn, Ni and Zn) extractable. This patterned showed that even levels above threshold established by
Brazilian and MERCOSUR regulations were observed in herbal tea (Cd and Pb in 89% and 78% of mate and
peppermint tea samples, respectively), their infusions did not presented toxic levels. The estimative of exposure
and dietary intake revealed important values for a daily consumption of a single cup of herbal infusion and an
unique composition was also verified for herbal tea samples: although age and origin was unavailable, multi-
variate analysis classified the samples in four distinct groups.

1. Introduction

Tea (Camellia sinensis) is one of the most consumed non-alcoholic
beverages in world and herbal tea also constitute a good source of
minerals, vitamins and antioxidant compounds [1]. Herbal tea infusions
are commonly associated with healthy benefits such as the reduction of
arterial hypertension and cholesterol and better immunologic response
[2].

Trace elements composition in herbal tea is highly related to the soil
constitution, climate, plant ability to accumulate nutrients and en-
vironmental pollution [3,4]. Besides some trace elements (for example,
chromium, copper, iron, manganese, selenium and zinc) exhibit an
important role in human nutrition, at high levels they may present risk
for human health including low oxygen absorption in blood, kidney and
liver diseases [5,6]. For non-essential trace elements, such as alu-
minum, arsenic, barium, cadmium, lead and nickel, even low levels
may cause toxic effects which include cancer, skin, gastrointestinal and
neurological disorders [5,7].

In a previous study of our research group, a direct method was
evaluated to determine trace elements in herbal tea infusions and soft
drinks by ICP-MS. Low values were found for inorganic contaminants,
such as arsenic (< 0.46-7.73 μg L−1); cadmium (< 0.053- 1.05 μg L−1)
and lead (< 0.39-0.42 μg L−1) whilst manganese demonstrated the
nutritional importance of these beverages, ranging from 94 to 7641 μg
L−1 [8]. Trace elements were also evaluated in tea leaves and their
infusions using inductively coupled plasma-mass spectrometry (ICP-

MS). Although arsenic and lead were found in levels above the
threshold established by Brazilian [9] and MERCOSUR [10] regula-
tions, these inorganic contaminants exhibited a poor extraction from
tea leaves to their infusions and safe levels were determined in tea in-
fusions [11].

A study of micro and macroelements in several plants such as tea,
coffee, mate, rooibos, honeybush and chamomile was reported by Malik
et al. [12]. The authors found high levels of B, Ca, Cu, Mn, Mg and Zn in
mate tea; B, Ca, Cu, Fe and P in chamomile tea and low values of
elements in rooibos and honeybush infusions. Aluminum was found
in high levels in tea and mate samples: 123–551mg kg−1 and
0.055–1.73mg L−1 in raw materials and infusions, respectively. In the
same year, Özcan et al. [13] reported a study of mineral content in
herbs and herbal tea beverages. The authors evaluated the mineral
extraction behavior using two procedures (infusion and decoction) at
three times (10, 15 and 20min) and verified that both procedures reach
an efficient mineral extraction at 10min. Suliburska & Kaczmarek [2]
performed a complete study with herbal tea purchased in Poland. The
research group results demonstrated that chamomile and peppermint
infusions are good source of minerals such as copper, iron and zinc.

More recently, Gómez-Nieto et al. [1] performed a study of nine
elements in herbal teas commercialized in Spain using atomic absorp-
tion spectroscopy. The authors found levels within the international
agencies thresholds except for Cd in thyme and chamomile samples,
reaching 0.58 and 0.50mg kg−1, respectively. Zivkovic et al. [14]
proposed an alternative analytical method for manganese and barium
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determination in peppermint tea using laser induced breakdown spec-
troscopy and the authors verified a good agreement between the pro-
posed method and the ICP OES conventional determination. de Oliveira
et al. [15] evaluated Al, As, Cd, Cr and Pb in tea and herbal tea samples
from several countries, including USA, China, Brazil, Canada, India,
Pakistan and Peru. The authors found relevant values for Al intake for
children and adults who consume larges amounts of black tea.

Although studies of mineral content in tea and medicinal herbs have
been performed worldwide, to the best of our knowledge, few studies
were reported in literature concerning trace elements levels in both
herbal tea and their infusions. Thus, the main objectives of this study
were to i) investigate the levels of twelve trace elements (Al, As, Ba, Cd,
Cr, Cu, Fe, Mn, Ni, Pb, Se, and Zn) in herbal tea and their extraction to
their infusions; ii) estimate the daily intake of micronutrients and the
dietary exposure to inorganic contaminants by daily consumption of
one cup of herbal tea and iii) classify the herbal tea samples using
multivariate analysis. Samples of boldo, chamomile, mate and pep-
permint tea were purchased in Brazil and trace elements levels were
quantified by ICP-MS.

2. Materials and methods

2.1. Reagents

Water and nitric acid were purified by reverse osmosis (Gehaka, São
Paulo, Brazil, 18.2MΩ cm) and sub-boiling distiller (Berghof, Eningen,
Germany), respectively. Analytical curves were prepared using
1000mg L−1 certified standard solutions (Merck, Darmstadt, Germany)
in the following ranges: 0.1–100 μg L-1 for As, Cd, Cr, Cu, Ni, Pb and Se;
10-2000 μg L-1 for Al, Ba, Fe, Mn and Zn in 0.2% (v/v) HNO3. A
250 μg L−1 (v/v) internal standard solution was obtained by dilution of
100mg L-1 certified standard solutions of Sc, Ge and Y (Specsol, São
Paulo, Brazil) in 0.2% (v/v) HNO3 for all elements, excepting for As,
prepared in 2.5% (v/v) isopropyl alcohol.

2.2. Herbal tea samples

Thirty-six samples of herbal tea were purchased from markets in
southeastern Brazil: Boldo (Pneumus boldus Molina leaves, n= 9);
Chamomile (Matricaria recutita L. flowers, n= 9); Mate (Ilex para-
guariensis St. Hil. leaves and stalks, n= 9) and Peppermint (Mentha pi-
perita L leaves and branches, n= 9). Samples were acquired from 3
individual lots of 3 brands, totalizing 9 samples of each type of herbal
tea. Infusions were prepared by brew the herbal tea bags, considering
the proportion recommended by manufactures: 1 bag (ca. 1.5 g) for a
200mL cup. Boiling purified water was added to the herbal tea bags
and kept in contact for 3min. The infusion was filtrated through a
0.25mm polymeric membrane and acidified with purified nitric acid to
obtain a 0.2% (v/v) acid solution.

2.3. Instrumentation

Trace elements Al, As, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, and Zn
were determined using an ICP-MS (7700x, Agilent Technologies, Tokyo,
Japan) operating with the follow conditions: RF power= 1550W; Ar
flow rate= 15 L min−1; Ar auxiliary flow rate= 0.9 L min−1; He flow
rate= 5 and 10mL min−1; double pass spray chamber; micro-mist
nebulizer with gas flow rate= 1.1 L min−1 and 0.3–1.0 s for integration
time.

Isotopes 27Al, 52Cr, 55Mn, 56Fe, 60Ni, 63Cu, 66Zn, 75As, 80Se, 111Cd,
138Ba, 206Pb, 45Sc, 72Ge and 89Y were monitored using conditions that
attenuate mass interferences. For infusions, a discrete sampling in-
troduction system (ISIS-DS) with 150 μL loop; 40 s for uptake and ac-
quisition delay and rinse time during data acquisition was also applied.

2.4. Analytical methods

Trace elements were determined in herbal tea infusions applying a
direct method [8]: infusions were acidified with HNO3 to obtain a 0.2%
(v/v) acid concentration and directly analyzed using ISIS-DS system.

Trace elements were analyzed in herbal tea after closed microwave
decomposition (Start D, Milestone, Sorisole, Italy) at 170 °C (max-
imum), for 32min, using the procedure described in our previous work
[11]. Briefly, 0.2 g of herbal tea homogenized in a stainless steel mill
(M-20, IKA, Staufen, Germany) was weighted in a digestion vessel and
3mL of water and 5mL of purified nitric acid were added. Final solu-
tions were diluted to 25mL in volumetric flasks using purified water.

2.5. Quality control and statistical analysis

For quality control, sample analysis was performed in triplicate and
blank experiments followed the same procedure used for herbal tea
samples. Analytical methods were validated based on INMETRO re-
commendations [16]. Limits of detection (LOD) and quantification
(LOQ) were calculated as 3 and 10 times the standard deviation of 10
blank experiments and multiplied by the dilution factor used in sample
procedure: 100x (250mg / 25mL) for herbal tea and 1x for infusions.
The LOD and LOQ values ranged from 0.001 to 2.0mg kg−1 and 0.004
to 6.7 mg kg−1, respectively, for herbal tea, and from 0.09 to 10 μg L−1

and 0.053 to 35 μg L−1, respectively, for infusion. Linearity of the
analytical curves was determined by the correlation coefficient
(Pearson or “r”) and obtained values were r> 0.9999.

Accuracy was verified using certified reference materials SRM 1547
Peach leaves (NIST, Maryland, USA) and INCT-TL-1 Tea leaves (Instytut
Chemii i Techniki Jądrowej, Warszawa, Poland) and spiked experi-
ments. Recoveries ranging from 77 to 118% and from 82 to 120% were
verified for certified reference materials and spiked experiments, re-
spectively. Both values were in agreement with AOAC [17]: 75–120%.
Precision was evaluated considering the coefficient of variation (CV, in
percentage) for 16 replicates of herbal tea and their infusions. Values
ranged between 1–11% and 2–17%, respectively. Both values were in
agreement with AOAC recommendation [17]:< 32% for 10 μg kg−1

and< 16% for 1mg kg−1 [8,11].
Statistical one-way analysis of variance (ANOVA) and Tukey’s test

were performed using XLSTAT software (Addinsoft, Paris, France).
Principal component analysis (PCA) was executed using Pirouette
software (Infometrix, Woodinville, WA, USA).

3. Results and discussion

3.1. Trace elements in herbal tea

The levels of Al, As, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, and Zn were
determined in herbal tea samples and the values obtained are described
in Table 1.

Despite the different visual appearance, according to the ANOVA
and Tukey’s test results, trace elements levels were similar in boldo,
chamomile and mate tea samples. Distinguish composition were ver-
ified for few elements, such as Ba, Mn and Zn. The highest levels of
these elements were found in mate tea samples: 75.2, 1405 and
81mg kg−1, respectively. In general, peppermint tea samples presented
the highest values for trace elements: Fe levels were up to 2-fold higher
than the levels found in boldo, chamomile and mate tea samples (max.
1198 and 565mg kg−1, respectively).

Few studies are reported in the literature concerning trace elements
levels in herbs and herbal tea. In general, trace elements levels found in
our study are in agreement with the study reported by Malik et al. [12],
which evaluated tea, coffee, mate, rooibos, honeybush and chamomile
commercialized in Czech Republic. For mate tea samples, that authors
found similar levels for Cu (7.98–12.7mg kg−1), Fe (83.4–88.1mg
kg−1), Mn (309 - 114mg kg−1) and Ni (1.95–3.10mg kg−1) and high
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levels for chamomile tea samples: Cu=29.1 ± 8.3mg kg−1 and
Ni= 2.87 ± 0.45mg kg−1, respectively. In our study, however, high
values for Al and Zn were observed, ranging from 367 to 690mg kg−1

and 40–105mg kg−1, respectively, being 2.5-fold higher than those
reported by Malik et al. [12].

Arpadjan et al. [18] performed a study for arsenic, cadmium and
lead in chamomile and peppermint purchased in Bulgaria and found
higher Cd and Pb levels than the present study, ranging from 22 to
256 μg kg−1 and from 288 to 2580 μg kg−1, respectively. For arsenic,
similar levels were observed, ranging from 82 to 225 μg kg−1. Özcan
et al. [13] reported a study of several trace elements in herbs and herbal
teas purchased in Turkey. The herbal teas included peppermint (Mentha
piperita L.) and chamomile tea (Matricaria chamomilla) and the authors
verified similar results for Ba and Cd in peppermint tea and for Cd, Cu
and Zn in chamomile tea. In general, Özcan et al. [13] found lower
values for trace elements in herbal tea samples than those reported in
the present study, except for Se (1.65mg kg−1) in peppermint tea and
for As (16.4mg kg−1), Cr (11.19mg kg−1), Ni (3.71mg kg−1) and Pb
(1.31mg kg−1) in chamomile tea.

A study of mineral and trace elements in herbs consumed for
medical purpose in Poland was reported by Pytlakowska et al. [19]. In
general, similar or lower levels than our study were observed for Al, Ba,
Fe and Mn in peppermint (Mentha x piperita) and chamomile (Matricaria
chamomilla L.). For Cu and Zn, high levels were reported by the authors
in peppermint samples, ranging from 1.49 to 1.75 and 55.2 to
75.3mg kg−1, respectively.

More recently, Borges et al. [20] proposed a method for Cd and Cr
determination in mate samples using an absorption spectrometric
technique. The authors found levels between 0.28–2.06mg kg−1 and
0.27–2.37mg kg−1, respectively in samples purchased in Brazil. These
values were higher than those found for Cd in the present study, which
ranged from 0.246-0.774mg kg−1 and similar for Cr (0.80–3.91mg
kg−1). These results may be due to difference in soil nutrients, rainfall
incidence and altitude in herbal tea cultivated area [12]. The origin of
herbal tea is often unspecified and herbal tea sachet is constituted by a
pool of herbal leaves and/or flowers from different locations [11].

Concerning the inorganic contaminants, Brazilian and MERCOSUR
regulations set maximum limits for arsenic (0.6mg kg−1), cadmium
(0.4 mg kg−1) and lead (0.6mg kg−1) in tea, yerba mate and other in-
fused vegetables [9,10]. The obtained results showed that for some
samples these thresholds were achieved: Cd in mate samples (89%) and
Pb in chamomile (11%); mate (11%) and peppermint (78%) samples.

3.2. Multivariate analysis

Multivariate analysis is an important tool to interpret analytical
data. Principal components analysis (PCA) algorithm allows classifying

samples based on chemical composition. In this study, data was orga-
nized in a matrix (36×12): lines and columns corresponding to the
herbal tea samples and the trace elements, respectively. Auto escalated
pre-processing was used and no samples were considered outliers.

Two principal components can explain 79.3% of the total variance
(Factor 1=40.6%; Factor 2=38.7%) and were chosen for further
analysis. The first principal component (Factor 1) is related to the trace
elements Al (0.4163), As (0.3556), Cu (0.3896), Fe (0.4305) and Pb
(0.4052) whereas the second principal component (Factor 2) is related
to Ba (0.4158), Cd (0.4351), Mn (0.4473), Ni (0.4190) and Zn (0.4403).
The values in the parentheses correspond to the loading values. The
results are presented in Fig. 1.

From Fig. 1 four groups were clearly recognized:

• Group 1 (Mate tea samples) associated with Ba, Cd, Mn and Zn le-
vels (elements with high loading values in Factor 2);
• Group 2 (mainly Boldo tea samples) associated with low Ba, Cd, Mn
and Zn levels (elements with low loading values in Factor 1);
• Group 3 (Chamomile tea samples) associated with As, Cr and Se
levels (elements with loading values near to 0.3 in Factor 1);
• Group 4 (Peppermint tea samples) associated with Al, Cu, Fe, Pb
levels (elements with high loading values in Factor 1)

PCA classified correctly herbal tea samples, except for one chamo-
mile tea sample which present similar chemical composition with boldo
tea samples. These results are significant due to origin and age of herbal
tea when harvested was not available.

3.3. Trace elements in herbal tea infusions and extraction from the herbs to
the infusions

Herbal tea infusions were prepared brewing the herbal tea bags in
the recommended proportion by manufacturers: 1 bag (ca. 1.5 g) for a
200mL cup. The levels of Al, As, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, and
Zn in herbal tea infusions and the percentage of extraction from the
herbal tea to the infusions are presented in Table 2.

In general, trace elements levels in herbal infusions revealed low
variation for boldo, chamomile and peppermint infusions, according to
the ANOVA and Tukey’s test results. Nevertheless for Cd, Cu and Fe, a
significant difference was observed: Cd in chamomile infusions reached
0.24 μg L−1 whilst it was not quantifiable in boldo and peppermint
infusions; Cu and Fe average levels were above 26.1 μg L−1 and 32.4 μg
L−1 in chamomile and peppermint infusions, respectively.

Similarly to the herbal tea bags, few studies were dedicated to trace
elements investigation in herbal tea infusions. In the study performed
by Malik et al. [12], Al, Cu, Fe and Ni levels in chamomile and mate
infusion were higher than those observed in our study, being Al levels

Table 1
Trace elements levels in herbal tea samples.

Herbal tea: Mean (range), mg kg−1

Element Boldo (n= 9) Chamomile (n=9) Mate (n=9) Peppermint (n=9)

Al 153 (53-254)a 513 (174-1268)b 542 (367-690)b 990 (681-1451)c

As 0.064 (0.025-0.108)a 0.107 (0.027-0.228)a 0.062 (0.026-0.100)a 0.160 (0.088-0.199)b

Ba 30.9 (20.3-42.8)b 13.7 (5.30-25.1)a 75.2 (60.9-89.3)c 25.5 (22.0-30.6)b

Cd 0.018 (0.006-0.045)a 0.14 (0.090-0.251)b 0.572 (0.246-0.774)c 0.039 (0.027-0.077)b

Cr 1.34 (0.04-2.82)a 1.77 (1.23-2.98)a 1.87 (0.80-3.91)a 3.31 (2.37-4.59)b

Cu 3.1 (2.6-3.5)a 9.2 (7.7-11.6)b 11.0 (9.5-12.2)c 14.8 (13.1-19.9)d

Fe 139 (60-283)a 356 (164-565)b 280 (103-437)ab 995 (799-1198)c

Mn 111 (83-140)a 57 (46-73)a 1405 (1155-1811)b 90 (72-112)a

Ni 0.66 (0.50-1.06)a 0.96 (0.40-1.78)a 2.98 (2.14-4.12)c 1.79 (1.30-2.18)b

Pb 0.15 (0.06-0.25)a 0.35 (0.16-0.62)b 0.39 (0.14-0.82)b 0.71 (0.54-0.95)c

Se 0.032 (0.024-0.051)a 0.047 (0.026-0.066)ab 0.053 (0.025-0.113)ab 0.064 (0.048-0.108)b

Zn 15 (11-16)a 24 (18-36)a 81 (40-105)b 24 (21-26)a

a, b, c,d Mean values between different columns with the same letter are not significantly different at p > 0.05, according to the Tukey’s test.
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Fig. 1. PCA for trace elements levels in herbal tea samples (B=Boldo tea; C=Chamomile tea; M=Mate tea; P=Peppermint tea) 1a) Score plot; 1b) Loading plot.

Table 2
Trace elements levels in herbal tea infusions and % of extraction from herbal teas to their infusions (200mL).

Element Boldo (n=9) Chamomile (n= 9) Mate (n= 9) Peppermint (n=9)

Mean (range) (μg L−1) Extraction (%) Mean (range)
(μg L−1)

Extraction
(%)

Mean (range)
(μg L−1)

Extraction (%) Mean (range)
(μg L−1)

Extraction
(%)

Al <20a 0A 33 (< 20-87)a 0.71 (0-1.6)A 163 (85-334)b 4.0 (2.2-6.5)B 11 (< 20-52)a 0.14 (0-0.49)A

As <0.46a 0A < 0.46a 0A <0.46a 0A < 0.46a 0A

Ba 11 (6-17)a 4.7 (3.2-6.0)A 13 (4-26)a 13 (6.2-19)B 80 (58-110)b 14 (9.2-24)B 23 (15-36)a 12 (7.2-21)B

Cd <0.05a 0A 0.11 (< 0.05-0.24)b 11 (0-14)C 0.28 (0.07-0.60)c 6.7 (1.7-13)B < 0.05a 0A

Cr <0.29a 0A < 0.29a 0A 1.02 (0.29-2.34)b 8.3 (0-17)B 0.31 (< 0.29-0.83)a 1.3 (0-3.3)A

Cu 6.4 (4.6-7.9)b 28 (20-35)B 30.8 (19.4-39.1)d 45 (27-50)C 1.7 (< 1.7-2.7)a 2.0 (0-3.1)A 26.1 (21.1-32.3)c 24 (19-30)B

Fe 12.2 (4.2-19.0)a 1.3 (0.71-1.9)B 32.4 (8.8-57.4)b 1.3 (0.50-2.1)B 16.8 (9.2-29.4)a 0.88 (0.45-1.2)AB 36.9 (19.1-63.2)b 0.49 (0.24-0.79)A

Mn 122 (91-183)a 15 (12-17)A 106 (69-153)a 24 (17-30)B 2312 (1551-3651)b 22 (16-30)B 141 (96-231)a 20 (15-28)B

Ni 2.4 (< 2.1-4.8)a 46 (0-68)A 2.7 (< 2.1-8.6)a 26 (0-81)A 11.3 (9.1-19.1)c 51 (40-70)A 6.3 (4.4-8.3)b 47 (38-56)A

Pb <0.39a 0A 0.15 (< 0.39-0.88)ab 5.2 (0-31)A 0.25 (< 0.39-0.73)ab 7.2 (0-27)A 0.39 (< 0.39-0.76)b 7.3 (0-19)A

Se <0.50a 0A < 0.50a 0A <0.50a 0A < 0.50a 0A

Zn <35a 0A 38 (< 35-58)bc 22 (0-28)C 70 (< 35-171)c 12 (0-22)B 35 (< 35-49)b 19 (0-29)BC

a, b, c,d, A,B,C Mean values between different columns with the same letter are not significantly different at p > 0.05, according to Tukey’s test.
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10-fold higher (292 μg L−1) in chamomile infusions and 2-fold higher
(220–386 μg L−1) in mate infusions using herbal tea purchased in Czech
Republic. For Zn, Malik et al. [12] reported very similar levels to those
found in our investigation: 418 and 235 μg L-1 for mate and chamomile
infusions, respectively.

Suliburska & Kaczmarek [2] studied herbal tea samples purchased
in Poland and the results revealed that chamomile and peppermint
infusions are source of minerals such as Cu, Fe and Zn. The results re-
ported by this research group were higher than those found in our in-
vestigation: Cu and Fe levels were 4-fold higher, being around 115 and
100 μg L−1, respectively and Zn levels were 2-fold higher, being around
70 μg L−1. Recently, Schulzki et al. [21] reported a study with tea
(Camellia sinensis L. Kuntze) and herbal/fruit infusions purchased in
Germany. The researchers reported similar levels to inorganic con-
taminants As, Cd and Pb in chamomile, mate and peppermint infusions
and high values for Al and Cu in chamomile and peppermint infusions,
being 214 and 252 μg L−1 and 71.3 and 66.9 μg L−1, respectively.

The difference between the levels found in our study and those re-
ported in literature may due to different infusions processing habits
such as the ratio and contact time between herbal tea and water [22].
Regarding the inorganic contaminants, Brazilian and MERCOSUR reg-
ulations set maximum limits for arsenic (0.05mg kg−1), cadmium
(0.02mg kg−1) and lead (0.05mg kg−1) in non-alcoholic beverages
[9,10]. Inorganic contaminants in all samples were found within the
thresholds established.

Concerning the trace elements extraction from herbal tea bags to
their infusions, the analytes can be classified considering the extraction

percentage: poorly extractable (< 20%), moderately extractable
(22–55%) and highly extractable (> 55%) [22,23]. From Table 2 data,
in general, trace elements were classified in two groups: poorly ex-
tractable (Al, As, Ba, Cd, Cr, Fe, Pb and Se) and moderately extractable
(22–55%: Cu, Mn, Ni and Zn).

Overall, the lowest extraction percentages were found in boldo in-
fusions, being< 15% except for Cu and Ni, 28 and 46%, respectively.
In contrast, in chamomile infusions were found the highest values for
Cu and Ni, 50 and 81%, respectively. Mate infusions presented a dis-
tinctive pattern extraction for Al, Cd, Cr and Zn, according to ANOVA
and Tukey’s test results, being the average extractions 4.0, 6.7, 8.3 and
12%, respectively. In peppermint infusions, all trace elements were
quantifiable except As, Cd and Se and the highest value for Pb was
found in these samples (19%).

Several nutritional components have been reported to affect the element
extraction from herbal and medicinal. Pinto [24] reported in a recent study
that flavonoids contribute to 30% of tea leaves being EGCG (epigalloca-
techin 3-gallate) the most abundant in green tea. Chelating components that
may bound the element in matrix of herbal plants, the formation of in-
soluble complexes and/or chemical proprieties such as pH of water and
herbal infusions were also reported as factors that may influence the
leachability rates [22,23,25]. Contact time between boiling water and tea
leaves were also evaluated by Milani et al. [8], and no significance in-
creasing in trace elements (Al, Ba, Cr, Cu, Fe, Mn, Ni, Zn) levels were ob-
served. In this study, the authors considered four different contact times
with boiling water (3, 5, 10 and 15min) and a bag with tea leaves (ca.
1.5 g) and a linear behavior was observed in trace elements extraction.

Table 3
Estimative of micronutrients intake and inorganic contaminants exposure, considering the daily consumption of one cup of tea (200mL) by an adult (body weight,
bw, 70 kg).

Trace Element Boldo Chamomile Mate Peppermint

Inorganic contaminants Monthly intake
Cd Mean (range), μg kg−1 bw <0.021 0.047 (< 0.021-0.103) 0.12 (0.030-0.257) < 0.021

% PTMI <0.09 0.19 (< 0.09-0.41) 0.48 (0.12-1.03) < 0.09
Weekly intake
Al Mean (range), μg kg−1 bw <2.0 3.3 (< 2.0-8.7) 16.3 (8.5-33.4) 1.1 (< 2.0-5.2)

% PTWI <0.10 0.16 (< 0.10-0.43) 0.82 (0.43-1.67) 0.06 (< 0.10-0.26)
Daily intake
As Mean (range), μg kg−1 bw <0.007 <0.007 <0.007 <0.007

% BMDL05 < 0.23 < 0.23 < 0.23 < 0.23
Ba Mean (range), μg kg−1 bw 0.16 (0.09-0.24) 0.19 (0.06-0.37) 1.14 (0.83-1.57) 0.33 (0.21-0.53)

% BMDL05 < 0.002 < 0.002 < 0.002 < 0.002
Ni Mean (range), μg kg−1 bw 0.03 (< 0.03-0.07) 0.04 (< 0.03-0.12) 0.16 (0.13-0.27) 0.09 (0.06-0.12)

% TDI 0.29 (< 0.25-0.57) 0.32 (< 0.25-1.0) 1.35 (1.08-2.27) 0.75 (0.52-0.99)
Pb Mean (range), μg kg−1 bw <0.006 0.006(< 0.006-0.013) 0.007(< 0.006-0.010) 0.007(< 0.006-0.011)

% BMDL01 <0.05 0.05 (< 0.05-0.10) 0.06 (< 0.05-0.09) 0.06 (< 0.05-0.09)
Micronutrients Cu Mean (range), μg kg−1 6.4 (4.6-7.9) 30.8 (19.4-39.1) 1.7 (< 1.7-2.7) 26.1 (21.1-32.3)

% DRI 0.07 (0.05-0.09) 0.34 (0.22-0.43) 0.02 (< 0.02-0.03) 0.29 (0.23-0.36)
% DV 0.03 (0.02-0.04) 0.15 (0.10-0.20) 0.01 (< 0.01-0.01) 0.13 (0.11-0.16)

Cr Mean (range), μg kg−1 <0.29 < 0.29 1.00 (0.29-2.30) 0.31 (< 0.29-0.83)
% DRI <0.08 < 0.08 0.29 (0.08-0.66) 0.09 (< 0.08-0.24)
% DV <0.02 < 0.02 0.08 (0.02-0.19) 0.03 (< 0.02-0.07)

Fe Mean (range), μg kg−1 12.2 (4.2-19.0) 32.4 (8.8-57.4) 16.8 (9.2-29.4) 36.9 (19.1-63.2)
% DRI 0.01 (0.003-0.01) 0.02 (0.01-0.04) 0.01 (0.01-0.02) 0.03 (0.01-0.05)
% DV 0.01 (0.002-0.01) 0.02 (0.01-0.03) 0.01 (0.01-0.02) 0.02 (0.01-0.04)

Mn Mean (range), μg kg−1 122 (91-183) 106 (69-153) 2312 (1551-3651) 141 (96-231)
% DRI 0.5 (0.4-0.8) 0.5 (0.3-0.7) 10.1 (6.7-15.9) 0.6 (0.4-1.0)
% DV 0.6 (0.5-0.9) 0.5 (0.4-0.8) 11.6 (7.8-18.3) 0.7 (0.5-1.2)

Se Mean (range), μg kg−1 <0.50 < 0.50 < 0.50 < 0.50
% DRI <0.15 < 0.15 < 0.15 < 0.15
% DV <0.07 < 0.07 < 0.07 < 0.07

Zn Mean (range), μg kg−1 <35 38 (< 35-58) 70 (< 35-171) 35 (< 35-49)
% DRI <0.05 0.05 (< 0.05-0.08) 0.10 (< 0.05-0.24) 0.05 (< 0.05-0.07)
% DV <0.02 0.03 (< 0.02-0.04) 0.05 (< 0.02-0.11) 0.02 (< 0.02-0.03)

PTMI (Provisional Tolerable Monthly Intake): Cd=25 μg kg−1 bw; PTWI (Provisional Tolerable Weekly Intake): Al= 2mg kg−1 bw; BMDL05 (Benchmark Dose
Lower Limit): As= 3.0 μg kg−1 bw (for inorganic arsenic) [28]; TDI (Tolerable Daily Intake): Ni= 12 μg kg−1 bw [27]; BMDL01: Pb= 12 μg kg−1 bw [29]; BMDL05:
Ba= 63mg kg−1 bw [30]; DRI = Daily recommend intake based on a caloric intake of 2000 calories: Cr= 35 μg/100 g, Cu= 900 μg/100 g, Fe=14mg/100 g,
Mn=2.3mg/100 g, Se= 34 μg/100 g, Zn= 7mg/100 g [33]; DV = Daily value based on a caloric intake of 2000 calories: Cr= 120 μg/100 g, Cu= 2mg/100 g,
Fe=18mg/100 g, Mn=2mg/100 g, Se=70 μg/100 g, Zn= 15mg/100 g [32].

R.F. Milani et al. Journal of Trace Elements in Medicine and Biology 52 (2019) 111–117

115



3.4. Dietary intake and estimative of exposure

The dietary intake and the estimative of exposure was performed
considering a daily consumption of a cup of tea (200mL) by a 70 kg
adult (bw=body weight). This postulation agreed with the established
in Camargo & Toledo study [26], who determined a mean daily con-
sumption of 263.34mL of tea by the population of Campinas (Brazil).
The results are presented in Table 3.

The estimative of inorganic contaminants exposure for a cup of tea
consumption by a 70 kg adult were compared to the threshold values
established by European Food Safety Authority (EFSA), U.S.
Environmental Protection Agency (US EPA) and The World Health
Organization (WHO). For Ni, the Tolerable Daily Intake (TDI)
= 12 μg kg−1 bw [27]; for Al, the Provisional Tolerable Weekly Intake
(PTWI)= 2mg kg−1 bw, for As, Benchmark Dose Lower Limit
(BMDL05) for inorganic arsenic= 3.0 μg kg−1 bw, for Cd, Provisional
Tolerable Monthly Intake (PTMI)= 25 μg kg−1 bw [28]; for Pb,
BMDL01= 12 μg kg−1 bw [29] and for Ba, BMDL05 = 63mg kg−1 bw
[30].

Overall, the estimative of inorganic contaminants exposure revealed
safe levels. The highest levels were observed for mate tea infusions: the
daily consumption of a cup of mate tea can reach 1.03% of PTMI for Cd,
1.67% of PTWI for Al, 2.27% of TDI for Ni and 0.09% BMDL01 for Pb.
For As and Ba, the contribution to the BMDL05 was below 0.23% and
0.002%, respectively for all types of herbal tea. Although the BMDL05
was established for inorganic arsenic, our estimative based on arsenic
total levels is consistent with the results reported in Yuan, Gao, He and
Jiang study [31], who verified that inorganic As species were pre-
dominant in tea infusions.

The micronutrients daily intakes for a cup of tea consumption by a
70 kg adult were compared to the values established by U.S Food and
Drug Administration (FDA) and the Brazilian Health Regulatory Agency
(ANVISA). FDA fixed the daily value (DV) based on a caloric intake of
2000 calories for Cr= 120 μg/100 g, Cu= 2mg/100 g, Fe=18mg/
100 g, Mn=2mg/100 g, Se=70 μg/100 g, Zn=15mg/100 g [32]
while ANVISA established the daily recommend intake based (DRI) on a
caloric intake of 2000 calories for Cr= 35 μg/100 g, Cu=900 μg/
100 g, Fe=14mg/100 g, Mn=2.3mg/100 g, Se=34 μg/100 g,
Zn=7mg/100 g [33].

Low contributions were observed for daily intake of Fe, Se and Zn,
being below 0.24% DRI and 0.11% DV. For Cu and Cr, the highest
contributions were observed for chamomile and mate infusions, ranging
between 0.20 - 0.43% and 0.19 - 0.66%, respectively. Mate infusions
were verified to be an outstanding manganese source: 15.9% of the DV
and 18.3% of the DRI can be reached by the daily consumption of a
single cup of herbal tea.

4. Conclusions

A study of twelve trace elements in herbal tea and their infusions
was performed using ICP-MS. Even though the information about the
age and the origin was not available, principal component analysis
(PCA) allowed to classify the herbal tea in four groups, considering
similarities of their trace elements composition. Although inorganic
contaminants Cd and Pb were found above the maximum limits set by
Brazilian and MERCOSUR regulations in some herbal tea samples, the
results demonstrated that the infusion procedure provides low trace
elements extraction from the herbal tea. The estimative of inorganic
contaminants (Al, As, Ba, Cd, Ni and Pb) exposure revealed safe levels.
For micronutrients, low contributions (< 0.24%) were observed to the
daily intake of Fe, Se and Zn, while Cu and Cr highest contributions
were observed in chamomile and mate infusions, reaching 0.43% and
0.66%, respectively. Mate infusions were verified to be a outstanding
manganese source: 16% of the daily value can be reached by the daily
consumption of a cup of herbal tea by an adult.
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