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Results

Recoveries of all the tea samples in heavy metals and anthraquinone were in the range of 75%
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- 89% and 71%-96, respectively. The results of recoveries are in the range of the Association of
Official Analytical Chemists (AOAC) and the European Union. RSD in the MAD and DLLME
methods was less than 5%. The mean concentrations of Pb, Cd, Cr, and anthraquinone were
0.724, 0.021, 2.98 ppm, and 2.27 ppb.
Conclusion

Overall our results showed that MAD and DLLME methods could successfully determine

the concentration of some contaminants such as Pb, Cd, Cr, and anthraquinone in black tea
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samples.

Introduction

Black tea is one of the most common types of
tea, known worldwide for its pleasant aroma, taste,
and positive physiological functions [1,2]. Tea is
a rich source of some essential dietary metals for
human intake. Tea leaves contain polyphenols
such as epigallocatechin 3-gallate (EGCG) that
have antioxidant [3], cholesterol-decreasing[4],

hepatoprotective [5], and anticancer activities

[6,7]. The content of heavy metals in foods is
important because of their possible toxic nature.
The growing interest in drinking tea may be linked
to its polyphenol antioxidative activity which
defies the harmful permeation of environmentally
generated free radicals [1]. The human body
needs both metallic and non-metallic elements

within allowable limits for growth and good
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health. Many elements play an essential role
in metabolic processes and contribute to the
general health of humans. For example, trace
levels of copper are indispensable for human
health [8]. Anthraquinone is a polycyclic aromatic
hydrocarbon and could cause urinary diseases,
liver, and thyroid glands [9]. It was first identified
by laboratories in Europe in 2011 [10]. Several
methods for the determination of anthraquinone
in plants, including extraction and maceration
have been conducted before HPLC [11-13]. There
are few studies for determining anthraquinone
in tea samples [11, 12] and its determination has
been suggested by using gas chromatography (GC)
coupled with a tandem mass spectrophotometer
(MS/MS). However, an MS detector is relatively
costly and not usually available in laboratories,
and thus an inexpensive instruments such as
HPLC are required. Accordingly, it is essential to
determine contamination such as heavy metals
and anthraquinone in commonly consumed
beverages in the world and relevant products for a
better understanding of their nutritive importance.
Thus, the present study aimed to determine the
concentration of some contaminants such as heavy
metals and anthraquinone in widely consumed

black tea brands in the Iranian market.
Methods

Chemicals and instruments
All reagents were of HPLC grade and analytical
grade and purchased from Merck (purity higher
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than 99%). The concentration of anthraquinone
was determined by HPLC coupled with a DAD
detector. Heavy metals in tea samples were tested
by ICP-OES (Varian) and Argon (99.99%) as
carrier gas. The digestion of samples was carried
out in a microwave oven, Milestone MLS 1200
Mega model (Sorisole, Italy). All of the standard
solutions were stored at 4°C and brought to the
ambient temperature just before use. Throughout
the experimental runs, all the solvents and real
samples were filtered and diluted before analysis
by ICP-OES and HPLC-DAD. In HPLC, the
mobile phase was methanol and water with a ratio
of 60:40 and a flow rate of 1.0 mL/min for 20
min. The volume of each injection was 20{LL. The
present study was conducted on the most widely
consumed black tea brands in Iran (10 samples of

different black tea brands in Iran).

Microwave acid digestion of heavy metals

in tea samples

After drying to a constant weight, the tea
samples were ground into powder, dried at 60°C
for 5 h, and subsequently cooled down to room
temperature. Approximately 1g of dried tea
powder was weighed and poured into the digestion
vessel with 6.0 mL of concentrated HNO, and
1.0 mL of hydrogen peroxide (H O ). Finally, the
concentration of lead, cadmium, and chromium
was determined by ICP-OES after microwave
digestion. The sample preparation of the method

is shown in Figure 1.
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in tea samples

3g of tea samples and 200 mL of water
wawereoiled for 30 min and then filtered. After
that 30 mL of the tea infusion aliquot was used
to extract with 2 mL of 1% acetone in n-hexane.
In this study, various ratios of the solvents were
tested for obtaining a high resolution. The best
symmetry of the peak area was obtained in the
mobile phase containing methanol and water with
a ratio of 60:40. The sample extraction procedures

of anthraquinone are shown in figure 2.
Results and discussion
Optimization of the digestion procedure

for heavy metals in tea samples

3 g tea, 200 mL boiling water and filter

a.Tea infusion
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6 mL HNO3+ 1 mL H202
£ |CP'0ES
Tea samples a b

a:(Microwave)

b: Ultrasonic, 3 min

Figure 1. Sample preparation procedure
Extraction procedures of anthraquinone Microwave acid digestion (MAD) has

advantages including less pollution and analyte
evaporation, lower acid consumption, shorter
digestion time, and significant blank value
reduction [14]. Finally, the concentration of
lead, cadmium, and chromium was determined
in tea samples by Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES)
after microwave digestion. The tea samples were
macerated and homogenized in an agate mortar
and subsequently, around 1.0 g was weighed
directly on polytetrafluorethylene (PTFE) flasks
after adding HNO, and H,O,. In this method,
different mixtures of reagents using HNO, and
H,O, were investigated. The H,0, and HNO, were

used to reactive oxygen and catalytically active

b. 2 mL acetone 1% in n-hexane

~——— HPLC

Figure 2. Sample extraction procedure
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Table 1. Recoveries for the heavy metals after microwave digestion in different

mixtures.

Element I I I v v
Cd 63 66 72 82 76
Cr 58 61 65 79 70
Pb 60 75 80 88 81

NO, which improve the tea samples digestion.
Finally, HNO, and H,O, digestion agents were
used (volume ratio 6:1) under high pressure to
improve the digestion of the samples. The ICP-
OES results of tea samples after MAD are given
in Table 1.

Optimization of DLLME parameter for

anthraquinone in tea samples

The important properties of extraction solvent
in DLLME procedure included low volatility,
high extraction, and low solubility in water. For
this purpose, several solvents, such as acetone,
n-hexane, chloroform, acetone/hexane, and
acetone/chloroform with volumes of 500-2000
UL were tested as extracting medium. Highest
recoveries were obtained at 1990 UL of acetone/
hexane. For investigating the effect of dispersive
solvents on recoveries, acetonitrile, methanol,
and ethanol with volume (0-20 UL) was selected.
The highest recoveries of dispersive solvents were
10 UL of methanol. The extraction time were

investigated between 5-20 min. Finally, extraction

of time had no significant effect on recoveries.
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Another probable effective factor in DLLME
method is the effect of ionic strength on BPA
extraction recovery. For this purpose, sodium
chloride, at concentrations of 0-5 % w/v, was used.
The highest extraction recovery obtained in the

absence of of sodium chloride.

Method evaluation

To evaluate the method, the relative standard
deviation (RSD), the limit of detection (LOD),
and recovery were tested. Mean recoveries of
method obtained in the ranges of 71% to 95%.
The linearity obtained in the range of 2-180 ppb
with the correlation coefficient of R2 =0.9975. The
precision of the method was investigated in term
of relative standard deviations (RSDs), and was

less than 5 %. The results are shown in Table 2.
Application of the proposed method in

real sample analysis

Tea samples were analyzed using the proposed
methods (figure 1 and figure 2). In the present
work, the above-mentioned conditions of the
concentrations of some contamination such as Cr,
Cd, Pb, and anthraquinone were evaluated in 10
samples of black tea in Iran. The results of heavy
metal concentrations such as Cr, Cd, and Pb are

summarized in Table 3.

Table 2. Method evaluation of tea samples

Parameters R LOD (ng.Kg™) RSD (%) Recovery (%)
Cd 0.993 85.2 4.1 82
Cr 0.987 63.8 5.0 79
Pb 0.999 77.9 3.2 88
Anthraquinone 0.998 1.03 2.9 71-96
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Table 3. Concentrations of lead, cadmium, and chromium in the black tea samples (n=2).

Real samples Anthraquinone (ppb) Recovery (%)
A 6.3 78
S 12.08 92
M No Detect No Detect
D No Detect No Detect
K 0.94 96
I No Detect No Detect
GH No Detect No Detect
9.88 90
L 7.84 96
SI 5.02 87

shows analysis of

tea samples in sample M, while sample A had the highest

according to procedures of anthraquinone. Figures
3 and 4 present the chromatograms of standard
sample of anthraquinone and tea sample extract. It
can be seen that retention time of anthraquinone
was at around 10.02 min. The recovery of
anthraquinone in tea samples are listed in Table 4.

The lowest lead concentration was found
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Retention
time min

Figure 3. Chromatogram of a anthraquinone in

standard solution of 20 [g/L

Peak area

content. In this study, the lead concentration was
significantly lower than that of determined by Al-
Othman et al. [17]. According to their results, the
range of lead concentrations in the tea samples
were 3.9 mg/kg and 8.7 mg/kg in Saudi Arabia.
The lead concentrations in the black tea samples

were in the range of 1.88 - 5.63 mg/kg, similar to

10000

Retention
time min

Figure 4. Chromatogram of a anthraquinone in

infusion tea samples
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Table 4. Recovery of anthraquinone in infusion tea samples (n=2)
Samples Pb Cd Cr Anthraquinone
(ppm) (ppm) (ppm) (ppb)
A 4.9 0.02 2 12.08
S 1.5 0.01 2 6.32
M 0.01 0.11 9.1 No Detect
D 0.03 0.01 2 No Detect
K 0.4 0.01 2 0.94
I 0.04 0.01 2 No Detect
GH 0.09 0.01 2 0.86
B 0.08 0.01 2 0.71
L 0.09 0.01 2 0.83
SI 0.1 0.01 2 1.02

those in black tea samples from Turkey (1.46-5.64
mg/kg) [18], lower than those from India and Iran
[19-21] , and higher than those from Bangladesh,
Ceylon, Russia, and Serbia. The high lead content
in these five tea samples may be attributed to the
use of older tea leaves [19] and the contamination
with dust particles during processing [22]. The
differences in the concentrations of lead in
the tested tea samples may be attributed to the
following factors: the age of the plant; the mineral
composition of the soil, in which the plant grows;
season, the time of sample collection; and the
climatic conditions. Khakhathi et al. [23] found
that Cr levels increased in the order of herbal
tea, green tea, and black tea. The chromium
concentration ranged in samples from 2.0 to 9.1
mg/kg. Most of the samples had a concentration
below 2 mg/kg and the highest concentration was
observed in sample M (9.1 mg/kg). The mean Cr
concentration obtained in this work was lower
than that found in African and Asian countries

[23-25], but far higher than that found in Iran
[26]. Srividhya et al.[27] reported that the reason

for the high concentration of Cr is the use of
rollers during black tea production.

In this work, the mean Cd concentration was
0.021 mg/kg (range: 0.01-0.11 mg/kg). The lowest
Cd concentration was found in 7 samples (<0.01),
while the highest was found in sample M. The Cd
concentration of black tea in India was 0.89 mg/
kg which was higher than that of in our study. The
phosphate fertilizer in soil may cause cadmium
contamination in crops [28].

Our results compared well with the literature
values reported for tea samples from some
countries. For example, cadmium concentrations
in the China tea samples were close to those
in tea samples from Argentina. However, the
concentrations were lower than those in black
teas produced in Taiwan and India. Table 5
summarizes the content of elements in this study
against the literature. The concentration of Cd
was at the same level in China, Argentina, Taiwan,
and this study. Lead concentration was the same
in China and current work but the contents in

Argentina, China, and Taiwan were lower than

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
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Table 5. Compression of toxic metals in black tea from different literature.

Country Cd Cr
Taiwan 0.07 7.92
Argentina 0.03 1.91
India 0.89 704.
China 0.057 0.80
Iran - 0.06
Current study 0.21 2.71

current study. In this study, the concentrations
of Cd and Pb was less than the standard limits
recommended by WHO (3 mg/kg and 10 mg/kg)
[33]. As obtained results, the concentrations of
Pb, Cd and Cr in tea were lower than limit values
of safety standards and Ministry of Agriculture
of the People’s Republic of China (5, 1,and 5 mg/
kg), respestively [34-35]. The results of the two
methods lied within the allowable range as in the

AOAC and European Union [15-16,36].

Conclusion

In this study, a new rapid simple method
was investigated to determine the concentration
of some contaminants in black tea samples.
The results lay a foundation for preventing
contamination in human from tea samples
and will help establish regulations to control
the concentration of some contaminants in tea
samples. Finally, our results showed that two
methods were successfully applied to determine
the concentration of some contaminants such
as heavy metals and anthraquinone in black tea
samples. In previous reports, costly instruments
such as GC-MS and tandem MS were used for the

detection of anthraquinone, usually not available

Pb Reference
2.01 [29]
1.78 [30]
2.31 [31]
4.4 [32]

- [26]
4.89 -

in laboratories. According to the results of these
two methods, the concentrations of contaminants
were within allowable limits and were thus safe
for human consumption. Some of the advantages
of this work were that there was no report on
anthraquinone determination and it was limited
to anthraquinone concentration on black tea
infusion. Overall our results showed that MAD and
DLLME methods could successfully be applied
for the concentration of some contaminants such
as heavy metals and anthraquinone in black tea

samples.
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