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Chemical components of teas have received great interest because they are related to health. In this work, data

on the determination of foreign matter, loss on drying/water content, total ash and ash insoluble in hydrochlo-

ric acid are presented. The content of seven heavy metals including Cu, Fe, Mn, Zn, Ni, Cd and Pb were deter-

mined by atomic absorption spectrometry in samples of several herbal teas: Matricariae flos, Thymi herba,

Menthae piperitae folium, Betulae folium, Quercus cortex, Gentianae radix, Frangulae cortex, Althaeae ra-

dix, Uvae ursi folium and Glycyrrhizae radix collected from Šabac’s market, Serbia. The sample preparation

procedure involved dry digestion and dissolution of the ash in 6M HCl and then in 0.1 M HNO
3
. Herbal teas

showed the concentration of heavy metals Cu, Fe, Mn, Zn and Ni in the range: 2.9 0.1 – 22.2 0.9 mg/kg,

118.5 1.1 – 755.5 2.5 mg/kg, 19.0 5.8 – 561.0 1.9 mg/kg, 6.5 0.4 – 242.5 1.4 mg/kg and

2.5 0.1 – 10 1.1 mg/kg, respectively. The level of copper in all samples was uniform. The highest content

of Fe was in Thymi herba, while Mn and Zn were at maximum in Betulae folium. The levels of toxic heavy

metals Cd and Pb were below the detection limit. The obtained values were compared with data available from

literature. The herbal tea samples analyzed contained essential heavy metals (Cu, Fe, Mn, Zn) and probably

essential in trace (Ni), and could obey the daily dietary requirements. Noncancer health risk assessment de-

tected that the herbal teas of Betulae folium and Frangulae cortex can manifest some health risk to consumers.

Keywords: heavy metals; herbal teas; atomic absorption spectrometry; health risk assessment.

1. INTRODUCTION

Medicinal plants have a long history of therapeutic use

throughout the world and still represent an important part of

traditional medicine [1]. A report of the World Health Orga-

nization (WHO) displayed that about 70 – 80% of the world

population applies non-conventional medicine, mainly of

herbal origin in their primary healthcare [2]. In recent times,

medicinal herbs have obtained important attention from the

pharmaceutical, health food and natural cosmetic industries,

especially natural and/or organic grown medicinal herbs [3].

Also, the use of medicinal herbs proved to be significant es-

pecially now during the COVID-19 pandemic time, which

was reported by China’s Ministry of Science and Technol-

ogy, according to which 87.5% of the total cases in China

were treated by Chinese herbal medicines and had positive

effects at all stages of the disease [4, 5].

The use of herbal teas have spread in Serbia as a comple-

mentary way to treat and prevent illnesses. According to the

Rulebook on the quality of tea, herbal tea and their products,

herbal tea is defined as an equally fragmented and dried part

of the plant (fruit or parts of the fruit, seed, flower, parts of

flower, leaf, herb, stem, cortex, root, rhizome, sachets or tu-

ber), of which the beverage can be prepared in the usual way,

which include fruit tea and a mixture of plant tea [6].

Herbal teas have complex chemical compositions, and

chemical substances they contain can exhibit biological ac-

tivity in humans [1]. Consequently, herbal teas represent

sources of various organic and inorganic components that

can influence the human health. Tea is a rich source of min-

erals and trace elements that are essential to human health

[7 – 9] and drinking of teas can be an important source of

some essential minerals [10].
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Essential minerals, including the trace elements, are inor-

ganic elements that have a physiological function within the

body. These must be provided in the diet and vary from

grams per day for the major minerals through milligrams to

micrograms per day for the trace elements [11].

Minerals, important for humans, have been divided into

the next groups: (i) essential or major: calcium, magnesium,

phosphorus, sodium, potassium, chlorine; (ii) essential in

traces: iron, copper, chrome, zinc, iodine, selenium, fluorine,

cobalt, manganese, molybdenum; (iii) probably essential in

traces: silicon, nickel, tin, vanadium; and (iv) non-essential:

arsenic, mercury, lead, aluminum, boron, gold, silver, tita-

nium, lithium, strontium, germanium, cadmium, bismuth, ru-

bidium, bromine [12]. In the WHO report [13], trace ele-

ments have been classified into three groups from the point

of view of their nutritional importance in humans: (1) essen-

tial elements; (2) elements which are probably essential; and

(3) potentially toxic elements, some of which may neverthe-

less have some essential functions at low levels.

A disadvantage, as well as elevated concentration of es-

sential elements, can have a negative impact on human

health [11]. Special attention is devoted to determining the

content of heavy metals in teas. The surge in energy produc-

tion and the increasing use of heavy metals in various indus-

trial processes have led to the generation of large quantities

of industrial waste containing heavy metals. Therefore,

heavy metals are released into the environment including air,

water, soil, and biosphere in excessive amounts on daily ba-

sis. Heavy metal ions have a high atomic weight and a den-

sity at least 5 times higher than that in water [14]. Heavy

metals are typically toxic, persistent, non-biodegradable and

bioaccumulative. Due to the high solubility, heavy metals are

easily absorbed by plants and aquatic species and subse-

quently enter the food chains and then the human body. The

presence of high levels of heavy metals in the human body

may cause various health effects including skin irritations,

stomach cramps, vomiting, multiple organ damage, birth de-

fects, nerve system damage and development of autoimmu-

nity. Teas contain both essential (Fe, Cu, Mn, Zn) and toxic

elements (As, Cd, Hg, Pb). The biological effects of heavy

metals in living systems strongly depend on their concentra-

tion [15] and thus should be carefully controlled, especially

when herbal teas are used in human medicine.

The content of metals in food is defined in terms of max-

imum allowed concentrations, which represent the amount of

toxic substance in the adult weighing 70 kg, consumed over

all their lives, will not cause unwanted toxic effects [16]. The

content of heavy metals in herbal teas depend on climatic

factors, plant species, vegetation period, air pollution, by ge-

netically-determined properties of a plant as well as by exter-

nal factors, including geographic location, soil type and pro-

file, fertilization, availability of water, pollution by pesticides

or dusts, and gases, and other environmental factors [17].

Differences can also be a consequence of specific methods of

the production of certain sorts of tea, including type, age of

the herbal material, season of harvesting and manner of ma-

turing and storing [18]. The distribution of the heavy metals

among plant organs is selective and dependent on the part of

the plant, surface characteristics of the plant organ, and the

element that is examined [19].

Iron is an essential element for growth and development

of animals, plants and for humans too and an essential com-

ponent of hemoglobin. It facilitates the oxidation of carbohy-

drates, proteins and fats to control body weight, which is a

very important factor is diabetes management. Iron is neces-

sary for the formation of hemoglobin and also plays an im-

portant role in oxygen and electron transfer in the human

body. Low iron content causes gastrointestinal infection,

nose bleeding and myocardial infection. Zinc is necessary for

proper growth, blood clotting, thyroid function and protein

and DNA synthesis. Manganese plays a vital role in the pho-

tosynthesis, nitrogen metabolism and in the formation of

other compounds that are required for the plant metabolism.

Manganese is necessary for plant, animal and human as en-

zyme cofactor [20]. However, the deficiency of manganese

in humans may lead to immunodeficiency disorder, rheu-

matic arthritis in adults, disorder of bony cartilaginous

growth in infants, as well as myocardial infarction and other

cardiovascular diseases [21]. Copper is an essential enzy-

matic element and is necessary for normal biological activi-

ties of amino oxides and tyrosinase enzyme. Tyrosinase is

the enzyme that is required for catalytic conversion of tyro-

sine to melanin, which is a vital pigment located beneath the

skin, and thus protects the skin from dangerous radiations

[22]. Copper is essential to the human body since it forms a

component of many enzyme systems, such as cytochrome

oxidase, lysyl oxidase and ceruloplasmin, an iron-oxidizing

enzyme in blood. Copper deficiency results in anemia and

congenital inability to excrete copper resulting in Wilson’s

disease. However, copper could be toxic depending on the

dose and duration of exposure [23, 24]. It is considered that

Ni is an essential element for the body, although there is no

shortage of nickel in humans. In a small concentration, Ni is

also very important for plant growth, while in high concen-

trations it is toxic to plants [25].

Lead is the most frequently occurring and stable heavy

metal in the nature. It is highly hazardous for plants, animals

and micro-organisms. It is a non-essential element that can

be introduced to human by inhalation, ingestion or cutaneous

absorption. It is a serious cumulative body poison. Levels of

lead beyond the permissible limits or long term use of these

contaminated plants could lead to toxicity characterized by

colic, anemia, chronic nephritis, headache, convulsions,

brain damage, and central nervous system disorders [26].

Cadmium is a non-essential trace element with uncertain

direct functions in both plants and humans and responsible

for several cases of poisoning through food. Recently, it is

gaining more attention due to wide occurrence in water, soil,

milk, dietary and herbal medicinal products (Singh, et al.,

2014). Small quantities of cadmium cause adverse changes

in the arteries of human kidney leading to kidney failure. It
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accumulates in human body, replaces zinc biochemically and

causes hypertension, liver and kidney damage [27].

Due to the importance of essential heavy metals in herbal

teas, a number of studies have been carried out to determine

their levels by using atomic absorption spectrometry (AAS),

inductively coupled plasma mass spectrometry (ICP-MS),

and inductively coupled plasma-atomic emission spectrome-

try (ICP-AES) [9, 28 – 34]. These methods employ highly

sensitive spectroscopic techniques and generally require de-

struction of the sample matrix to render a solution of the

analyte ready for analysis.

The present study was designed to evaluate the levels of

seven heavy metals (Cu, Fe, Zn, Mn, Ni, Cd and Pb) in ten

medicinal plants (Matricariae flos, Thymi herba, Menthae

piperitae folium, Betulae folium, Quercus cortex, Gentianae

radix, Frangulae cortex, Althaeae radix, Uvae ursi folium

and Glycyrrhizae radix) collected from local health food

stores in Šabac, Serbia and analyzed using the AAS method.

The content of heavy metals in these herbal teas was used to

calculate the estimated daily intake (EDI) of metals, the tar-

get hazard quotients (THQ) values for analyzed heavy metals

and hazard index (HI) for adults.

2. MATERIALS AND METHODS

2.1. Sampling and Sample Preparation

All samples used in this research represent herbal teas

(Table 1) collected from local health food stores in Šabac,

Serbia. The samples were herbal teas Matricariae flos,

Thymi herba, Menthae piperitae folium, Betulae folium,

Uvae ursi folium, Quercus cortex, Gentianae radix,

Frangulae cortex, Althaeae radix, and Glycyrrhizae radix

sold in bulk. The tested samples of herbal teas were standard-

ized in accordance with regulations of the European Pharma-

copoeias. Within the standardization of herbal teas, macro-

scopic identification was performed for each sample accord-

ing to the standards of the valid monograph for a given

herbal tea according to Ph. Eur 10 [35]. Also, within the stan-

dardization, an examination of the general quality of the

tested herbal teas was performed according to the valid

monographs to Ph. Eur. 3 [36] and Ph. Eur 10 [35].

The dried tea samples were ground using a grinder (A 11

BASIC IKA) and passed through 0.5 mm sieve (laboratory

vibrating screen, WQS, Gramma Libero). The powdered tea

samples were stored at ambient temperature and used for the

analysis of metals in herbal tea and for determining water

content, total ash, and ash insoluble in hydrochloric acid.

2.2. Analytical Measurements

Determination of the presence of foreign matter, loss of

drying/water, total ash and ash insoluble in hydrochloric acid

were made according to the procedures as given in the gen-

eral chapters of the European Pharmacopoeia [35, 36]. The

presence of foreign matter is determined by the prescribed

quantity of the sample, by examination plant material with

naked eye and with a magnifying glass (Ph. Eur. 10, 2.8.2)

[35]. Loss by drying was determined gravimetrically from

the difference in the mass of the drug before and after drying

in the dryer at a temperature of 105 ° C for 2 h (Ph. Eur. 10,

2.2.32) [35]. Water was determined by distillation of toluene

and calculated as water content present in the herbal teas as

milliliters per kilogram (Ph. Eur. 10, 2.2.13) [35].

The total ash was determined from differences in drug

mass before and after irradiation at 600°C 25°C (Ph.

Eur.10, 2.4.16) [35]. The ash insoluble in hydrochloric acid

was determined the treatment of total ash hydrochloric acid

(Ph Eur 10, 2.8.1) [35]. Preparation of tea samples for analy-

sis of heavy metals was performed by dry digestion, burning

and dissolving the ash in a suitable acid. In dry digestion,

about 3 g of the sample (exact mass measured to 4 decimal

places) was calcined gradually by raising the temperature by

50°C/h, from room to 450° C, at which the sample was kept

for 8 h. The resulting ash was dissolved in 5 mL hydrochlo-

ric acid (c = 6 M) and the solution was evaporated in water

bath to dryness. The residual precipitate was dissolved in

~10.0 mL nitric acid (c = 0.1 mol/dm
3
), filtered, and washed

with deionized water. The final volume was 50 mL [37]. The

blank sample was prepared in the same way with no tea.

The following reagents were used: standard solutions of

Cu, Fe, Ni, Mn, Zn, Cd, and Pb at a concentration of 1 mg/kg

(Accu TraceTM Reference Standard, USA), nitric acid (p.a.

65%, Merck, Germany), hydrochloric acid (p.a. 35%,

Lach-Ner, Czech Republic), deionized water with conductiv-

ity < 2 S/cm. All other chemicals were of p.a. grade and

used as supplied.

2.3. Instruments and Equipment

Heavy metals (Cu, Fe, Ni, Mn, Zn, Cd, and Pb) concen-

trations were determined by the atomic absorption spectrom-

etry (AAS) method. Atomic absorption measurements were

made using a Perkin-Elmer spectrophotometer

AAS-5100/PC with hollow cathode lamps and background

correction. Air–acetylene flame was used for the determina-

tion of all elements.

2.4. Calculation of Health Risk Assessment for Herbal Tea

Consumption

The content of heavy metals in herbal teas were used to

evaluate the estimated daily intake (EDI)of heavy metals,

target hazard quotients (THQ), and hazard index (HI) for

adults.

Estimated daily intake (EDI) of heavy metals. The

EDI value (mg/kg body weight/day) of heavy metals is a fun-

damental parameter for metal transfer from plant to human.

It can be calculated using the following equation [38]:

EDI
C F TR

W

IR

AB
1000

,(1)

where C is the heavy metal content (mg/kg) in herbal tea, F
IR

is the herbal tea ingestion rate (g/person/day), TR is the trans-
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TABLE 1. Name and Definition of Analyzed Herbal Teas According to Ph. Eur. 10 and Ph. Eur. 3, Number of Monographs in the Pharmaco-

poeias, and Limit Values for Determination [35, 36]

No.
Herbal tea

(Ph. Eur. 10)

Latin name of

herbal tea

(Ph. Eur. 10)

Definition by Ph. Eur. 10 Foreign matter
Loss on drying/

water
Total ash

Ash insoluble

in HCl

1 Matricaria

flower

Matricariae flos Dried capitula of Matricaria

recutita L. (Chamomilla

recutita (L.) Rauschert).

2.8.2. maximum

2.0% [36]

2.2.32. maximum

12.0% determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 13.0%

-

2 Thyme Thymi herba Whole leaves and flowers sep-

arated from the previously

dried stems of Thymus

vulgaris L. or Thymus zygis L.

or a mixture of both species.

2.8.2. maximum

stems 10% and

maximum 2% of

other foreign matter

2.2.13. maximum

100 mL/kg, determined

on 20.0 g of the pow-

dered drug (10% v/m)

2.4.16. maxi-

mum 15.0%

2.8.1. maximum

m 3.0%

3 Peppermint

leaf

Menthae

piperitae folium

Whole or cut dried leaves of

Mentha piperita L.

2.8.2. maximum 5%

stems, maximum

2% foreign ele-

ments

2.2.13. maximum

110 mL/kg, determined

on 20.0 g (11% v/m)

2.4.16. maxi-

mum 15.0%

2.8.1. maximum

1.5%

4 Bearberry

leaf

Uvae ursi folium Whole or cut, dried leaf of

Arctostaphylos uva-ursi (L.)

Spreng.

2.8.2. maximum 5%

of stems and maxi-

mum 3 per cent of

other foreign matter

2.2.32. maximum

10.0%, determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 5.0%

-

5 Birch leaf Betulae folium Whole or fragmented dried

leaves of Betula pendula Roth

and/or Betula pubescens Ehrh.

as well as hybrids of both spe-

cies.

2.8.2. maximum 3%

fragments of female

catkins and maxi-

mum 3 per cent of

other foreign matter

2.2.32. maximum

10.0%, determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 5.0%

-

6 Marshmal-

low root

Althaeae radix Peeled or unpeeled, whole or

cut, dried root of Althaea

officinalis L.

2.8.2. maximum 2%

of brown deterio-

rated drug.

2.2.32. maximum

12.0%, determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 6.0% for

the peeled root

and maximum

8.0% for the un-

peeled root

-

7 Gentian

root

Gentianae radix Dried, fragmented under-

ground organs of Gentiana

lutea L.

2.8.2. maximum

2.0% [36]

2.2.32, maximum

8 – 12.0% [36]

2.4.16, maxi-

mum 6.0%

-

8 Liquorice

root

Liquiritiae radix Dried unpeeled or peeled,

whole or cut root and stolons

of Glycyrrhiza glabra L.

and/or of Glycyrrhiza inflata

Bat. and/or Glycyrrhiza

uralensis Fisch.

2.8.2. maximum

2.0% [36]

2.2.32. maximum

10.0%, determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 10.0% for

the unpeeled

drug and maxi-

mum 6.0% for

the peeled drug

2.8.1. maximum

2.0% for the un-

peeled drug and

maximum 0.5%

for the peeled

drug

9 Frangula

bark

Frangulae cor-

tex

Dried, whole or fragmented

bark of the stems and branches

of Rhamnus frangula L.

(Frangula alnus Miller).

2.8.2. maximum 1% 2.2.32. maximum

10.0%, determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 6.0%

-

10 Oak bark Quercus cortex Cut and dried bark from the

fresh young branches of

Quercus robur L., Q. petraea

(Matt.) Liebl. and Q.

pubescens Willd

2.8.2. maximum

2.0% [36]

2.2.32. maximum

10.0%, determined on

1.000 g of the pow-

dered drug by drying in

an oven at 105°C for

2 h

2.4.16. maxi-

mum 8.0%

-



ference rate of the heavy metal from herbal tea to herbal tea

infusion, and W
AB

is the average body weight.

Target hazard quotient (THQ). The targeted hazard

quotient (THQ) was used to estimate the potential noncarci-

nogenic effects of individual heavy metals present in the

herbal teas. The THQ value was calculated by the following

formula:

THQ
EDI

RfD
, (2)

where the THQ is the dimensionless target hazard quotient,

EDI is the estimated daily intake of heavy metals (mg/kg

body weight/day), and RfD is the oral reference dose for the

heavy metals (mg/kg body weight/day) [38, 39] which does

not produce a lifetime harmful effect. The RfD values of

heavy metals studied are shown in Table 2.

Hazard index (HI). The overall potential health risks

may product from the influence of more than one metal. The

cumulative potential noncarcinogenic effects of multiple

heavy metals present in the herbal teas can be quantitatively

evaluated by the hazard index (HI) [38, 39]. Different con-

taminants there are variety potential non-carcinogenic ef-

fects. Consequently, exposure to two or more heavy metals

may result in additive and/or interactive effects [45]. If it is

assumed that the toxic effects of heavy metals in herbal tea

are additive rather than synergistic or antagonistic to human

health, HI can be estimated by the sum of the target hazard

quotients of all studied pollutants and can be calculated by

the following equation [38, 39, 45, 46]:

HI THQ THQ THQ THQ
n1 2 3
, (3)

where THQn is the THQ value of an individual metal and HI

is the hazard index of multiple metals.

2.5. Statistical Data Analysis

All determinations were carried out in triplicate. Experi-

mental data was subjected to ANOVA test and statistical sig-

nificance was obtained at p < 0.05. Finally, the data was ex-

pressed as mean standard deviation ( SD).

3. RESULTS AND DISCUSSION

Medicinal plants are the raw material for many herbal

formulations and popular supplements. The use of herbal

medicines has been on the rise in recent years due to their

low prices. The last few decades have witnessed a rapid de-

velopment in the diet studies focused on the determination of

trace elements, which reflect their role in human health and

nutrition. Deficiency, excess or imbalance of trace element

intake into human body may result in various diseases. In

this work, the quality of ten herbal tea samples was analyzed.

Herbal tea samples were collected from the local health food

markets on the territory of Šabac, Serbia. Analyzed samples

were in bulk, without adequate evidence of their quality.

Identification of samples of Matricariae flos, Thymi

herba, Menthae piperitae folium, Betulae folium, Uvae ursi

folium, Quercus cortex, Gentianae radix, Frangulae cortex,

Althaeae radix, and Glycyrrhizae radix was done by macro-

scopic analysis according to monographs Ph. Eur. 10 [35].

All tested samples of herbal teas are in accordance with the

regulations of identification by Ph. Eur. 10 [35].

In the framework of general testing of the samples, the

presence of foreign matter was examined, a loss of dry-

ing/water content, and the total ash and ash insoluble in HCl

(Table 3) in according with standards of Ph. Eur. 10 and Ph.

Eur. 3 [35, 36] (Table 1). The content of metals (Fe, Cu, Zn,

Mn, Ni, Cd, Pb) in herbal tea samples was analyzed by atomic

absorption spectroscopy (AAS) method. Table 4 shows the

concentrations of selected metals in analyzed samples.

3.1. Results of General Testing

Foreign substances. Foreign substances in herbal drugs

are considered: (a) unprocessed parts of the same plant, (b)

parts of other plants, and (c) substances of mineral origin.

The amount of foreign substances is defined for each of the

drugs within the appropriate box monographs in Pharmaco-

poeia (Table 1). However, in the samples 5 and 6 the content

of foreign substances is greater than prescribed values (Ta-

ble 3). In addition, in plant drugs, molds, insects and other

contamination of animal origin must be completely absent

[35, 36].
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TABLE 2. Oral Reference Dose (RfD), Upper Tolerable Daily Intake (UL) and Recommended Daily Intake (RDI) Values for Investigated

Heavy Metals

Heavy metal Cu Fe Ni Mn Zn

The oral reference dose (RfD) (mg/kg body

weight/day)

0.04

[5, 40 – 42]

0.7

[5, 40 – 43]

0.02

[41, 42]

0.014

[41, 42]

0.3

[5, 40 – 43]

Upper tolerable daily intakes (UL)
*

(mg/day/person) for adults [41, 44]

10 45 1 11 40

Recommended daily intakes (RDI)
**

(mg/day/

person) for men (women) [41, 44]

0.900 8 (18) 0.500 2.3 (1.8) 11 (8)

* The tolerable upper intake level (UL) is the highest level of daily nutrient intake that is likely to pose no risk of adverse health effects for al-

most all individuals in the specified life stage group [44].



Loss of drying/water content. Excessive moisture in

the drug can be a consequence insufficient drying of the drug

or absorption of moisture from the air of the following ade-

quate conditions storage. Increased moisture content in the

drug can cause deterioration plant material and degradation

of active principles [47]. Loss of drying/water was deter-

mined for all samples according to corresponding mono-

graphic boxes in the Pharmacopoeia (Table 1) [35, 36]. In all

samples, the loss of drying/water is within the prescribed

limits (Table 3).

Total ash and ash insoluble in hydrochloric acid. Total

ash represents non-volatile mineral substances present in the

drug, if they have in the plant significant role [47]. In total,

the determination of ash insoluble in hydrochloric acid is

prescribed which represents silicon-dioxide. The excess of

ash above the allowed limit is an indicator the malfunction of

the drug, that is, points to insufficiently clean drugs, which

are either contaminated inorganic additives (soil, plaster,

sand, brick, chalk, etc.) or have grown on the field which it is

rich in mineral substances. In the tested samples, total ash

and ash insoluble in hydrochloric acid are in according with

the requirements prescribed by the Pharmacopoeia (Table 1

and Table 3) [35, 36]. The exception is sample 4 which has a

slightly higher total ash content than the allowable value (Ta-

ble 1 and Table 3). Samples 4, 5 and 6 (Table 3) according to

the Pharmacopoeia do not meet the general quality standards

for herbal teas due to deviations from the prescribed values

(Table 1) [35, 36].

3.2. Content of Heavy Metals

In this work, the content of essential (Fe, Zn, Cu and

Mn), probably essential in trace (Ni), and toxic elements (Pb

and Cd), was determined in the ten investigated herbal teas

by using the AAS method. The content of each metal is ex-

pressed in mg/kg of dry matter. Table 4 shows the contents of

elements in marketed herbal teas studied in this work. All

herbal tea samples contain significant concentrations of es-

sential elements (Fe, Cu, Mn, Zn and Ni) that differ from the

plant species. The content of toxic elements (Pb and Cd) is

below the maximum allowed limit (according to the rules of

the World Health Organization (2011), the maximum permit-

ted values in dried plant materials are 10.0 and 0.3 mg/kg, re-

spectively) [47].

Among the essential elements, Fe and Mn are the most

abundant. The herbal tea samples also contain significant

amounts of Zn. Threshold values of Cu, Fe, Mn, Ni, Zn and

Cd are not proposed in the current standards of tea in Serbia

[6]. The quality of the analyzed herbal teas was evaluated by

comparing with the literature data (Table 5). Among the in-

vestigated metals Fe was the highest (118.0 1.1 –

775.5 2.5 mg/kg). Manganese was the second highest ele-

ment found in all tea samples (19.0 5.8 –

561.0 1.9 mg/kg). The concentrations of Cu, Ni and Zn in

the analyzed samples were in the range of 2.9 0.1 –

22.2 0.9, 2.5 0.1–10.0 1.1 mg/kg and 6.5 0.4 –

242.5 1.4 mg/kg, respectively. The content of Pb and Cd in

all samples has been below the detection limit (Pb less than

2.5 mg/kg and Cd less than 0.07 mg/kg).
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TABLE 3. Determination of Foreign Matter, Loss on Drying/Water Content, Total Ash, Ash Insoluble in Hydrochloric Acid, and Sulfate Resi-

due (Mean Values SD).

No. Herbal tea
Foreign

matter [%]

Loss on

drying [m/m%]/ water

[v/m%]

Total ash [%]

Ash

insoluble

in HCl [%]

1 Matricariae flos 1.43 0.09 8.54 0.06 7.50 0.08 -

2 Thymi herba 3.77 0.15 (stems) 6.49 0.03 9.00 0.22 0.96 0.02

3 Menthae piperitae folium 1.67 0.05

(foreign elements)

9.23 0.12 8.93 0.05 0.63 0.02

4 Uvae ursi folium 1.20 0.03 (stems) 8.88 0.20 6.64 0.03 -

5 Betulae folium 4.62 0.02

(other foreign matter)

9.82 0.15 4.72 0.08 -

6 Althaeae radix 7.13 0.09 9.09 0.09 4.99 0.10

(the peeled root)

-

7 Gentianae radix 1.15 0.04 8.94 0.7 4.02 0.03 -

8 Glycyrrhizae radix 1.54 0.05 8.79 0.16 5.94 0.06

(the unpeeled drug)

0.96 0.05

(the unpeeled drug)

9 Frangulae cortex 0.73 0.03 8.99 0.08 5.23 0.05 -

10 Quercus cortex 0.27 0.02 9.45 0.11 7.43 0.15 -



Iron. Herbs are particularly rich in iron because

polyphenol compounds, especially flavonoids, are bound in

plants by metals such as Al, Fe and Zn. Its deficiency can

hinder metabolism. The analyzed herbal tea samples contain

large amounts of Fe from 118.0 1.1 to 755.5 2.5 mg/kg.

The lowest value of Fe was found in samples of Frangulae

cortex and the highest was found in Thymi herba samples.

Results of the current study show a wide variation of iron in

different herb samples, which agrees with results in the liter-

ature (Table 5). These levels are relatively high compared to

iron in some medicinal plants for the treatment of anemia. A

conducted study on selected medical herbs indicated iron

concentrations within the range 6.67 – 223 mg/kg [48].

Based on these investigations and the total content of Fe in

the analyzed herbal teas, it can be concluded that these herbal

teas can contribute to the daily dietary requirements (8 (18)

mg/day, Table 2) [30, 41, 44]. Especially, it can be recom-

mended herbal tea Thymi herba to use for increased daily in-

take of Fe.

Zinc. The concentration of Zn in the analyzed plant sam-

ples was between 6.5 0.4 – 242.5 1.4 mg/kg. The highest

concentration was recorded in Betulae folium (242.5

1.4 mg/kg) while the remaining samples contents are much

smaller (6.5 0.4 – 39.0 0.9 mg/kg) and in agreement with

the results from the literature, (Table 5). The lowest value of

Zn was found in sample herbal tea Quercus cortex

(6.5 0.4 mg/kg). Zinc intake beyond permissible limits pro-

duces toxic effects on the immune system of the body and

disrupts copper levels [49]. It is the only metal which appears

in all enzyme classes. In blood plasma, Zn is bound to and

transported by albumin (60%) and transferrin (10%). Exces-

sive iron can reduce zinc absorption, and vice versa. The

concentration of zinc in blood plasma stays relatively con-

stant regardless of zinc intake [50]. The obtained results indi-

cate a significantly higher content of Zn in the medical plant

Betulae folium. Whereas the recommended daily dietary in-

take of zinc stands at 11 (8) mg/day (Table 2) [30, 41, 44].

Manganese. According to the data in the literature, Mn

is expected to be largely concentrated in leaves, decreasing

in roots and stems [34], although its content may be very

high in soil. The content of Mn in herbal teas samples is in

the ranges from 19.0 5.8 in the Glycyrrhizae radix to

561.0 1.9 mg/kg in the Betulae folium. The adequate intake

for adult men and women is 2.3 and 1.8 mg/day, respectively

[41, 44]. A tolerable upper intake level of 11 mg/day was set

for adults based on a no-observed-adverse-effect level

[42, 45, 49]. In the present study, except for Mn levels of

Betulae folium and Frangulae cortex, Mn concentration lev-

els in the studied herbal teas were below the permissible

limit set by FAO/WHO in medicinal plants [51]. The leaves

of Betulae folium and Frangulae cortex contains higher lev-

els than the permissible limits set for Mn in plants. Hence,

they contain unsafe levels of Mn and might be detrimental to

consumer’s health.

Copper. The recommended daily intake for adults of Cu

is 2 – 3 mg/day [30, 34,] or 0.900 mg/day [41, 44]. Copper is

a necessary element in the human organism. It is one of the

native metals found in tea, combined to polyphenol oxidase

enzyme. The lowest value of copper was found in sample

herbal tea Frangulae cortex (2.9 0.1 mg/kg) and the high-

est in Althaeae radix (22.2 0.9 mg/kg). The content of Cu

in Uvae ursi folium is also low, while in the remaining sam-

ples of tea the Cu content is almost uniform

(8.2 0.4 – 13.4 1.0 mg/kg). It is similar in the literature

(Table 5). The results of total contents of studied heavy met-

als in Althaeae radix tea show the ability of this plant to ac-

cumulate heavy metals, particularly Cu (22.2 0.9 mg/kg)

and Fe (144.5 0.8 mg/kg). The concentration of Cu in teas

also depends on the dishes used for tea processing [18]. The
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TABLE 4. Total Content of Heavy Metals (mg/kg dry weight) in Herbal Teas Collected in Šabac Markets and Determined by AAS (Mean

Values SD)

No. Herbal tea

Concentration (mg/kg)

Cu Fe Ni Mn Zn

1 Matricariae flos 11.1 0.8 166.5 2.3 5.0 0.3 43.5 1.4 26.5 1.2

2 Thymi herba 13.4 1.0 755.5 2.5 8.5 0.8 54.5 1.5 29.5 1.3

3 Menthae piperitae folium 11.0 0.8 366.5 1.9 7.5 0.6 70.7 1.7 16.5 1.2

4 Uvae ursi folium 5.9 0.4 489.0 1.7 6.5 0.7 20.5 1.2 34.5 1.8

5 Betulae folium 13.3 0.7 193.5 2.1 2.5 0.1 561.0 1.9 242.5 1.4

6 Althaeae radix 22.2 0.9 144.5 0.8 5.5 0.4 19.5 0.9 20.0 1.1

7 Gentianae radix 9.7 0.6 269.0 1.5 10.0 1.1 111.0 1.1 39.0 0.9

8 Glycyrrhizae radix 8.9 0.6 411.0 1.2 2.7 0.2 19.0 5.8 11.5 0.6

9 Frangulae cortex 2.9 0.1 118.0 1.1 3.3 0.2 361.0 1.5 8.0 0.6

10 Quercus cortex 8.2 0.4 238.0 0.7 6.5 0.5 150.0 1.5 6.5 0.4



Cu content of herbal tea samples (2.9 0.1 –

13.4 1.0 mg/kg), except Althaeae radix, were in the range

concentration of Cu found in the same investigations, Ta-

ble 5.

Nickel. The nickel concentration in all herbal tea sam-

ples was equally/lower than 10 mg/kg (range 2.5 0.1 –

10.0 1.1 mg/kg) and the usual range is from 2.9 to 22.6 mg

/kg [52]. It can be seen that only in Gentianae radix content

of Ni is greater compared to the literature data from the mar-

ket in Serbia (Table 5).

Contents of microelements in medicinal plants are influ-

enced by genetically-determined properties of a plant as well

as by external factors, including geographic location, soil

type and profile, fertilization, availability of water, pollution

by pesticides or dusts, and gases. The differences can be a

consequence the specific methods of the production of cer-

tain sorts of tea, including type, age of the herbal material,

season of harvesting and manner of maturing and storing

[31, 53].

3.3. Health Risk Assessments

Estimated daily intake of heavy metals by consuming

herbal tea. Health risk evaluation based on the estimated

daily intake (EDI) of the heavy metal pollutant is one of the

important health risk rating implements. The EDI concept

takes into account the heavy metal content in herbal tea, the
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TABLE 5. Content of Heavy Metals (mg/kg) in Herbal Teas (in Original Package) from Serbia Described in the Literature

Tea

Concentration, mg/kg

Cu Fe Mn Zn Ni

Matricariae flos [54] 14.25 130.26 76.14 34.67 —

Thymi herba [54] 8.94 445.78 127.06 44.26 2.51

Mentha x piperita [54] 17.15 443.90 111.97 26.86 —

Mentha piperita [16] 12.9 – 13.9 - 47.9 – 69.9 16.3 – 25.0 3.8 – 4.4

Chamomillae flos [16] 10.8 – 14.1 - 26.0 – 43.8 15.4 – 17.5 2.2 – 3.4

13 tea samples* [55] 5.77 – 10.63 58 – 2574 26 – 493 12.9 – 79.0 0.70 – 5.95

Echinacea purpurea [34] 4.4 – 15.9 32.2 – 292 8.80 – 67.6 3.9 – 18.6 0.50 – 9.30

* The sample preparation has been performed using wet digestion procedures.

TABLE 6. Estimated Daily Intake (EDI) (mg/kg bw/day) of Heavy Metals for Adults due to the Consumption of Herbal Teas from Serbia, the

Mean Average EDI (mg/kg body weight/day), and the Recommended Daily Intake (RDI) Expressed for Body Weight (mg/kg body weight/day).

No. Herbal tea EDI (mg/kg body weight/day) for adults

Cu Fe Ni Mn Zn

1 Matricariae flos 6.04 10
–4

2.90 10
–3

3.46 10
–4

2.33 10
–3

9.49 10
–4

2 Thymi herba 7.29 10
–4

1.32 10
–2

5.88 10
–4

2.92 10
–3

1.06 10
–3

3 Menthae piperitae folium 5.99 10
–4

6.39 10
–3

5.19 10
–4

3.79 10
–3

5.91 10
–4

4 Uvae ursi folium 3.21 10
–4

8.53 10
–3

4.49 10
–4

1.10 10
–3

1.24 10
–3

5 Betulae folium 7.24 10
–4

3.38 10
–3

1.73 10
–4

3.01 10
–2

8.69 10
–3

6 Althaeae radix 1.21 10
–3

2.52 10
–3

3.80 10
–4

1.05 10
–3

7.17 10
–4

7 Gentianae radix 5.28 10
–4

4.69 10
–3

6.91 10
–4

5.95 10
–3

1.40 10
–3

8 Glycyrrhizae radix 4.84 10
–4

7.17 10
–3

1.87 10
–4

1.02 10
–3

4.12 10
–4

9 Frangulae cortex 1.58 10
–4

2.06 10
–3

2.28 10
–4

1.94 10
–2

2.87 10
–4

10 Quercus cortex 4.46 10
–4

4.15 10
–3

4.49 10
–4

8.05 10
–3

2.33 10
–4

The mean average of EDI (mg/kg body

weight/day)

5.80 10
–4

5.50 10
–3

4.01 10
–4

7.57 10
–3

1.56 10
–3

Recommended daily intakes expressed

by body weight (mg/kg body weight/day)

which calculated for men (women)

weighing 70 kg

1.29 10
–2

1.14 10
–1

(2.57 10
–1

)

7.14 10
–3

3.29 10
–2

(2.57 10
–2

)

1.57 10
–1

(1.14 10
–1

)



herbal tea ingestion rate, the transference rate of the heavy

metal from herbal tea to herbal tea infusion and the body

weight of exposed persons.

Potential health risk from ingesting heavy metals from

herbal teas was performed for adults. In this study the aver-

age body weight for adults was considered to be 70 kg

[46, 56]. The heavy metals in herbal teas are not all ingested

into the human body but already extracted into the herbal tea

infusion, and then ingested into the human body. Conse-

quently, the transference rates (TR) of the heavy metals from

herbal tea to herbal tea infusion need to be included when de-

termining the amount of heavy metals in herbal teas into hu-

man body. In the present study, the assessment of the concen-

trations of heavy metals in herbal tea infusion had not been

perform. The transference rates of heavy metals from herbal

tea to herbal tea infusion were cited from the results of cer-

tain earlier research. Accordingly, the transference rates of

Cu, Fe, Ni, Mn and Zn were 38.10, 12.21, 48.40, 37.55 and

25.08%, respectively [57]. The transference rates of Cd and

Pb are not listed, because their content in all samples was be-

low the detection limit.

Based on the assumption that the average consumption

of herbal tea infusion for single person is five cups a day

with one packet of 2 g (for each), the daily consumption of

dry herbal tea was 10 g/person/day (F
IR

) [58].

According to Eq. (1), the estimated daily intake (EDI)

values of heavy metals (Cu, Fe, Ni, Mn and Zn) in tested

herbal teas from Serbia were calculated and the results are

show in Table 6. In addition, Table 6 gives the values of rec-

ommended daily intake as expressed per body weight (mg/kg

body weight/day) i.e., recommended daily intakes recalcu-

lated for adults weighing 70 kg.

The EDI values in tested herbal teas was the following:

Mn > Fe > Zn > Cu > Ni because the mean average of EDI

were 7.57 10
–3

, 5.50 10
–3

, 1.56 10
–3

, 5.80 10
–4

,

4.01 10
–4

(mg/kg bw/day), respectively (Table 6). This

means that the contribution of Mn was the largest among

daily intakes of all analyzed heavy metals. Similarly, Zhang, et

al. [38] also reported that EDI of Mn was the highest among

investigated metals (Mn, Al, Zn, Cu, Ni, Cr, Pb, As, Hg and

Cd) consumed through the use of tea.

The EDI for Cu, Fe, Ni, Mn and Zn in all tested herbal

teas less than the recommended daily intakes expressed by

body weight (Table 6). This indicates that the daily intake of

these heavy metals surveyed as a five cups of the herbal tea

infusion are much lower than human body needed. Accord-

ing, consuming herbal tea can supplement essential in traces

elements (Cu, Fe, Mn and Zn) and probably essential in

traces elements (Ni) [12] needed by human body, but their

contents are much less than human body needs. The herbal

tea of Betulae folium was an exception, because it has a

slightly higher value the RDI expressed by body weight for

women for Mn (Table 6). The EDI values in this research

were all below the RfD values (Table 2) for all investigated

heavy metals in the eight samples of herbal teas (1, 2, 3, 4, 6,

7, 8, 10) (Table 6), indicating that the drinking of the ana-

lyzed herbal teas did not appear to pose a health risk to con-

sumers. On the other hand, for samples 5 and 9, the EDI val-

ues of the four heavy metals (Cu, Fe, Ni and Zn) the ele-

ments were lower than the appropriating RfD values, except

for Mn. Also, the EDI values were significantly less than up-

per tolerable daily intakes (UL) values for all the five ele-

ments in the studied herbal teas (Tables 1 and 6).

By comparing the EDI and the RDI (Tables 2 and 6), we

can determine the contribution to the daily intake of heavy

metals (%) by consuming the tested herbal teas. The obtained

calculated values are shown in Table 7.

Among the herbal teas tested, the greatest contribution to

the daily intake of Cu (9.37%) is provided by drinking herbal

tea of Althaeae radix; Fe (11.56% (for men) and 5.13% (for
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TABLE 7. Calculated Contribution to Daily Intakes of Heavy Metals (%) by Consuming Analyzed Herbal Teas from Serbia for Adults (Men

and Women).

No. Herbal tea

Contribution to daily intake of heavy metals (%) with herbal tea

Cu

Fe

Ni

Mn Zn

for men for women for men for women for men for women

1 Matricariae flos 4.68 2.55 1.13 4.84 7.09 9.08 0.60 0.83

2 Thymi herba 5.65 11.56 5.13 8.23 8.89 11.38 0.67 0.93

3 Menthae piperitae folium 4.64 5.61 2.49 7.26 11.53 14.76 0.38 0.52

4 Uvae ursi folium 2.49 7.48 3.32 6.29 3.34 4.28 0.79 1.08

5 Betulae folium 5.61 2.96 1.31 2.42 91.47 117.10 5.53 7.62

6 Althaeae radix 9.37 2.21 0.98 5.33 3.18 4.07 0.46 0.63

7 Gentianae radix 4.09 4.12 1.83 9.68 18.10 23.17 0.89 1.23

8 Glycyrrhizae radix 3.76 6.29 2.79 2.61 3.10 3.97 0.26 0.36

9 Frangulae cortex 1.22 1.81 0.80 3.20 58.86 75.35 0.18 0.25

10 Quercus cortex 3.46 3.64 1.62 6.29 24.46 31.31 0.15 0.20



women)) Thymi herba; Ni (9.68%) Gentianae radix; Mn

(91.47% (for men) and 117.1% (for women)) Betulae folium

(58.86% (for men) and 75.35% (for women)) Frangulae cor-

tex; and Zn (5.53% (for men) and 7.62% (for women))

Betulae folium (Table 7).

Risk of individual heavy metals by consuming herbal

tea. The concept of the target hazard quotients were devel-

oped to evaluate potential health risks correlated with long

term exposure to chemical pollutants. It is a complex param-

eter which includes the estimated daily intake of heavy met-

als as well as their oral reference dose [41]. If the value THQ

is less than 1 indicate that there is no important risk of

noncarcinogenic effects for the exposed consumers

[38, 41, 45]. But if the value THQ is bigger is than 1 and less

than 5, is considered as not safe for human health, therefore

means that the exposed consumers is in a level of concern in-

terval [41].

Values of the THQ for investigated heavy metals and

herbal teas are presented in Table 8. The THQ for tested

heavy metals (Cu, Fe, Ni, Mn and Zn) from the eight samples

herbal teas (1, 2, 3, 4, 6, 7, 8, 10) were less than one, which is

regarded as secure for human use. Values of the THQ for Mn

for herbal teas of Betulae folium and Frangulae cortex is

more than one i.e. 2.15 and 1.38, respectively. It makes these

herbal teas unsafe for the consumer.

Combined risk of multiple heavy metals by consum-

ing herbal tea. The combined noncarcinogenic influences of

two or more heavy metals can be expressed by their HI val-

ues. Based on the HI values, no important hazard of

noncarcinogenic consequences is expected if the value is less

than one (HI < 1). But, if the HI is more than one (HI > 1),

there is a possibility that noncarcinogenic risk effects may

appear. It is very probability that the heavy metals have nega-

tive impacts on human health, which pretends to increase

with the increment of HI value [43, 59]. If the HI value is

higher than 10.0, there is a chronic toxic effect on human

health [38].

The HI values of all investigated heavy metals via the

consumption of herbal tea infusions are given in Table 8. It

was discovered that HI values for all the tested heavy metals,

in the eight samples herbal teas (1, 2, 3, 4, 6, 7, 8, 10), were

below 1. This enabled us to conclude that there is actually no

carcinogenic risk from the drinking of infusions of these

herbal teas, in amounts and with the frequency assumed in

this paper.

However, there are two herbal teas (Betulae folium and

Frangulae cortex) having the HI values above unity. The HI

value of the herbal tea of Betulae folium was 2.15, while the

HI of the herbal tea of Frangulae cortex was 1.38. Consump-

tion of these herbal teas might present potential health risks.

The HI values of Betulae folium and Frangulae cortex were

above unity, very likely due to a high daily intake of Mn with

these herbal teas.
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