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Abstract: This survey focuses on the problem of medicinal plants contamination due to environmental
pollution produced by many different industrial activities and atmospheric deposition of some toxic
compounds. This analysis is important since plants can easily absorb organic and inorganic
compounds from all environmental compartments (water, soil, air), which can enter and be transferred
in the trophic chain, up to humans. Medicinal plants are relevant for study in relation with their
interactions with different contaminants, in particular those inorganic persistent as heavy metals,
because they are used in entire world for their beneficial properties, and represent a significant part of
traditional medicine. According to World Health Organization (WHO), 65-80% of world's population
depends on herbal products as the primary form of health care. Frequent use of medicinal plants to
improve health, in the context of current pollution, requires special attention, since they can contain
heavy metals in their structures, which can generate hazards and risks on human health throughout
the subsequent consumption of contaminated medicinal plants as teas, other drinks, cosmetics.
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1. Introduction

The decrease of environment quality caused by pollution is a consequence of many different
human activities. Pollution generates unwanted changes in the environment, with harmful
consequences on plants, animals and humans. The nature and concentration of pollutants determine the
severity of the environmental impact and harmful effects on human health.

Persistent pollutants - a distinct category of environmental pollutants of organic or inorganic nature
possess some specific characteristics, manifested as: harmfulness (toxicity to ecosystems and humans);
persistence (can remain for longtime in the environment, being non- or low- biodegradable);
bioaccumulation (are absorbed in the fatty tissue of living organisms including humans where
bioaccumulate and also are transferred in the food chain, where can be found in higher concentrations);
capacity to be transported on long-range distances (due to their persistence, these pollutants are
transported over long distances by air and water so that they can be found in areas where they have
never been used and, in some cases, they are found around the globe) [1-3]. Due to their toxicity, these
pollutants are also named persistent toxic substances (PTS).

Persistent organic pollutants (POPs) are toxic substances represented by carbon-based organic
compounds and chemical mixtures. Among the first and best known POPs are industrial chemicals
such as PCBs and pesticides such as DDT (dichlorodiphenyltrichloroethane). POPs are usually
industrially produced and by-products, of relatively recent date, whose production intensified after
World War 1. In order to limit the effects of persistent organic pollutants on the environment and
human health, the Stockholm Convention, adopted in May 2001 under the United Nations
Environment Program (UNEP) (and entered into force in 2004), provided a series of measures to
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reduce and eliminate production, use and release of these substances [4]. In 2002, the Convention
covered 12 POPs considered to have the greatest impact, the so-called "dirty dose". Other substances
with the same characteristics were then added to the treaty.

Persistent inorganic pollutants (PIPs) is another category of persistent pollutants which, similar to
POPs, are able to generate serious impacts and risks at a global scale, not only to the environmental
components (water, air, soil), but also to human health [5-7]. Some inorganic chemicals which are not
classified as persistent may transform into PIPs, depending on their physico-chemical properties as
well as environmental influences [8]. Generally, PIPs includes pesticides as silicate, borate, sulfur
derivatives extracted from mines and then transformed in powders, with poisoning properties or able to
physically interfere with pest. Some of these pesticides which contain metals such as: arsenic, cooper,
lead, tin salts, are highly toxic. As persistent inorganic pollutants, heavy metals are non-biodegradable,
can accumulate in soils and biological compartments and move through the food chain, then affecting
the normal functions of the human body [9,10].

Therefore, both POPs and PIPs can generate considerable impacts and risks for ecological systems
and humans. A great part of the literature dedicated to different pollutants belonging to these two
categories addresses the threats associated with the presence of heavy metals in the environment.

Heavy metals are significant environmental pollutants, and their toxicity significantly affects
ecological, evolutionary, nutritional and environmental systems. The sources of contamination of
medicinal plants with heavy metals are the long-term irrigated areas with treated or untreated
wastewater, those with heavy car traffic or tailings dumps, or other types of waste deposits that may
contain metals. Soils in various parts of the world are slightly to moderately contaminated with toxic
heavy metals such as Cd, Cu, Zn, Ni, Co, Cr, Pb and As, as a consequence of long-term use of
phosphate fertilizers, soil amendment with sludge from wastewater treatment plants, traffic, the
presence of industrial waste, inadequate irrigation practices [11, 12]. Heavy metals, as persistent toxic
substances, can also generate massive pollution of soils and waters, the most common toxic metals
being lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu), mercury (Hg)
and nickel (Ni). Most metals cannot be degraded by microbial or chemical action, so they can persist
in soils long after their introduction. Toxic metals in the soil can severely inhibit the biodegradation
processes of some organic pollutants [13, 14].

Plants constantly interact with soils polluted with heavy metals and, being immobile organisms,
have developed complex defense strategies, which involve an enormous variety of chemical
metabolites as tools to overcome stress conditions. Studies proved that the metals present in the soil
solution as a soluble component or solubilized by exudates from plant roots are thus bioavailable for
absorption by plants. Although plants need a number of metals for growth, development and
maintenance, they can become toxic if they are in excessive amounts, but the ability of plants to
accumulate essential metals makes it possible to absorb other metals, whose presence affects the plant
[12, 15, 16]. Some plants can tolerate high amount of heavy metals, being cultivated to extract them
and clean the soil by phytoremediation. However, the majority of plants cultivated on contaminated
soils are agricultural crops, industrial plants or other beneficial vegetables which are intended to
human consumption and use. Therefore, human health can be severely affected by the consumption of
vegetables and fruits from plants growing in soils containing high concentrations of heavy metals. For
example, some studies estimate that about half of the lead in the human body comes from food, which
in a proportion of approximately 50% originate from plants [17, 18].

Specialized literature and daily practice demonstrate that some plants have been and continue to be
widely used both in the pharmaceutical industry and in the treatment of diseases through so-called
ethno-medicine, consumers revealing a growing interest in these products. Phytomedicine exploits
many active principles produced by plants as metabolites. Unfortunately, the quality and quantity of
these active principles in plants are influenced by a multitude of factors, of which the most important
are related to environmental pollutants [19, 20]. The effects of heavy metals toxicity on medicinal
plants used in traditional medicines has been reported worldwide, since the accumulation of heavy
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metals in medicinal plants require careful analyses to avoid noticeable metal concentrations reaching
the consumer [21-25].

In this context, the goal of our paper is to appraise how the soil pollution with heavy metals can
affect the medicinal plants, and how the consumption and use of these plants can affect the human
health. So, we reviewed the ways of contamination with heavy metals, the changes produced in plant
tissues and highlighted the most frequently affected parts of medicinal plants by heavy metals. Also,
we discussed the potential hazards and risk to human health as a consequence of raw herbs
consumption and use of commercially available products from herbs.

2. Therapeutic properties and uses of medicinal plants

Many plant species are used by humans for their beneficial properties as an important part of
traditional medicine and also as significant sources of natural nutrients and antioxidants [26].
Medicinal plants have lower costs than synthetic drugs and they are applied in the treatment of
diseases worldwide, e.g. for the prevention and treatment of some chronic diseases: cardiovascular
diseases, inflammatory diseases, arthritis, diabetes and others [27]. Medicinal plants have the capacity
to produce secondary metabolites as alkaloids, terpenoids and phenolic compounds, with important
biological effects such as anti-inflammatory, anticancer and antioxidant properties [28]. Currently, it is
about integrated medicine, which involves a lot of plants and their active components, both for the
treatment of some diseases and for aromatherapy, primary medicines and several other therapies. They
are adopted both at home and in the hospital, for treatments and prevention. Medicinal and aromatic
plants represent a continuous hope for human life [29, 30]. The World Health Organization (WHO)
estimates that 65-80% of world's population depends on herbal products as the primary form of health
care [31].

Medicinal plants are used in all traditional medicinal systems that have integrated phytotherapy
into their doctrines such as Ayurveda, Chinese, Tibetan, Amazonian, African and Unani. There are
several ways in which herbs can be prepared to benefit from their antioxidant properties, and some of
them are represented by infusion, decoction, maceration and cataplasm.

Numerous studies have shown the beneficial effect of herbs for different health conditions, some of
them are presented in Table 1. For example, a study by Zuo et al. [32], showed that the use of Malva
sylvestris L. has cardioprotective effect and reduces oxidative stress and inflammatory response.
Ranjbar et al. [33] showed in a study that a combination of Melissa officinalis L. and Nepeta
menthoides Boiss & Buhse can combat insomnia, depression and anxiety. Another interesting study by
Sarma et al. [30] shows that Salix migra inhibited oxidative stress in rats with collagen-induced
arthritis, and Ghanbari et al. [34] have shown that spirulina (Spirulina plathensis), improved the
memory deficit induced by thetoxic alkaloid (scopolamine) by inhibiting oxidative stress.

Medicinal plants are important sources of natural antioxidants and they are used worldwide as an
alternative treatment source for various conditions. These or herbal extracts have been used over time
to prevent or even stop disease [35, 31]. Antioxidants are used to support human health and are
considered biochemical compounds that have the ability to repel free radicals and reactive oxygen
species that are known to be harmful to health. Consumption of antioxidants can reduce the symptoms
of diseases associated with oxidative stress, especially chronic diseases [36]. The literature shows that
some medicinal plants contain phenols, phenylethanoids, phenylpropanoids, flavonoids, iridoids,
lignans and alkaloids and that these compounds have antioxidant, antimicrobial, anti-inflammatory,
hepatoprotective and diuretic properties [37]. Medicinal plants are a remedy for diseases caused by
oxidative stress, due to their antioxidant properties. Oxidative stress plays an important role in human
health and has been correlated with numerous defects in cognitive function in certain health problems
such as, aging, post-traumatic disorders and even Parkinson's disease [48].
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Table 1. Beneficial effects of medicinal plants
Medicinal herbs and their therapeutic use

Species Therapeutic use References
Mentha piperita Bacterial infections, infectious diseases [38]
Lavanda angustifolia Reduces anxiety [39]
Juniperus communis Hepatoprotective, have antioxidant potential [40]
Achillea millefolium Decreases annual rate of patients with El%}

multiple sclerosis

Hyssopus officinalis Antifungal, antioxidant properties [43]
Acorus calamus Treatment of cardiovascular diseases [44]
Antidepressant, reduces menopausal [45]
symptoms and depression in postmenopausal
women

Valeriana officinalis L. Sedative, used in anxious states, muscle [46]

relaxation
Melisa officinalis Sedative, antibacterial, antiviral, antioxidant [47]

and antifungal
activities

Direct damage to biological molecules is caused by oxidative stress (oxidation of DNA,
carbohydrates, proteins, lipids), and secondary damage is due to the cytotoxic and mutagenic action
released during lipid oxidation. The released products bind to DNA and are directly involved in the
processes of mutagenesis and carcinogenesis. Therefore, oxidative stress is responsible for many
diseases and contributes to their complications. Free radicals, responsible for oxidative stress, are
involved in many diseases such as asthma, cancer, cataracts, cardiovascular disease [36]. The
phenomenon of oxidative stress is known worldwide, due to the progression of cancer in all continents,
and a remedy used in 80% worldwide for the prevention and treatment of diseases caused by oxidative
stress is represented by medicinal plants [49].

3. Contamination of medicinal plants with heavy metals

Despite medicinal plants are consumed as natural medical, food, and nutritional sources, they can
be contaminated with different pollutants, organic or inorganic. For example, persistent inorganic
pollutants, such as heavy metals, are considered a category of a great interest because of their negative
impacts in the environment and for human health. Unlike many organic pollutants as biodegradable
organic compounds, which can degrade into carbon dioxide and water, heavy metals can be
accumulated in the environment, and can induce a number of negative effects on the environment and
human health, as mentioned above. Although some medicinal plants are harvested from the wild, their
cultivation for commercial purposes has grown directly in proportion to the requirement [50]. The use
of pesticides and the storage conditions of medicinal plants after they are harvested, can increase
accumulation of heavy metals in the plant tissues.

3.1. Interactions between soil heavy metals and medicinal plants

Soil is the main source of contamination, where from heavy metals can move to the surface of the
roots by diffusion or ion exchange between the surface of the root and soil-water. Plants use active
absorption to assimilate essential metals, but they can also take up other toxic elements available in the
soil (Figure 1) [51]. At the same time, heavy metals can move through cationic channels in the cell
membrane inside the cell [16, 52, 53]. Heavy metals such as arsenic (As), lead (Pb), cadmium (Cd) and
mercury (Hg) are not biologically important in living organisms, but can have toxic effects and cause
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problems in their development. For this reason, a number of heavy metals should be considered a
potential threat to medicinal plants and human health [54]. Metals can be absorbed and transported
from polluted soil into plants through several mechanisms: phytoextraction, phytostabilization,
phytovolatilization, rhizofiltration and produce some changes in plants (Figure 2).

HM penetration and deposition through
cuticular cracks
Source of
Heavy Metal ' i
2 Metal accumulation
n P'al’lts \ in leaf
|
Foliar
uptake uptake Metal uptake
through leaf
v v
Traffic Metal accumulation
Factories Soil in root
Mining
Food contamination .
A
contamination n Transfer of HM towards | ® HM penetration through stomata
b Vascular bundle
Cu « Heavy metals
As
G Shoot to Root HM movement 0 -
0 Root to shoot HM movement Zn -

Figure 1. Sources of heavy metals, and foliar, root uptake of heavy metals in plants
(from Hasan et al. [51], according to the provisions MDPI “This is an open access article
distributed under the Creative Commons Attribution License which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited”)
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Figure 2. Metals-plants interactions during metal transport from polluted medium to plant
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A methodology to assess the mobility of metal in plants is the based on transfer (or translocation)
factor (TF), as expressed by Eq. (1) [17, 55]:

C
TF = plant 1
. €

total/ soil

where: Cpiant is the concentration of an element in the plant material (dry weight basis) and Ciotaisoil iS
the total concentration of the same element in the soil (dry weight basis) where the plant was grown.
The higher the TF value, the higher the metal availability is.

On the other hand, two bioaccumulation factors (BAF) were calculated. The BAF in root (BAFroot)
was defined as the ratio of metal concentration in the root (Croot) to that in the soil (Csoir); the BAF in
aerial part (BAFaeria) Was calculated as the ratio of metal concentration in the aerial part of the plant
(Caerial) to that in the soil (Csoil) (Eq 2) [56]

BAFroot = Croot / Csoil (2)
Metal extraction ratio (MER) can be computed by Eq. (3) [57]:

MER = (Cpiant X Mpiant/Csoil X Mrooted zone) X 100 3
where: Cpiant IS metal concentration in the harvested component of the plant biomass; Mpiant is the mass
of the harvestable aboveground biomass produced on the harvest; Csqil is the metal concentration in the
soil volume; Mrooted zone IS the mass of the soil volume rooted by the species under study.

Table 2 shows some bioaccumulation parameters of various combinations heavy metals - herbs.

Table 2. Some parameters which can characterize the mobility of heavy metals from soil
in different medicinal plants

Medicinal plant Metal Bioaccumulation parameters Reference
BAF =2.71
Artemisia vulgaris Pb TF =2.46
MER =3.94
BAF =2.13 [57]
Plectranthus amboinicus Pb TF=0.81
MER =31.0
Ocimum sanctum Al BAF =0.025
Mg BAF =0.338 [58]
Aloe barbadensis Al BAF =0013
Mg BAF = 0.205
Cd C=0.64 (ugg?
Ocimum tenuiflorum Pb C=13(ugg™
Cr C=18.63(ugg? [59]
Cd C=0.74(ngg™
Rosa rubiginosa Pb C=51.77(ugg™
Cr C=47.18 (ugg™
TF=1.35
Cd
Rumex acetosa BAF=011 [60]
Cu TF=1.03
BAF =0.19

3.2. Heavy metals bioavailability for medicinal plants
There are two possibilities for plants to interact to heavy metals: exclusion or accumulation. By
accumulation, metal ions are retained in plant cells in a non-toxic form. Exclusion involves falling
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leaves to remove accumulated ions or metal complexes [7, 30, 61]. Plants extract from the soil and
bioaccumulate the fraction of heavy metals that can be mobilized from the soil, the so-called available
fraction, which confers to metals the property named metal bioavailability, i.e. the degree to which a
chemical can be absorbed by a living organism and transported inside that organism [6, 17]. This
property is dependent on the properties of the soil (pH, organic matter content, texture) and the plant.

“Bioavailability is ... the extent to which a substance can be absorbed by a living organism and
can cause an adverse physiological or toxicological response; ... this definition implicitly includes the
extent to which a substance can desorb, dissolve, or otherwise dissociate from the environmental
medium in which it occurs to become available for absorption.” [62]. “Bioavailability processes are ...
individual physical, chemical, and biological interactions that determine the exposure of plants and
animals to chemicals associated with soils and sediments” [63].

Some authors considered that bioavailability is a dynamic process and that it occurs as a result of
the existence of 3 successive processes: (1) a process (desorption, solubilization) controlled by
physico-chemical parameters, which depends on the characteristics of the soil (for example), the metal
and the interaction between the two partners, the soil and the metal (called the availability of the
environment); (2) an absorption process controlled by the soil-plant relationship (physiological
process, called environmental bioavailability); (3) a process of accumulation of metal inside the body,
controlled by the characteristics of the organism (called toxicological bioavailability) [64-66].
Therefore, bioavailability can be characterized as a complex, dynamic process that depends on the type
of organism, the type of exposure and the speciation of metals (Figure 3) [67]. In the literature there
are also other definitions for bioavailability, which indicates that this concept is not thorough and
constant defined. Bioavailability can be determined by chemical methods, mainly in order to predict
the degree of absorption of soil pollutants in plants. These methods are summarized in Table 3 [67,
68].
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Table 3. Chemical methods to predict the bioavailable fraction (+ = promising) [67] (Harmsen, 2007)*

Mechanism Simulates Pathway Method - Calibrated Recom- Limitations
Contaminant Target mended
Neutral pore water direct contact neutral water Cd/Zn/Ni soil organisms, + NHiNO3 may
extract concentration with water extract plant uptake reduce pH in low
(NeNO5 ] Ca?(tlJ E?T:Z;j/ ?:éltjce
KNO3sNH4NOs; dissolved organic
CaCly) carbon
concentrations
poorly soluble
compounds
depends on
concentration of
salt
direct contact extraction of Cd/Zn/Ni soil organisms, + pore water not
with water pore water plant uptake available in dry
soil
equilibration time
if water is added
transport leaching test inorganic/ groundwater + poorly soluble
organic compounds
Separation free metal uptake DMT+, DGTE inorganic soil organisms, + specialized
by diffusion  concentration plant uptake equipment
Acid potential uptake acid extract Cd/Zn/Ni plant uptake +
extraction soluble in (HNO3) after including
water soil
characteristics
transport leaching test inorganic groundwater +
uptake acid extract (pH Pb screening, + gives a maximum
of stomach or human of bioavailability
lower) ingestion because
pH in the
intestine system
is higher
Complexing potential uptake, transport EDTA extract heavy metals plant uptake,
agent soluble in groundwater
water,
competitive
Simulation oral uptake human uptake stomach and Pb/Cd/zn/ human +
of digestion intestine system Ni/Hg/
PCB/
PAH method
comparison
Adsorption amount in contact with adsorption to PAHS degrading +
to equilibrium pore water excess solid organisms,
competitive with phase uptake
adsorbant pore water (TENAX, XAD, invertebrates
cyclodextrins)
pore water contact with adsorption to PAH/PCBY/ uptake +
concentration pore water solid phase OCP# invertebrates
(SPMEf1)
Increasing amount in contact with mild (water + PAHSs degrading
solubility equilibrium pore water organic) solvent organisms
with pore
water
Partial amount of easily attainable oxidation with PAHs degrading +
oxidation of weakly by persulphate organisms
organic bounded microorganisms
matter organic

contaminants

+ DMT, Donnan membrane technique (Weng et al., 2005); 1 DGT, differential gradients in thin films; § PAH, polycyclic aromatic
hydrocarbons; PCB, polychlorinated biphenyls; # OCP, organochlorine pesticides; 11 SPME, solid-phase micro-extraction.
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3.3. Heavy metal-mediated changes in medicinal plants

Some metals (Cr, Mn, Zn and Cu) appear in green plants as essential metals usually in low
concentrations, and organisms that consume such plants are not affected. However, due to
environmental pollution, concentration of heavy metals in plants can be increased. A list of the most
common essential and toxic heavy metals are presented in Table 4.

Exposure to heavy metals causes the accumulation of harmful reactive oxygen species (ROS), a
situation when plants activate their metabolic activities and physiological changes to combat the
effects of stress generated by heavy metals (Figure 4) [69]. In this way the plant protects itself against
the action of free radicals, preventing the destruction of some molecules of lipids, proteins, nucleic
acids [15]. Strategies for protecting plants against the action of heavy metals include the accumulation
of secondary metabolites, such as antioxidant enzymes, proline, glutathione and phenolic compounds
and flavonoids. These strategies depends on both the species of the plant and the concentration of the
possible contaminating metal [70] (Maleki et al., 2017).

Heavy metals absorption interferes with that of nitrogen, phosphorus and potassium and may cause
deficiency of these macronutrients. For example, exposure to high concentrations of cadmium can
cause chlorosis and necrosis [70]. Both micronutrients and macronutrients play a very important role
in the physical and biochemical processes of plants, such as chlorophyll biosynthesis, photosynthesis,
DNA synthesis, protein modification, and redox reactions. For example, Zn, a metal essential for plant
development is a cofactor for more than 300 enzymes and 200 transcription processes, is associated
with maintaining membrane permeability and cell reproductive function [41].

Table 4. Representative essential and toxic heavy

metals in the environment
Heavy metals

Essential Toxic
Zinc Arsenic
Copper Cadmium
Iron Chromium
Manganese Copper
Nickel Lead
Chromium Nickel
Molybdenum Mercury

A study made by Anyanwu et al. [69] shows that some heavy metals can reduce the toxic effects of
other heavy metals. For example, selenium supplementation (Se) in some plants neutralized the
negative effects of cadmium (Cd), and moreover, cadmium decreased protein content, and selenium
supplementation increased again to appreciable levels. An important outcome is that the growth of
medicinal plants in contaminated environments with heavy metals can affect the biosynthesis of
secondary metabolites, which are also important indicators for the quality of medicinal materials.
Studies have shown that medicinal plants subjected to heavy metals stress cause a significant increase
in secondary metabolites, which do play an essential role in plant activity, being also important in its
interaction with the environment and in the ability to defend and adapt, being responsible for specific
odors, color of plants, toxins, but also for tastes [71].
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Figure 4. Attack of heavy metals on a cell resulting
in the production of reactive oxygen species (ROS). (from Anyanwu et al. [69],
according to the provisions MDPI: “This is an open access article distributed under
the Creative Commons Attribution License which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited”)

Plants produce a multitude of structurally different organic compounds that are not involved in
normal growth or reproduction, but are necessary in adapting plants to the environment. Secondary
metabolites contain more than one functional group and have multiple functionality and bioactivity.
Synthesis of secondary metabolites derives from the primary metabolism. The environment
quantitatively affects the metabolic process of plants through the impact on their development. These
environmental factors can trigger sudden activation in the production of secondary metabolites [20].
Secondary plant metabolites can provide protection for plants under various biotic and abiotic
influences. Environmental conditions that affect the amount or composition of phytochemicals in
medicinal plants to be counteracted by phenolic compounds and other secondary metabolites, which
have numerous pharmacological properties, positively influencing the medicinal potential of the plant
product. Some of the secondary metabolites that contain nitrogen compounds are glycosides, alkaloids,
phenolic compounds, phenolic acids, lignin and anthocyanidin. Accumulation of secondary
metabolites occurs when plants are subjected to stressors such as growing conditions, photoperiod,
temperature, but also at exposure to heavy metals. It has been observed that metallic stress causes
increases in secondary metabolites. For example a study by Lajayer et al. [71] show that exposure to
metallic stress caused the accumulation of secondary metabolites in Mentha pulegium L. by
stimulating immune responses. However, scientific information regarding the specific physiological
responses of medicinal plants to the toxic action of heavy metals in soils, as well as changes in the
pharmacological efficacy of the plant are quite limited [72,73].
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3.4. Parts of plants affected by heavy metals

Biological particularities of plants allow the accumulation of toxic compounds in different
compartments such as root, shoot or leaf (Figure 1). Some plants show visible toxic effects such as
necrosis, while other plants show no visible effects, which requires chemical analysis. Some studies
show that certain species of medicinal plants have different bioaccumulative potentials (Table 5). For
example Galal and Shehata [74] showed that Pltantago major is a hyperaccumulator of iron (Fe) and
aluminum (Al), because can accumulated concentrations higher than 1000 mg kg™, in the shoot.
Another study by Angelova et al. [75] concluded that lavender (Lavandula vera L.), can tolerate heavy
metal and can be considered a hyperaccumulative plant for Pb, Cd and Zn and can be successfully used
in the phytoremediation for heavy metal polluted soils. A study by Lajayer et al. [76] showed that
edible parts of the basil plant can accumulate small amounts of micronutrients and heavy metals, while
the study of Fattahi et al. [77] shows that sweet basil development was significantly affected by
contaminated soil with Cd and Pb. In addition, cultivation of sweet basil in contaminated soils and
fields that are irrigated with wastewater can cause undesirable effects on seed germination and also on
plant morphology and physiology.

The study of Fattahi et al. [77] showed that increased concentrations of Cd and Pb in the soil also
lead to increased metal content in leaf and root samples. The content of heavy metals was higher in
leaves than in the roots, while the concentration of Pb in the plant tissue was higher than the
concentration of Cd. The standard level allowed for Pb and Cd in basil leaves is 0.1-0.3 mg kg? dry
weight. Another study by Gajalakshmi et al. [82] showed that Balanites aegyptiaca can accumulate a
high level of copper in the leaves. However, the accumulation of heavy metals in different parts of the
plant is dependent on the plant species, but the most reported cases demonstrated that the accumulation
of metals occurs predominantly in leaves, which are habitually used for tea [83].

Table 5. Medicinal plant parts affected by heavy metals

Species Toxic Compounds Affected part Reference
Ocimum basilicum Pb, Cd Leaf >root [77]
Pltantago major Fe, Al Shoot [74]
Mentha spicata Cd Leaf>stem [78]
Calendula officinalis Cu Leaf [79]
Mentha Cd Leaf , stem [80]
Matricaria chamomilla Cd Leaf [81]
Balanites aegyptiaca Cu Leaf [82]

4. Risks generated by heavy metals in ecosystems and humans

It is estimated that over 70% of the world's population uses herbs to treat a condition. However,
various studies have shown that they can be a source of risk to human health as a result of exposure to
a number of toxic elements contained in plants and taken from the environment. Soil pollution with
heavy metals can generate directly or indirectly, through harvested plants, dangers and risks to
ecosystems and human health through: food chain (soil-plant-human or soil-plant-animal-human),
direct ingestion, decreased agricultural production due to phytotoxicity, decreased land use for
agriculture [84, 85].

4.1. Medicinal plants — a source of heavy metals in human body

The deep knowledge of herbal remedies in traditional cultures has been developed on the basis of
many centuries of trials and passed down the preparation and use of herbs, from one generation to
another. Modern allopathic medicine has its roots in this traditional culture. In traditional systems that
use herbal medicines, their preparation is standardized and varies depending on the plant species and
what condition is treated. After processing and conditioning of medicinal plants for use, the heavy
metals they contain enter the human body and can cause dysfunction of the central nervous system,
liver, lungs, heart, kidneys and brain.
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Medicinal plants can be prepared in by infusion (hot teas), tinctures (in alcohol and water),
decoctions (boiled tea) and macerated (obtained by cold soaking). Plant-derived substances have
become of great interest due to their versatile applications. Medicinal plants are the richest sources of
drugs in traditional systems, they are used in modern drugs, chemical entities for synthetic drugs and
food supplements. WHO recommends, encourages and promotes traditional herbal remedies in
national health care programs because of their low cost and the fact that people trust them [86].
However, there is a possibility that the medicinal plants used may be contaminated with heavy metals
and by consumption, especially by preparing herbal teas harvested from soils whose chemical
properties are not known.

Recent studies show that some medicinal plants can accumulate significant amounts of heavy
metals in their components, which will then be used for consumption by the population. In Romania,
Nica Badea [87] investigated the concentration and dispersion of heavy metals Pb, Cd, Hg, in some
medicinal herbs as: Chelidonium majus L, Crataegus monogyna, Artemisia absinthium L, Hypericum
perforatum, from spontaneous flora bordering coal power plants and, based on the results,
recommended a systematic control of heavy metals content in herbs. Diaconu et al. [88] performed
quantitative analyses of metallic elements (Cu, Cr, Cd, Fe, Mn, Zn, Pb) in some medicinal plants
comprising Mentha piperita L., Matricaria camomilla L., Hypericum perforatum L., Achillea
millefolium L., Thymus serpillum, Capsella-bursa-pastoris L., Urtica dioica L., Primula veris L.,
Plantago major L., Taraxacum officinalis L., and their infusions, using flame absorption spectrometry.
It was found that monitoring the content of mineral elements in medicinal plants and their boiling
water extracts is necessary due to high concentration of heavy metals in herbs infusion. Muntean et al.
[89] analyzed the heavy metal content of some commercially available products: basil (Basilici
folium), chamomile (Chamomillae folium), mulberry (Mori folium), plantain (Plantaginis folium),
dandelion (Taraxaci herba), mint (Menthae herba), St. John's wort (Hyperici herba), marigold
(Calendula flos), fennel (Foeniculi fructus) and dill (Anethi fructus). The heavy metals contents of
herbal teas and drinks was found as varying with factors as plants species, geographical area, exposure
to different pollution sources, drying conditions.

Tea has an important role in the intestinal micro flora and is one of the most consumed beverages
in the world. It has a beneficial action on intestinal diseases and in the protection of cell membranes
due to oxidative damage. The conditions which tea are cultivated can favor the assimilation of a heavy
metal content. By storing tea through bulk storage leads to the accumulation of heavy metals,
especially in black tea. There are studies showing the presence of heavy metals in tea samples made by
medicinal plants. For example, Ghazala et al. [90] showed that following a sample collected from a
source with a concentration of 5,804 ppm, he obtained THQ (target risk quotient) over 1,
demonstrating that tea consumption can present a risk to human health due to the exceeded
concentration of toxic heavy metals. Another study by Diaconu et al. [88] showed that in the tea
sample the highest level of heavy metal was iron, between 16.88 £ 0.87 mg / L in Urtica dioica L. A
study by Mahmoud et al. [91] show that a certain brand of black tea contains the digested samples
with the highest amounts of Mn (1128.5 + 77.9 pg/g) Fe (269.0 £ 14.1 ug/g) and Zn (29,6 + 2.0 ug /
g) and in the infused samples Mn (206.1 = 8.1 pug / 100 ml), Fe (3.0 £ 1.16 pg / 100 ml) and Zn (6.2
1.0 pg / 100 mL), which means in the infused samples the quantities of metals are much smaller.
Brima [92] studied the levels of four metals (Al, Pb, As, and Cd) in several herbs: lemongrass
(Cymbopogon), sagebrush (Artemisia), harjal (Cynanchum argel delile), horsetail (Equisetum), and
chestnut lilac (Vitex agnus-castus), and analyzed using inductively coupled plasma mass spectrometry
(ICP-MS). The medicinal plants proved to be a source of exposure to toxic elements.

The use of medicinal plants as components of cosmetics may generate health risks for users. At
present, there is an increase in the attractiveness of cosmetic products that contain active principles
extracted from medicinal plants, being considered safer for human health than those obtained by
synthesis. However, these products are often prepared from self-harvested vegetable ingredients from
the natural environment and can contain heavy metals (most commonly Pb, Cd, Hg, Cr, Ni, Cu) that
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are transferred to cosmetics (shampoos, creams, makeup products). The effect of heavy metals on the
skin or the accumulation in the body after absorption can generate systemic toxic effects, which can be
augmented by the presence of ingredients specific to the respective products [92-94].

4.2. Potential risks for human health

There are several ways for heavy metals to enter in the human body, including dust inhalation, soil
ingestion, dermal contact, and the consumption of plants grown on contaminated soil. Into human
body, heavy metals present an increased risk of cardiovascular, neurological and renal diseases.
Studies show that a major route of exposure to heavy metals is the consumption of contaminated food.
Worldwide, more than 420,000 people die each year after eating contaminated food, and one from ten
people get sick. Consumption of contaminated food can cause more than 200 risks of acute and
chronic diseases, from digestive infections to cancer [95]. Numerous studies have shown that heavy
metals exert dangerous effects on human health, causing cancer, damage to the nervous system, blood
composition [96-98].

The interest in the effects of heavy metals on medicinal plants has increased in recent decades,
articulating the acute need to monitor and analyze the condition of medicinal plants affected by the
presence of heavy metals, in order to avoid health hazards. The risks to human health associated with
the presence of heavy metals in medicinal plants have led to the establishment of safety standards for
herbal remedies that provide for maximum permitted concentrations for some heavy metals in natural
remedies [96].

Despite the fact that there are data on the content of heavy metals in plants in literature studies,
there are no safe limits set by the authorities for all heavy metals. However, as a result of the toxicity
of heavy metals to plants and human health and to ensure the quality of herbal medicines, teas,
nutraceuticals and other herbal preparations, large-scale analyzes of the metal content of medicinal
herbs have been carried out. In addition, the World Health Organization and the US Food and Drug
Administration (FDA) have standardized maximum allowable limits for the concentration of certain
metals (As, Hg, Pb, Cd) in these plants, but not for all metals. Safe limits have been developed for Cd,
Pb and Hg by the European Pharmacopoeia (Ph. Eur), while World Health Organization [99] and Food
and Agriculture Organization [100] have jointly proposed acceptable levels of toxic substances that
can be ingested weekly, the Provisional Tolerable Weekly Intake (PTWI) [96, 30] (Table 6). The
analytical results for heavy metal content in medicinal plants represent an important step to detect
potentially toxic levels for heavy metals that can be dangerous for living organisms. Another important
step is to know the hyperaccumulative medicinal plants, because they can absorb large amounts of
metal ions and thus pose risks to human health. Plants with hyperaccumulative potential can absorb 50,
100 times more metal than normal plants. This phenomenon of hyperaccumulation is intensified if the
environment has high concentrations of heavy metals. To date, 500 species of hyperaccumulating
plants are recognized [30].

Table 6. Safe limit values for metals in medicinal plants established by WHO, FDA
and European Pharmacopoeia (Ph. Eur)

Metal WHO/FDA Ph. Eur. Permissible limit FAO/WHO PTWI
Permissible limit (mg kg?) (mg kg?)
As 10 1 15
Cd 0.3 0.5 7
Hg 1 01 5
Pb 10 5 25

There are some indicators which help in the evaluation of the potential risks due to the commonly
consumed medicinal plants. The average estimated daily intake (EDI) of heavy metals (Al, As, Cd, Cr,
Cu, Fe, Hg, Mn, Ni, Pb, and Zn), which depends on metal concentration in plants and the consumption
degree of the particular plants can be calculated using Eq. (4), suggested by the US EPA [96, 101],
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where EDI is the average daily intake or dose by ingestion (mg/kg body weight/day); C is the heavy
metal concentration in the exposure medium (mg/L or mg/kg); Fir is the daily consumption rate:

EDI =C TR (4)

AB

The target hazard quotient (THQ) (Eqg. 5) characterizes the human health risk posed by heavy
metal exposure, as the ratio of the average EDI resulting from exposure to site media to the reference
dose (RfD) for an individual pathway and chemical [96,101]:

THQ=C><|R><EFXED ©)
BW x AT x RfD

where: C is the heavy metal concentration in the exposure medium (mg/L or mg/kg); IR is the
ingestion rate (L/day, or kg/day); EF is the exposure frequency (days/year); ED is the exposure
duration (years, equivalent to the average lifespan); BW is the body weight in kilogram; AT is the
average time for non-carcinogens (days/year x number of exposure years, assuming e.g. 70 years).
Risk to human health can be assessed by health risk index (HRI), which can be calculated based on
daily intake of the metals through consumption of the herbs (Cn x Dn) and then compared with the
prescribed reference oral dose, where the case [102,103]. This index can be calculated using Eq. (6):

HRI =Y (C, xD,)/RDxB, (6)

n

where C, is the mean metal concentration in herbs on fresh weight basis (mg/kg); Dn is average daily
intake rate of herbs; RfD is the safe level of oral exposure; By is the average body weight (70 kg for
adult). An index under 1.0 is assumed as safe.

5.Conclusions

Our review has shown that medicinal plants play an important role in the pharmaceutical and health
care areas of the 21st century. Although the use of herbs is an old practice, dating back to ancient
times, it still exists worldwide. However, medicinal plants may be a source of exposure to toxic
elements, depending on their origin and nature, in particular creating a risk of exposure to the toxic
action of heavy metals. It should be kept in mind that some heavy metals are important as
micronutrients for the proper functioning of plants, but in high concentrations become toxic.
Moreover, some heavy metals are toxic even at low concentrations.

Increased contamination of the environment with heavy metals inevitably causes contamination of
medicinal plants. They are absorbed from soil and are transported by roots, stem to leaves, which are
the most contaminated parts of plants, frequently used for the extraction of active principles from
plants. The plants also develop specific defense mechanisms, which can change the chemical and
physiological functions of plants, with consequences on their pharmaceutical and health care value.

Our analysis shows that medicinal plants, used as a means of treatment, a component in cosmetics,
beverages etc., must be collected from areas not contaminated with heavy metals. It is therefore
recommended that medicinal plants be checked for heavy metal levels before use for pharmaceutical
purposes.
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