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The use of spices and medicinal plants in human nutrition has been increasing 
recently. They have numerous benefits due to their antioxidant and antimicrobial 
properties, and they are particularly important in the prevention of microbial trans-
mission. Nevertheless, they may also contain environmental pollutants that are 
introduced during manufacturing, processing, and storage. Spices and medicinal 
herbs can become contaminated throughout the manufacturing and packaging 
process, as well as during the cultivation of plant species. The greatest danger 
comes from heavy metals, which enter plants through soil, air, and water. The 
operation of various industrial facilities results in contamination. This paper will dis-
cuss heavy metals, both essential and non-essential, and their effects on human 
health. Copper, zinc, manganese, iron, molybdenum, chromium, and selenium are 
essential, whereas lead, mercury, cadmium, arsenic, aluminum, tin, cobalt, and 
platinum are non-essential. 
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Introduction

People all over the world use herbs and medicinal 
plants on a daily basis every day. Spices are dried parts 
of plants processed into specific forms. They have an-
tioxidant and antimicrobial properties [1, 2]. Apart from 
the fact that spices have many benefits, they may also 
contain various toxic substances from the environment, 
which may be introduced during production and process-
ing, as well as due to storage conditions. Heavy metal 
contamination of spices occurs during crop cultivation 
(as a result of soil composition, current nutrients, and the 
use of mineral fertilizers), as well as during manufacture 
and packing [3-5].

For a long time, people have utilized herbs for thera-
peutic purposes, and information about their application 
has been transmitted from one generation to the next 
[6]. In ancient times, medicinal plants were chosen for 
the treatment of certain diseases and ailments accord-
ing to their morphological properties, i.e. color or shape 
of leaves, flowers that resembled individual human or-
gans or disease symptoms, so plants with heart-shaped 
leaves were used to treat heart diseases, for example 
[7, 8].

The use of medicinal plants in the food, pharmaceuti-
cal, and cosmetic industries has increased as a result 
of historical and technological advancements that have 
made it feasible to identify the chemical make-up of dif-
ferent plant species and, consequently, their therapeutic 
properties. 

Medicinal plants are significant in traditional medicine 
in addition to these sectors [9, 10]. An advantage of natu-
ral medicines over synthetic alternatives is the fact that 
they are widely available through retail channels, includ-
ing physical stores and online platforms. 

However, as herbal products are gaining popularity 
and expanding throughout the world, they are becoming 
a public health concern [11, 12]. Most frequently, the re-
duced quality of herbal products can be attributed to us-
ing products tainted with potentially dangerous materials, 
such as radioactive particles, heavy metals, agrochemi-
cals (pesticides), microbial metabolites (mycotoxins), as 
well as to the misidentification of toxic plant species as 
medicinal herbs, or improper dosage and interactions 
with conventional medications [13, 14]. The greatest 
danger is posed by heavy metals, which may enter the 
plant through soil, air, and water. Most often, land is con-
taminated by air pollution resulting from the operation of 
various industrial plants. Plant species, production and 
processing methods, harvest time, amount and length 
of exposure to contaminants, geography, place of origin, 
and storage all affect the possibility of contamination of 
spices and medicinal plants [15-17].

The aim of this review paper is to present the most 
important essential and non-essential heavy metals that 
can be found in spices and medicinal plants (yarrow, 
rosehip, rosemary, and laurel), the pathways of their en-
try into plant material, as well as the maximum permis-
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sible values that can be found in these herbs according 
to the national and international regulations.

HEAVY METALS IN PLANT MATERIAL
Any metal with relatively high density and high toxic-

ity, even at low concentrations, is referred to as a heavy 
metal. Because of their persistence and propensity to 
accumulate in the environment, heavy metals pose a 
threat to living things. They have a major impact on eco-
systems and are regarded as one of the primary causes 
of environmental contamination. The causes of their 
occurrence can be anthropogenic and natural [18, 19]. 
The cause of environmental pollution with heavy metals 
can be mining, exhaust gases from industries, the use 
of artificial fertilizers, wastewater from sewage, fossil oil 
processing, battery production, exhaust fumes from cars, 
additives for motor fuels based on organic compounds 
with lead (which have been banned for some time), cad-
mium in batteries and carburetors, as well as other hu-
man activities. Natural sources of pollution include the 
presence of parent materials and the influence of topog-
raphy [20, 21].

Heavy-metal-contaminated soil alters physiological 
and biochemical processes, which restricts the growth of 
plants cultivated in such soil. Food output declines as a 
result of this lower annual crop yield. When heavy met-
als enter the body, they can weaken the immune sys-
tem, cause cardiovascular problems, lead to prenatal 
abnormalities, affect neurological and psychosocial be-
havior, induce gastrointestinal cancer, and more. Even 
at low quantities, the heavy metals cadmium, lead, arse-
nic, and mercury are mutagenic and poisonous [22, 23]. 
They enter the human body as a result of eating tainted 
food and vegetables, but breathing in contaminated air 
is also a major contributing factor. Heavy metals may in-
duce many carcinogenic and non-carcinogenic effects in 
the human body. Some can be eliminated by treating the 
underlying cause of the disorder, while others persist in 
the body as a lifelong condition [24, 25].

There are two categories of heavy metals: essential 
and non-essential. The essential ones include copper, 
zinc, manganese, iron, molybdenum, chromium, and 
selenium, and the non-essential ones include lead, mer-
cury, cadmium, arsenic, aluminum, tin, cobalt, platinum, 
and palladium. Essential heavy metals are necessary for 
carrying out biological processes in the body, and their 
absence, reduction, or excessive amounts can lead to 
disorders in the body [26, 27]. Toxicity depends on the 
concentration in the body. Non-essential ones are found 
in the Earth’s biosphere and circulate in nature in various 
oxidation and chemical forms [28]. People can contribute 
to the increase in the concentration of these elements in 
nature through their lifestyle.

Copper (Cu)
Copper is a metal that is utilized extensively in many 

different industries and is crucial to many facets of our 
everyday lives. Because of its excellent electrical con-

ductivity, it is most commonly utilized in the electrical in-
dustry for the manufacture of wires and cables [29, 30]. 
The human body needs copper as an essential mineral 
in order to function properly. It is crucial for the produc-
tion of red blood cells, bone health maintenance, iron 
metabolism, and antioxidant defense, among other func-
tions. The body needs regular copper levels to function 
properly [31]. Since copper is required for the proper 
functioning of numerous enzymes, it is categorized as 
an essential element. In plants, copper plays an impor-
tant role in the photosynthetic and respiratory electron 
transport chains, in ethylene detection, cell wall metabo-
lism, and protection against oxidative stress. Copper de-
ficiency can alter essential functions in plant metabolism. 
It is used in agriculture as an antifungal agent, and it also 
enters the environment through human activities that of-
ten cause pollution. Excess copper is present in certain 
regions and environments, and exposure to such an ele-
ment can be potentially toxic to plants, causing phyto-
toxicity by generating reactive oxygen radicals that dam-
age cells, or by interacting with proteins that impair key 
cellular processes, inactivating enzymes, and disrupting 
protein structure. Plants have a complex network of met-
al transport pathways to appropriately regulate copper 
homeostasis in response to variations in environmental 
copper levels. Such strategies prevent the accumulation 
of the metal in a free reactive form and ensure proper 
delivery of this element to target metalloproteins [32, 33].

Zinc (Zn)
Zinc is a silvery-white metal that is often used in 

various industrial and everyday applications. The best-
known application is in electroplating, where it is used 
to protect other metals from corrosion. It is also used in 
the production of batteries, alloys (such as brass), in the 
construction industry, as a fertilizer additive, and as a 
food additive [34]. Both humans and animals need zinc 
as a trace element. It is essential for numerous enzymat-
ic processes in the body, it supports healthy growth and 
development, moreover, it is involved in the regulation 
of the immune system, keeps skin and hair healthy, and 
contributes to the production of proteins and DNA. Zinc 
is essential for good health, and a lack of it can cause 
a number of issues, including poor immunity, sluggish 
growth, hair loss, skin issues, and vision impairment. 
However, consuming too much zinc can also be harmful 
to your health [35, 36]. Since zinc is required for the ac-
tivity of over 300 enzymes, it is categorized as an essen-
tial element. Zinc participates in the catalytic, regulatory, 
and structural stability maintenance processes of these 
metalloenzymes. Zinc plays a role in both cell division 
and DNA and RNA synthesis [37, 38]. Zinc is considered 
a micronutrient for plants. It plays an important role in 
plant biochemistry and metabolism. It contributes to cel-
lular and physiological activities of plants and promotes 
plant growth, development, and yield [38]. 
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Manganese (Mn)
The grayish-white metal manganese is found in na-

ture as a mineral. There are many allotropic forms of it, 
such as gamma-, beta-, and alpha- manganese. There 
are numerous industrial uses for it. When used as an 
alloy in steelmaking, manganese increases the steel’s 
strength and hardness. Additionally, it is utilized as a 
catalyst in chemical reactions, in the manufacturing of 
fertilizers, paints, varnishes, and batteries [39, 40]. As 
an essential nutrient, manganese is needed for regular 
bodily functions. It has a significant impact on how fats, 
carbohydrates, and amino acids are metabolized. It is 
also necessary for the healthy growth of connective tis-
sues and bones. Long-term excessive manganese expo-
sure is harmful and can result in neurological issues like 
Parkinson's disease [41]. Despite being found in urban 
areas’ air and water, manganese is mostly consumed 
through food (fruits, vegetables, and tea), with less than 
5% of the total quantity consumed being absorbed. Man-
ganese is an important micronutrient for plant growth 
and development, and it maintains metabolic roles within 
plant cells. Mn deficiency leads to serious disturbances 
of plant nutrition in dry and calcareous soils, as well as in 
soils containing large amounts of organic matter, where 
the bioavailability of Mn can fall below the level required 
for normal plant growth. Mn toxicity occurs in acidic 
soils where large amounts of Mn are available. However, 
plants develop mechanisms for strict regulation of Mn 
uptake, transport, and storage [42].

Iron (Fe)
Iron is a metal that is often used in various industrial 

and everyday applications. The best-known application 
is in the production of steel, an alloy of iron and car-
bon. Steel is used in the construction of bridges, build-
ings, vehicles, tools, and numerous other industrial and 
structural materials. Iron is also used in the production 
of electromagnets, electrodes, and many other products 
[43]. It is an essential nutrient for the human body. Iron 
plays a role in the transport of oxygen in the blood as 
a component of hemoglobin. It is also needed for the 
normal functioning of enzymes and metabolism. Its de-
ficiency leads to anemia, which results in fatigue, weak 
immunity, and other symptoms. Excessive iron intake 
can also be harmful to health and is associated with oxi-
dative stress [44]. Iron is the most prevalent transition 
metal found on our planet and is crucial for nearly all 
living organisms. As an essential metal, it plays a vital 
role in all cellular processes, including respiration, redox 
reactions, energy metabolism, DNA synthesis, and gene 
regulation. Additionally, iron and its compounds can be 
found as pollutants in the air, posing risks to health [45]. 
Iron plays an important role in biochemistry and is an 
essential micronutrient for plants and humans. Although 
abundant in the Earth’s crust, it is not usually found in a 
form that is readily available to plants. The processes of 
iron absorption and metabolism are regulated by strict 
regulatory mechanisms, at the transcriptional and post-

transcriptional levels, to avoid the accumulation of iron 
concentrations to toxic excess [46].

Molybdenum (Mo)
Molybdenum is a silvery-white metal that is highly 

soluble and has high hardness. It is used in various in-
dustries. The most significant application is in the pro-
duction of alloys, especially steel and superalloys, where 
it improves the hardness and strength of the material. It 
is also used in electronics, catalysts, and other indus-
trial applications [47]. Molybdenum is a vital nutrient for 
plants, animals, and humans. It is crucial for the body’s 
metabolism, particularly in amino acid synthesis. Typi-
cally, it is regarded as safe for humans and seldom leads 
to toxicity. In minimal quantities, molybdenum is neces-
sary for proper bodily functions. Nevertheless, exposure 
to excessive amounts of molybdenum can result in neg-
ative health consequences [48]. Next to Cu, Mo is the 
least abundant micronutrient found in most plant tissues. 
Molybdenum is used by selected enzymes to carry out 
redox reactions [49]. 

Chromium (Cr)
Chromium is a hard, brittle metal with a silvery-white 

appearance. It is a chemically stable element that re-
mains non-reactive with water or air at ambient tempera-
tures. Nonetheless, when exposed to oxygen, it devel-
ops a thin oxide layer on its surface that safeguards it 
against additional corrosion. This metal is applied across 
multiple industrial sectors. The most famous application 
is in steel production, where chromium is added to im-
prove the strength and corrosion resistance of the mate-
rial. It is also used in the production of alloys, catalysts, 
paints, pigments, electroplating, and the decorative ma-
terials industry [50]. 

Chromium is an essential element for organisms, but 
only in very small quantities. Its main function in the body 
is to participate in carbohydrate metabolism as a cofac-
tor of enzymes that regulate the amount of sugar in the 
blood [51]. High levels of exposure to chromium (VI) can 
be toxic and carcinogenic. Chromium (VI) compounds 
are particularly harmful to the lungs and cause respira-
tory problems such as asthma and lung cancer. Chro-
mium (III) compounds are less toxic and are less easily 
absorbed into the body. The most significant sources of 
chromium in the environment are emissions of chromium 
and its compounds from industrial processes, such as 
the production of iron-chromium master alloys (chromi-
um ferroalloys), chromium-alloyed steels to which nickel 
and molybdenum are usually added, chromium-cobalt 
alloys, electroplating processes for chromium plating of 
metal surfaces, the production of chromium chromate 
salts, and the production of chromium pigments [52-54]. 
Plants growing in soils contaminated with Cr (VI) exhib-
it reduced growth and development, resulting in lower 
agricultural production and quality. Exposure to Cr (VI) 
causes oxidative stress due to the production of free 
radicals that modify morphophysiological and biochemi-
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cal processes at the tissue and cellular levels. However, 
plants can develop extensive cellular and physiological 
defense mechanisms in response to Cr (VI) toxicity to 
ensure their survival [54].

Selenium (Se)
Selenium is a crucial micronutrient for humans, ani-

mals, and certain microorganisms. It serves as a cofac-
tor for key enzymes that help neutralize free radicals and 
safeguard cells against oxidative stress. It is vital for the 
synthesis of selenoproteins, unique proteins that carry 
out various roles in the body, such as regulating immune 
responses and supporting cardiovascular health. Addi-
tionally, it is instrumental in converting thyroid hormones 
into their active forms and upholding proper thyroid func-
tion [55].

Selenium provides a protective benefit against specif-
ic cancer types. It can be found in numerous food sourc-
es, including nuts, seafood, meats, grains, and vegeta-
bles. It is important to consume selenium in moderation, 
as high levels can lead to toxicity. The main source of 
Se in food is plants, but the essentiality of Se for plants 
is controversial. The presence of Se at low doses pro-
tects plants from various abiotic stresses, such as cold, 
drought, desiccation, and metal stress. Selenium-in-
duced oxidative stress and distorted protein structure 
and function are the main causes of Se toxicity in plants 
at high doses [56].

Lead (Pb)
Lead (Pb) is a silvery-gray metal. It occurs in many 

forms throughout the world, making it the most abundant 
trace metal element. Lead is acutely toxic to humans 
when present in large quantities. It accumulates in the 
top 20 cm of soil and is immobile [57]. Lead pollution is 
long-term, and without a systematic approach to soil re-
mediation, high concentrations of lead in the soil will nev-
er return to normal levels. The most common source of 
lead pollution is motor vehicles. In the past, various fuel 
additives containing large amounts of lead were used. 
The form of lead determines how much of it accumulates 
in plants. The inorganic form of lead is difficult to accu-
mulate and transport from the soil to above-ground plant 
organs. Organic lead compounds, unlike inorganic ones, 
accumulate and are transported very quickly in plant tis-
sues. Lead in higher concentrations inhibits the growth 
of roots and leaves and the process of photosynthesis. It 
is a highly toxic metal that has serious negative effects 
on human health. Exposure to lead causes damage to 
the nervous system, decreased cognitive function, re-
productive problems, kidney damage, anemia, and other 
health problems. Children are particularly sensitive to 
lead [58, 59]. Lead pollutes the environment through in-
dustrial exhaust gases, waste, lead battery landfills, and 
other sources. Its pollution negatively affects soil, water, 
flora, and fauna. It is a very dangerous metal due to its 
toxicity, as well as its compounds, especially due to the 
cumulative effect. Although lead also forms tetravalent 

compounds, which are not very stable, its divalent com-
pounds are the most important. Lead and its compounds 
cause one of the most common occupational poisonings, 
called saturnism or plumbism [60, 61]. The uptake of Pb 
by plants affects their metabolic functions, growth, and 
photosynthetic activity. Excessive lead accumulation 
causes reduced root growth.

Mercury (Hg)
Mercury (Hg) is a metal that is naturally present in 

various forms. It can react with sulfur, chlorine, and oxy-
gen to form inorganic mercury compounds or salt. It also 
occurs in organic compounds when combined with car-
bon. It is an important material in the chemical industry 
[62]. Mercury is an environmental pollutant that can ac-
cumulate in fish, animals, and humans, where it persists. 
The toxicity of mercury salts and organometallic mercury 
compounds is influenced by the type of compound, and 
they can be some of the most toxic compounds in na-
ture. Its presence in the environment can be the result 
of industrial activities and the use of fungicides, but also 
some of household waste, such as bleach, battery acid, 
thermometers, barometers, dental fillings (amalgam), 
pesticides, pharmaceutical products (cosmetics, con-
tact lens products, nasal sprays), and detergents [63, 
64]. Mercury builds up in roots twenty times more than 
in tissues above ground. In plants, mercury affects pho-
tosynthesis and oxidative metabolism by interfering with 
electron transport in chloroplasts and mitochondria. It 
also inhibits the activity of aquaporins and reduces water 
uptake in plants [65]. 

Cadmium (Cd) 
Cadmium is a soft, silvery-white metal that conducts 

electricity well. It is used in numerous industrial applica-
tions. Batteries, coatings, alloys, solar cells, electronics, 
paints, and other products used to rely extensively on 
cadmium. However, cadmium's use has been increas-
ingly limited because of its high toxicity. Cadmium is an 
extremely hazardous metal that has detrimental effects 
on human health. Kidneys, lungs, bones, and other or-
gans are harmed by cadmium exposure. It is linked to a 
higher risk of cancer, particularly prostate and lung can-
cer [66].

Landfills, exhaust gases, industrial waste, and other 
sources are some of the ways that cadmium contami-
nates the environment. It builds up in plants, animals, 
water, and soil. It enters the body primarily through the 
gastrointestinal and respiratory systems. Its entry into 
the body is largely prevented by the digestive tract's mu-
cous membrane. Cadmium excretion from the human 
body is comparatively low. Cadmium has a toxic effect 
on a number of key processes of plant growth and de-
velopment, particularly affecting seed germination rate, 
transpiration rate, chlorophyll content, and biomass [67]. 
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Arsenic (As)
The gray, silvery element arsenic (As) can be found 

in a variety of inorganic and organic substances. It can 
be found in nature as an inorganic compound with sulfur, 
and combined with oxygen and chlorine. While organic 
compounds are used as pesticides, usually for cotton 
plants, inorganic arsenic compounds are most frequently 
used to preserve wood. Three categories of arsenic spe-
cies can be distinguished from a biological and toxicolog-
ical perspective: gaseous arsenic, organic arsenic, and 
inorganic arsenic. In partially reducing environments, tri-
valent arsenic predominates [68]. Humans and other liv-
ing things are extremely susceptible to poisoning by ar-
senic. The form in which it is found determines its toxicity. 
The form (inorganic and organic) and oxidation state of 
arsenic are influenced by pH, redox conditions, mineral 
content, and microbial activity. In general, trivalent arse-
nic compounds are more toxic than pentavalent ones, 
and inorganic compounds are more toxic than organic 
ones. Generally speaking, plants have a significantly 
lower arsenic content than soil. Accumulation is higher in 
acidic soils, particularly if pH<5. Additionally, the type of 
soil determines its presence; sandy soils have a higher 
concentration than heavier soils. Plant species differ in 
their arsenic sensitivity and absorption characteristics 
[69, 70]. Arsenic poisoning can be peracute, acute, and 
chronic. It can be local, and entry into the body can occur 
through inhalation and ingestion. The development and 
appearance of symptoms of arsenic poisoning depend 
on the amount ingested, the extent of absorption, metab-
olism, and the method of excretion. Exposure of plants to 
arsenic, even at very low concentrations, causes many 
morphological, physiological, and biochemical changes. 
Different plant species have different absorption, toxicity, 
and detoxification mechanisms [68]. 

Aluminum (Al)
Aluminum is a silvery-white metal that is light, soft, 

yet strong, and extremely resistant to corrosion. It is 
used in many industrial and everyday applications. Its 
lightness, strength, and resistance to corrosion make it 
an ideal material for making aircraft, automobiles, struc-
tures, packaging, electronics, and many other products. 

Aluminum is a relatively safe metal for humans, and 
most people ingest it through food, water, and other 
sources. On the other hand, neurological conditions like 
Alzheimer's disease have been connected to exposure 
to elevated levels of aluminum. It is usually found in 
nature in the form of compounds. Industrial production 
of aluminum results in waste materials that pollute the 
environment [71, 72]. However, aluminum is recyclable, 
which reduces the need for new raw materials and the 
negative impact on the environment. The organs primari-
ly affected by aluminum poisoning include the lungs, ner-
vous system, and bones. In plants, Al has both beneficial 
and toxic effects, depending on factors such as metal 
concentration, chemical form of Al, growth conditions, 
and plant species [72]. 

Tin (Sn)
Tin is a silvery-white metal that is soft and malleable. 

It is used for various industrial and technical purposes. 
The most well-known application of tin is in the produc-
tion of sheet metal, pipes, and other tin-steel products. 
It is also used in the electronics industry for soldering 
electronic components, making solder wire, and molds. 
Tin is a relatively safe metal for humans. Under normal 
exposure conditions, it does not exhibit significant toxic 
effects on human health [73]. However, long-term ex-
posure to high concentrations of tin has a detrimental 
effect can have detrimental effects on fertility and fetal 
development. It naturally occurs in ores, such as tin ox-
ide. Air, water, and soil pollution are among the environ-
mental issues caused by the mining and processing of 
tin. Nonetheless, the environmental impact is deemed to 
be minimal due to the comparatively low usage of tin in 
comparison to other metals.

Tin plays a crucial role in the healthy growth and de-
velopment of bone tissue. It contributes to bone growth 
and maintenance and influences muscle contraction. It 
helps keep the heart and blood vessels functioning prop-
erly, and it is found in traces in the body. It is essential 
for healthy hormone production and thyroid function. Tin 
takes part in enzymatic processes necessary for the 
body's hormone synthesis and regulation. It is crucial for 
preserving the body's normal immune response [74, 75]. 
It participates in the function of immune cells and pro-
cesses that are crucial for the body’s defense against 
infections and diseases. It is present in nerve cells and 
participates in the normal functioning of the nervous sys-
tem. Tin enters the environment through industrial pro-
cesses, mining, weathering, and erosion, and can then 
be absorbed by plants. It accumulates in green vegeta-
bles, but it can also enter the edible parts of plants [75].

Cobalt (Co)
Cobalt is a hard, silvery-white metal with magnetic 

properties. It is stable under normal conditions but sus-
ceptible to oxidation in the presence of air. It is used in a 
variety of industries. The most well-known use of cobalt 
is in the production of superalloys used in the aerospace 
and turbine industries. Cobalt is also used in the produc-
tion of lithium-ion batteries, magnets, paints, ceramics, 
catalysts, and medical implants [76].

The human body requires cobalt as an essential trace 
element in order to function properly. High levels of cobalt 
exposure, however, are harmful and can result in major 
health issues, such as skin reactions, lung diseases, and 
possibly even cancer. It is found in the air, water, and 
soil naturally. Cobalt levels in the environment are raised 
by human activities like mining and industrial production. 
Additionally, cobalt salts and compounds are also harm-
ful to both plants and animals. Animals exposed to CO2+ 
have shown signs of developing cancer. Cobalt's toxicity 
and carcinogenicity are exacerbated by the production 
of cobalt-mediated free radicals [77]. Plants accumulate 
Co mainly in roots due to lower mobility, only in small 
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amounts, while the mobility, distribution, and accumula-
tion capacity of cobalt depend on the target species. The 
absorption and transport of Co ions in plant organs are 
controlled by different mechanisms in different plants 
and by different transporters. Lower Co concentrations 
improve plant growth and yield, improving nitrogen fixa-
tion capacity, nutritional quality, nutrient uptake, antioxi-
dant defense systems, and plant tolerance by improv-
ing and alleviating phytohormone synthesis and abiotic 
stress [76, 77]. 

Platinum (Pt)
Platinum is a lustrous, silvery-white metal. It is one 

of the heaviest metals and one of the rarest elements 
on Earth. It is used in a variety of industries. The most 
well-known application of platinum is in the automotive 
industry, where it is used in emission control catalysts. 
It is also used in jewelry, electronics, chemicals, medi-
cal devices, thermoelectric converters, and many other 
areas [78].

Platinum is considered a very inert metal and has low 
toxicity. In general, platinum is not considered harmful 
to human health. However, some people develop aller-
gic reactions to platinum compounds. It occurs naturally 
in sediments, rivers, and soil. Platinum is released into 
the environment as a result of human activities such as 
mining and industrial production. Nonetheless, platinum 
is thought to have a minimal environmental impact due 
to its high value and limited usage [79]. Platinum has 
a broad range of biological effects and affects different 
parts of the body. It treats a variety of cancers by acting 
as an antitumor medication in chemotherapy. Cell death 
is the result of its inhibition of cell division. It has an im-
pact on bone marrow cell differentiation and proliferation. 
It is mostly eliminated by the kidneys. However, kidney 
damage results from prolonged exposure to platinum. 
The nervous system is poisoned by platinum. It results in 
neurotoxicity, neuropathy, and peripheral neuropathy. It 
has an impact on the synthesis of platelets, white blood 
cells, and red blood cells [79, 80]. Platinum occurs in 
very low concentrations in soil in uncontaminated areas. 
However, the concentration of this element in urban ar-
eas is constantly increasing and represents a threat to 
human health, especially when it is present in particles 
in the air.

Discussion

As previously mentioned in this paper, heavy metals 
are among the major environmental pollutants, therefore, 
they end up in spice and medicinal plants. Several meth-
ods are used to clean the environment from these types 
of pollutants, but most of them are expensive and it is 
difficult to achieve optimal results. Phytoremediation is 
an effective and affordable solution used to extract and 
remove inactive metals and metal pollutants from con-
taminated soil and water. This technology is environmen-
tally friendly and potentially cost-effective [81]. Heavy 

metals also have the potential to accumulate in the hu-
man body through bioaccumulation. The pollution of ter-
restrial and aquatic ecosystems with toxic heavy metals 
causes major environmental problems with significant 
consequences for public health. Heavy metals can be-
come highly toxic when mixed with various environmen-
tal elements, such as water, soil, and air. Humans and 
other living organisms can be exposed to them through 
the food chain. Many experimental studies have been 
conducted to evaluate promising treatment options from 
natural sources. Nanotechnology-based treatment op-
tions are constantly being developed. The use of nano-
technology for the analysis and removal of heavy metals 
from food and water resources offers many advantages 
over traditional methods. These advantages include a 
wide linear range, low limits of detection and quantifica-
tion, high sensitivity and selectivity [82].

Heavy metals also enter aquatic habitats from various 
sources, including household waste, industrial waste, at-
mospheric sources, and electronic waste. Heavy metal 
pollution is responsible for the degeneration of aquatic 
species, the creation of physical abnormalities in organ-
isms, and the contamination of the aquatic environment. 
Heavy metal contamination in water bodies and ecosys-
tems has a significant impact on the food chain. Heavy 
metals also have an impact on the environment, as they 
persist for a long time and have bioaccumulative proper-
ties, leading to deterioration of water quality [81, 82].

Considering that heavy metals can end up in plant 
material, national and international standards have pre-
scribed the maximum permissible concentrations of met-
als in these plants. According to the World Health Orga-
nization [83], the permissible value of Cu in plants is 10 
mg/kg. The permissible value of Zn in plants is 0.60 mg/
kg. Average daily dietary intake for Mn is 2-5 mg/kg, for 
Fe is 10-28 mg/kg, and for Cr is 0.05-0.2 mg/kg [84]. The 
World Health Organization [83] has recommended 50–
55 μg/day Se in the human diet all over the world. Per-
missible Pb level in food is 0.01-3 mg/kg, permissible Hg 
level in food is 0.5-1 mg/kg according to the international 
standards, the permissible limit of Cd in food is 0.05-2 
mg/kg [85]. The permissible limit of As in food is 0.1-0.2 
mg/kg. The normal range for Al in plants is 200-1000 mg/
kg. The normal range of Co in plants is 0.1-10 mg/kg [85].

According to the Regulation on Maximum Permitted 
Quantities of Certain Contaminants in Food [86], the 
maximum permitted amount of Pb in spice samples is 
from 0.60 mg/kg to 2 mg/kg. According to this Regula-
tion from Bosnia and Herzegovina, the maximum permit-
ted amount of Cd in spices is 0.050 mg/kg, for Hg the 
maximum permitted amount is 0.10 mg/kg, and for As 
it is 0.15-0.30 mg/kg. Based on the regulations in na-
tional standards that prescribe the maximum permitted 
amounts of Pb, Cd, Hg, and As in plant materials, it can 
be seen that they are within the permitted amounts pre-
scribed by international standards. For those metals for 
which the maximum permitted amount is not prescribed 
in national standards, the regulations prescribed by in-
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ternational standards are used. 
Alhusban et al. [87] assessed the levels of contami-

nation with toxic metals (Pb, Al, Ni, Cd, and As) in 25 
pharmaceutical herbal products for infants, 15 tradi-
tional herbs in Jordan, and herbal products and herbs 
prescribed by pediatricians. Lead, aluminum, and nickel 
were detected in some of the analyzed samples of phar-
maceutical herbal products and in some samples of tra-
ditional herbs. Neither Cd nor As was detected in any of 
the analyzed samples. The results, when compared with 
the acceptable limits of toxic heavy metals according 
to the World Health Organization standards, generally 
showed acceptable levels of toxic metals in the finished 
pharmaceutical products and traditional herbal medi-
cines for infants. It was found that the daily intake of the 
detected metals via pharmaceutical herbal products was 
lower than the maximum acceptable daily intake set by 
regulatory authorities. Only 8% of the products exceed-
ed the maximum daily intake limit for lead set by the US 
FDA. The obtained results showed that excessive use 
of medicinal herbs as an alternative medicine requires 
caution, taking into account the safety factor in infants.

Kowalska [88] assessed the safety of heavy metals 
in commonly used herbs, spices, and coffee in Poland. 
They determined the levels of heavy metals (Cd, Pb, As, 
and Hg) in 240 samples of plant materials. They also 
assessed the risks (non-carcinogenic and carcinogenic 
risks) using models including the target hazard quotient 
(THQ) and cancer risk (CR). Based on the obtained re-
sults, the element with the highest level of accumulation 
in the analyzed samples was lead (from 0.010 to 5.680 
mg/kg). Among the analyzed heavy metals, the lowest 
concentration was recorded for mercury (from 0.005 to 
0.030 mg/kg). The analyzed samples of herbs and spic-
es contained a significantly higher level of heavy metal 
contamination compared to tea and coffee samples. 
Compared to World Health Organization (WHO) recom-
mendations on permissible limits for the contamination 
of plant raw materials with heavy metals, lead levels ex-
ceeding the limits were recorded in only 24 plant sam-
ples. In all analyzed samples of spices, tea, and coffee, 
no cases of exceeding the limit were recorded for any of 
the analyzed heavy metals. Given that the THQ values 
are ≤1, there is no likelihood of adverse effects associ-
ated with the consumption of the analyzed group of raw 
materials and products of plant origin. The CR value for 
As was lower than the maximum acceptable level pro-
posed by the United States Environmental Protection 
Agency (USEPA).

Hasan Al-Keriawy et al. [89] conducted an environmen-
tal risk assessment of heavy metals in selected medici-
nal herbs and spices. They determined the total concen-
tration of heavy metals and performed a risk assessment 
for ten species of culinary herbs, spices, and medicinal 
herbs available in the local market of Iraq. The average 
concentrations of Cu, Ni, Zn, Pb, Co, As, Cd, Cr, and Hg 
were within the limits permitted by the World Health Or-
ganization. Culinary herbs and spices contained signifi-

cant amounts of Cu˃Ni˃Zn˃Pb˃Co˃As˃Cd˃Cr˃Hg. The 
concentrations of copper, zinc, and nickel were higher in 
all herb samples. The highest total elemental concen-
trations were recorded in the aerial parts of the plants, 
particularly in the leaves of Thymus vulgaris and the bark 
of Cinnamomum verum. The non-carcinogenic risks and 
estimated daily consumption of these herbs were calcu-
lated based on the Target Hazard Quotient (THQ) and 
Hazard Index (HI). THQ values for individual minerals 
were above one, indicating a health risk for nickel for 
Mentha verticillata leaves, for Matricaria chamomilla, as 
well as for other metals Cu, Co, Pb, and Zn, which are 
considered unsafe for human consumption. The average 
hazard index (HI) for the nine metals was >1 for all plants 
except Zingiber officinale, indicating that there are non-
carcinogenic risks from exposure to these nine elements.

Oladeji et al. [90] assessed heavy metals and their 
risks to human health in selected spices from South 
Africa. Food safety concerns are growing in develop-
ing countries such as South Africa due to heavy metal 
contamination. Heavy metal analysis was performed on 
20 spice samples purchased from different registered 
stores. Based on the obtained results, the following con-
centrations were measured: Fe (32.22±1.22-131.1±3.26 
mg/kg), As (ND to 0.12±0.04 mg/kg), Cr (0.08±0.01-
3.2±0.09 mg/kg), Pb (ND-0.21±0.02 mg/kg), and Cd (ND 
to 0.14±0.08 mg/kg). The results showed that the con-
centrations of Cr in all tested spice samples were signifi-
cantly higher than the maximum permissible values. All 
spices in this study had THQ and HI values below one, 
indicating that consumers will not experience potential 
health risks from consuming certain metals through spic-
es. However, continuous monitoring is required.

Ezez et al. [91] conducted an assessment of the bio-
accumulation of heavy metals (Cd, Cr, Cu, Fe, Mn, Pb 
and Zn), assessing the carcinogenic and non-carcino-
genic risks to human health in various spices in Ethiopia. 
The average levels of metals in white cumin, fenugreek, 
black cumin, turmeric, basil, cardamom and coriander 
seeds varied in the range of 0.35-1.70; 1.20-11.96, 1.69-
32.19, 20.74-38.98, 7.38-26.01, 2.96-9.57 and 5.38-
44.63 mg/kg for Cd, Cr, Cu, Fe, Mn, Pb and Zn. The 
target hazard quotient (THQ) and hazard index (except 
for cumin and fenugreek) for heavy metals in different 
spices were lower than the acceptable limit (THQ and 
HI < 1). The carcinogenic risk values were within the ac-
ceptable limits, indicating that consumption of different 
spices in the study area does not pose a potential health 
risk to human health.

Table 1 shows the maximum allowed values of heavy 
metals in spices and medicinal plants in Bosnia and Her-
zegovina and the European Union.
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Table 1. The maximum allowed values of heavy metals in spices and medicinal plants

Conclusion

Considering that the use of spices in human nutrition 
has been increasing in recent years, as well as the use 
of medicinal plants for the treatment of various diseases 
in humans, it is necessary to take into account the area 
(land) from which these plants are taken. Depending on 
the area where they grow, the mentioned plants may 
be contaminated with heavy metals. Special attention 
should be paid if the plants grow near industrial facili-
ties, as a result, excessive amounts of heavy metals may 
enter the environment. Taking into account where herbs 
and medicinal plants grow, as well as determining the 
level of heavy metals after sampling, and then comparing 
the obtained values with the maximum permissible val-
ues prescribed by national and international standards, 
is important for the food and pharmaceutical industries, 
as well as for consumers. Considering all that has been 
stated in this review paper, it is necessary to emphasize 
the need for global vigilance in food safety practices, 
especially in countries with less stringent regulations 
regarding the presence of heavy metals in spices and 
medicinal plants. The measures that are recommended 
include improving agricultural practices, improving soil 
management, and implementing strict post-harvest pro-

cedures to mitigate contamination. 
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U poslednje vrijeme u porastu je upotreba začinskog i lekovitog bilja u ishrani ljudi. 
Ono ima brojne uloge, koje uključuju sprečavanje prenosa mikroorganizama, an-
tioksidativna i antimikrobna svojstva. Međutim, osim što ima mnoge prednosti, onio 
takođe može da sadrži i toksične materije koje dospeva iz okoline tokom proizvod-
nje, prerade i uslova skladištenja. Kontaminacija začinskog i lekovitog bilja dešava 
se tokom uzgoja biljnih vrsta (utiče na sastav zemljišta, prisutne hranljive materije 
i mineralna đubriva), kao i tokom proizvodnje i pakovanja. U najvećoj meri opas-
nost predstavljaju teški metali, koji do biljaka dospijevaju putem zemljišta, vazduha i 
vode. Do kontaminacije dolazi kao posljedica rada različitih industrijskih postrojenja. 
U ovom radu predstavljeni su teški metali (esencijalni i neesencijalni). U esencijalne 
spadaju bakar, cink, mangan, gvožđe, molibden, hrom i selen, a u neesencijalne 
olovo, živa, kadmijum, arsen, aluminijum, kalaj, kobalt i platina.
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