
1© Springer Nature Switzerland AG 2020
M. Faisal et al. (eds.), Cellular and Molecular Phytotoxicity of Heavy Metals, 
Nanotechnology in the Life Sciences, 
https://doi.org/10.1007/978-3-030-45975-8_1

Heavy Metals: Definition, Toxicity, 
and Uptake in Plants

Cristina Buzea and Ivan Pacheco

Contents

1  Introduction�   1
2  What Are Heavy Metals?�   2

2.1  Heavy Metal Definition�   2
2.2  Negative Connotation Associated with “Heavy Metals”�   3
2.3  Controversy Surrounding the Terminology of “Heavy Metals”�   4

3  Biologically Significant Chemical Properties of Heavy Metals�   6
4  Toxicity of Heavy Metals to Humans and Animals�   7
5  Heavy Metal Availability in Soils�   8
6  Transfer Factor of Heavy Metals from Soil to Plants�   12
7  Genotypic Variations in the Accumulation of Heavy Metals�   12
8  Relative Toxicity of Heavy Metals in Plants�   15
9  Conclusions�   15
References�   15

1  �Introduction

The industrialization and urbanization during the last century have resulted in 
increasing accumulation of heavy metals in soils, water, and air, with subsequent 
uptake of heavy metals by crops. The consumption of increasing amounts of heavy 
metals from crops poses an important health risk to animals and humans. While 
several metals are essential for life, some heavy metals and their compounds are 
having deleterious health effects.
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2  �What Are Heavy Metals?

2.1  �Heavy Metal Definition

During the years, the inconsistent use of “heavy metal” terminology has led to con-
fusions about the meaning of this term. Therefore, before using it one should com-
prehensively define it. Before going into more details on the definition of “heavy 
metals,” let us have a look at the definition of “metals,” “metalloids,” “essential 
metals,” and “micronutrients.”

A “metal” is a material that conducts electricity, is malleable and ductile, has a 
metallic luster, and forms cations and oxides (Ali and Khan 2018). Having a look at 
the periodic table of elements, most of the elements are classified as metals. One 
should also specify the particular conditions for the existence of an element as a 
metal, such as room temperature and normal pressure. Otherwise, the category of 
“metals” would include elements that are nonmetal at normal pressure and room 
temperature but become metallic at higher pressures or at low temperatures (Buzea 
and Robbie 2005). In addition, the term “metal” is also used by scientists to refer to 
both the chemical element and its compounds, sometimes without differentiating 
between the two (Duffus 2002).

A “metalloid” or a semimetal is an element with properties intermediate between 
those of typical metals and nonmetals. Metalloids behave chemically like a non-
metal, being electrical insulators at room temperature, and they acquire metallic 
behavior either after heating, when in small amounts, or when other atoms are inter-
calated within their structure. Goldsmith reviews most mentioned metalloids as 
being B, Si, As, Ge, Sb, and Te (Goldsmith 1982). Vernon’s list of metalloids 
includes B, Si, Ge, As, Se, Sb, Te, Po, and At (Vernon 2013). Vernon defined a met-
alloid as an element with an electronic band structure of a semiconductor or a semi-
metal, a medium value of first ionization potential (between 750 and 1000 kJ/mol), 
and a medium electronegativity value (between 1.9 and 2.2) (Vernon 2013).

An “essential metal” is a metal necessary for a complete life cycle of a living 
organism (Duffus 2002). When in insufficient amounts, it results in deficiency 
symptoms. The term refers to both the metal and its compounds.

Another term, mostly used in life sciences, is micronutrient, which is an element 
with essential functions in plant cells (Appenroth 2010a). Among these are cobalt, 
copper, iron, manganese, molybdenum, nickel, and zinc. When the concentration of 
these micronutrients inside a plant exceeds specific thresholds they become toxic.

The earliest usage of the term” heavy metals” seems to belong to a 1936 book of 
Niels Bjerrum—Inorganic Chemistry third Danish edition (Bjerrum 1936; Foster 
1936; Ali and Khan 2018). Bjerrum defined heavy metals as metals with a density 
higher than 7 g/cm3 (Ali and Khan 2018). In the following years Bjerrum’s defini-
tion was changed by modifying the minimum density of a metal that would qualify 
as a “heavy metal.” This limit varied along the years from 3.5 g/cm3 up to 6 g/cm3 
(Duffus 2002, 2003). To this day there is no consensus to what the minimum density 
of a “heavy metal” should be.
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As time passed, scientists realized that the density of an element does not dictate 
its reactivity, and perhaps one needs more criteria for defining a “heavy metal.” 
Consequently, another criterion was introduced—the atomic weight of an element 
(Duffus 2003). While some authors consider “heavy metals” having atomic weights 
larger than 23 (starting with magnesium), most authors consider atomic weights 
exceeding 40 (starting with scandium). If scandium is considered a “heavy metal” 
under the atomic weight criterion, its density of only 3 g/cm3 does not qualify it as 
a “heavy metal” under the density criterion.

The atomic number is another criterion for “heavy metal” classification (Duffus 
2002). Within this regard, there is more consistency with various authors agreeing 
upon the rule of atomic numbers higher than 20 (or higher than Ca). However, met-
als with atomic number higher than 20 include essential metals that are necessary 
for the life cycle of an organism, such as Mg and K (Duffus 2002). Abiding by the 
atomic number criterion, some authors include within the “heavy metals” category 
the metalloids As and Te, and the nonmetal Se (Ali and Khan 2018; Duffus 2002).

Currently, the term “heavy metal” describes metals and metalloids with a high 
density, the minimum threshold value differing from author to author (Duffus 2002; 
Ali and Khan 2018). The elements that are usually considered “heavy metals” are 
shown in Fig. 1, comprising transition metals (middle), rare earth metals (bottom), 
and lead-group elements (right side) (Appenroth 2010b). Some authors suggest that 
“heavy metals” should be defined as naturally occurring metals with an atomic 
number Z larger than 20 and density above 5 g/cm3 (Ali and Khan 2018). This defi-
nition would encompass 51 elements, as depicted in Fig. 2.

2.2  �Negative Connotation Associated with “Heavy Metals”

Broadly speaking, scientific literature uses the terminology “heavy metals” as a 
negative connotation, in association to environmental contamination and pollution, 
eco-toxicity, and adverse health effects (Duffus 2002; Ali and Khan 2018; Zaidi 
et al. 2012; Zhou et al. 2016). The term is often used in ecotoxicology, environmen-
tal chemistry, medicine, and legislation publications, sometimes without specifying 
which elements encompass “heavy metals” (Tchounwou et al. 2012; Mustafa and 
Komatsu 2016; Zwolak et al. 2019). Occasionally, the generic term of “heavy met-
als” has been used for toxic elements, such as Cd, Hg, and Pb, and other times for 
elements that are not necessarily metals nor very heavy or dense, such as As and Se 
(Duffus 2002). Other times, publications will include light elements as heavy met-
als, such as Cs, Sr, and Ba (Ali and Khan 2018). For example, Ba is an alkaline earth 
metal with a density of only 3.62 g/cm3.

One must emphasize that the general assumption that all “heavy metals” are 
toxic is not supported by scientific evidence. The elements that are under the 
umbrella of “heavy metals” terminology have different physicochemical, biologi-
cal, and toxicological properties (Duffus 2002).

Heavy Metals: Definition, Toxicity, and Uptake in Plants
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2.3  �Controversy Surrounding the Terminology 
of “Heavy Metals”

Duffus suggests that we should give up the term “heavy metals” in favor of a new 
classification based on the periodic table that reflects toxic effects and can predict 
them (Duffus 2002).

One counterargument against this idea is that we cannot possibly group the ele-
ments in the periodic table based on their toxic effects, not even based on their 
physicochemical characteristics. Are we considering the elements of the periodic 
table in bulk form or ionic form, or as microparticles or nanoparticles? Recent toxi-
cological studies reveal the fact that materials believed to be nontoxic in bulk form 
have high toxicities when in nanoform (Buzea et al. 2007). Even when talking about 
the same element in ionic form, or as a nanoparticle, its toxicity depends on the 
chemical corona and its interaction with the biological fluids within an organism. In 
addition, the same element but in different oxidation states can be either toxic or 
beneficial for health, like the example of cerium oxides (Pacheco and Buzea 2018).

Moreover, the physicochemical properties of the same element in bulk form can 
differ essentially from its counterpart in nanoform (Buzea and Pacheco 2017). For 

Fig. 1  Schematics showing heavy metals within the periodic table of elements according to 
Appenroth (reprinted by permission from Springer Nature, Acta Physiologiae Plantarum, “What 
are heavy metals in Plant Sciences?”, vol. 32, pp.  615, Appenroth, K.-J., Copyright (2010) 
(Appenroth 2010b))
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Fig. 2  Image depicting selection of heavy metals and metalloids from the elements of the periodic 
table as proposed by Ali and Khan (reprinted by permission from Springer Nature: Toxicological 
& Environmental Chemistry, “What are heavy metals? Long-standing controversy over the scien-
tific use of the term ‘heavy metals’—proposal of a comprehensive definition”, Ali H. and Khan E., 
vol. 100, pp. 6–19, Copyright (2018))
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example, certain metals nonmagnetic in bulk exhibit magnetic behavior in nano-
form, among them being Au, Pt, and Pd (Buzea and Pacheco 2017).

Given the fact that the chemical elements and their compounds under the 
umbrella term of “heavy metals” have no common toxicity denominator and are 
selected according to criteria abiding by arbitrary numbers, i.e., the minimum 
atomic number or elemental density, one should always specify what we call “heavy 
metals.” The meaning of the term “heavy metal” implies that it has a high density; 
however this physical property is irrelevant in the context of their interaction with 
plants and organisms (Appenroth 2010a). Moreover, because the term of “heavy 
metals” includes the metals together with their compounds, one must also underline 
that as soon as a metal forms a compound, its physical and chemical proper-
ties change.

This group of elements termed as heavy metals do not have the same toxicity to 
organisms, some of them being essential metals necessary for life. There is no cor-
relation between the density of a metal or metal compound and its toxicity to organ-
isms (Appenroth 2010a). The presence in the soil of some metals with a moderate 
to high atomic number (Cu, Zn, Ni, Pb) can prevent the growth of plants with the 
exception of a few tolerant species. Hence, the usage of a general term, such as 
“heavy metals,” can be seen as justified for the sake of brevity.

3  �Biologically Significant Chemical Properties 
of Heavy Metals

When speaking about metal toxicity one must take into account their chemical spe-
ciation, their biological uptake selectivity, and their biologically significant chemi-
cal properties (Duffus 2002). Based on the last electron subshell in the atom to be 
occupied, metals can be classified as s-block, p-block, d-block, and f-block (Duffus 
2002). The s-block metals, such as alkali, form weak complexes acting as electro-
lytes, while alkaline earth metals are more stable and act as structure promoters and 
enzyme activators (Duffus 2002). Within the p-block, the higher atomic number 
metals bind to sulfur, resulting in toxicity. The d-block metals have a wide redox 
behavior and number of complexes, acting as enzyme catalysts. Within the f-block, 
comprised of lanthanides and actinides, some metals may act as pollutants.

An important property of a metal ion is its ability to form complexes (Appenroth 
2010a). Metals and metalloids are classified in three classes, as class A elements, 
borderline elements, and class B elements. Hence, the elements that we call “heavy 
metals” will be divided as:

•	 Hard acceptors or class A elements: Al3+, Ga3+, Sc3+, Y3+; interact with oxygen-
containing ligands.

•	 Borderline elements: Ga3+, In3+, Sn4+, Pb2+, As3+, Sb3+, Ti2+, V2+, Mn2+, Fe2+, Fe3+, 
Co2+, Ni2+, Cu2+, Zn2+, Cd2+.
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•	 Soft acceptors or class B elements: Tl+, Tl3+, Pb4+, Bi3+, Pd2+, Pt2+, Cu+, Ag+, Au+, 
Hg2+. Some of class B ions have high toxicity (Ag+, Tl+, Hg2+, Cd2+) and form 
bonds with sulfur- and nitrogen-containing ligands.

4  �Toxicity of Heavy Metals to Humans and Animals

The most commonly environmentally available heavy metals are As, Cd, Cr, Cu, Pb, 
Ni, and Zn.

Some heavy metals in low concentrations are essential for biochemical and phys-
iological processes within living organisms; however they may become toxic when 
in higher concentrations (Jaishankar et al. 2014).

One must emphasize that several heavy metals are extremely toxic even at low 
levels of exposure (Tchounwou et al. 2012). These systemic toxicants are arsenic, 
cadmium, chromium, lead, and mercury, and can induce multiple-organ damage.

Below we show toxicity effects associated with some of these elements and their 
compounds, in alphabetical order. Table 1 summarizes the heavy elements and their 
compounds, their target organs and manifestation, and carcinogenicity in rats and 
humans (Borm et al. 2004; Kusaka et al. 2001; Guha et al. 2017).

Arsenic: Arsenic, a very abundant element on earth, actually a semimetal but 
still considered a heavy metal, is toxic and carcinogenic. It affects cell respiration, 
cell enzymes, and mitosis (Jaishankar et al. 2014).

Lead: High levels of lead are associated to a myriad of health effects, including 
reproductive toxicity, developmental effects, neurotoxicity, renal dysfunction, low-
ered immune response, endocrine dysfunction, and hematological effects (Gidlow 
2015). Table 2 shows a list of these health effects in males and females.

Mercury: Mercury in the form of a simple element, inorganic salts, and organic 
compounds has different levels of toxicity. Mercury compounds can be found as 
water contaminants. Mercury is neurotoxic and is involved in mitochondrial dam-
age and lipid peroxidation. It can also affect kidneys and muscles.

Cadmium: Cadmium is very toxic among heavy metals, causing hepatotoxicity 
and nephrotoxicity (Jaishankar et al. 2014).

Chromium: Chromium in both its trivalent Cr+3 and hexavalent Cr+6 states is 
toxic to organisms, including animals, humans, and plants (Jaishankar et al. 2014). 
It leads to oxidative stress, DNA, and protein damage.

Iron: Iron, the second most abundant metal in earth’s crust, is essential for the 
existence of all organisms. However, iron can damage DNA, mitochondria, and 
other organelles as a result of free radical production (Jaishankar et al. 2014).

Heavy Metals: Definition, Toxicity, and Uptake in Plants
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5  �Heavy Metal Availability in Soils

Anthropogenic activities have been identified as sources of heavy metal pollution. 
These include mining, paper mills, cement factory, and metallurgic activities for soil 
contamination with metals like copper, zinc, lead, and cadmium (Zhang et al. 2009; 
Cobb et al. 2000). In addition, studies show that vegetables irrigated with wastewa-
ter contain a substantial increase of heavy metals, like manganese, iron, copper, and 
zinc (Arora et al. 2008; Antisari et al. 2015), and chromium, cadmium, nickel, and 
lead (Ghosh et al. 2012).

Figure 3 shows a schematic comprising environmental availability of heavy met-
als within soil, followed by the biological uptake of heavy metals, with subsequent 
accumulation and toxicity within living systems (Kim et al. 2015), (Harmsen 2007). 
The amount of heavy metals which is environmentally available within the soil 
comprises the fraction dissolved in the pore water together with the amount already 

Table 1  Occupational exposure particles and their carcinogenicity according to several sources: 
the International Agency for Research on Cancer (IARC) http://monographs.iarc.fr/ENG/
Classification/, Borm P. J. A. et al., Inhaled particles and lung cancer, part B: Paradigms and risk 
assessment, International Journal of Cancer, vol. 110 (2004) pp.  3–14, Copyright (2004) with 
permission from John Wiley & Sons, Inc. (Borm et al. 2004); Kusaka Y. et al., Metal-induced lung 
disease: lessons from Japan’s experience, Journal of Occupational Health vol. 43 (2001) pp. 1–23, 
under a Creative Commons Attribution (CC-BY) License (Kusaka et al. 2001; Guha et al. 2017)

Material and 
compounds

Target organs or 
manifestation Exposure

Carcinogen 
in rats

Carcinogen 
in humans

Air pollution Lung, bladder cancer Outdoor air pollution Yes Yes
Cd Cancer of lung, kidney, 

prostate
Metal industry Yes Yes

Cr(VI) Lung, nose, sinuses, 
cancer

Metal industry Yes Yes

Co Pulmonary fibrosis, lung 
cancer, DNA damage

Mining, coloring 
agents, magnetic alloys, 
industrial and military 
application

Possibly

Fe Cancer of the lung
Pneumoconiosis

Steel
Pigments, diagnosis

Yes Yes

Pb Systemic intoxication 
(blood and central 
nervous system)

Mining, leaded 
gasoline, paints, 
industry

Probably

Mn Systemic intoxication, 
neurological diseases

Welding, metal industry Yes

Ni Lung and nasal cancer Mining, milling, 
smelting, refining

Yes Yes

Ti Pneumoconiosis, lung 
cancer

Pigments, cosmetics, 
sunscreen agents

Yes Possibly

V Asthmatic bronchitis Mining, refining, 
alloys, chemical 
industry

Yes Possibly

C. Buzea and I. Pacheco
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Table 2  Possible health effects associated with various lead (Pb) levels in blood in humans (table 
taken from Gidlow D. A, Lead toxicity. Occupational medicine (Oxford, England), 2015, vol. 65, 
pp. 348–356, by permission of Oxford University Press (Gidlow 2015))

Blood levels 
(μg) Males Females

<5 Nil Nil
5–10 Possible hypertension and kidney 

dysfunction
Possible hypertension and kidney 
dysfunction
Possible spontaneous abortion

11–20 Possible hypertension and kidney 
dysfunction
Possible subclinical neurocognitive 
deficits

Possible hypertension and kidney 
dysfunction
Possible subclinical neurocognitive 
deficits
Reduced birth weight
Possible postnatal developmental delay

21–29 Hypertension and kidney dysfunction
Possible subclinical neurocognitive 
deficits

Hypertension and kidney dysfunction
Possible subclinical neurocognitive 
deficits
Possible spontaneous abortion
Reduced birth weight
Possible postnatal developmental delay

30–39 Hypertension and kidney dysfunction
Possible neurocognitive deficits

Hypertension and kidney dysfunction
Possible neurocognitive deficits
Spontaneous abortion
Reduced birth weight
Possible postnatal developmental delay

40–79 Hypertension and kidney dysfunction
Subclinical peripheral neuropathy
Neurocognitive deficits
Anemia
Sperm abnormalities
Colic
Possible gout

Hypertension and kidney dysfunction
Subclinical peripheral neuropathy
Neurocognitive deficits
Anemia
Colic
Possible gout
Spontaneous abortion
Reduced birth weight
Possible postnatal developmental delay

80+ Hypertension
Nephropathy
Peripheral neuropathy
Neurocognitive deficits
Anemia
Sperm abnormalities
Colic
Gout
Encephalopathy

Hypertension
Nephropathy
Peripheral neuropathy
Neurocognitive deficits
Anemia
Colic
Gout
Encephalopathy
Spontaneous abortion
Reduced birth weight
Possible postnatal developmental delay

Heavy Metals: Definition, Toxicity, and Uptake in Plants
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adsorbed within the soil particles (Kim et al. 2015). The uptake amount of heavy 
metals from the soil is not a fixed fraction, but should be regarded as a function of 
the exposure time. The heavy metals potentially available for uptake have various 
desorption kinetics, depending on their chemistry as well as the soil properties, such 
as pH and texture.

Table 3 shows the most frequent species of metal ions dissolved within the pore 
water of agricultural and forest soil. The complexes of heavy metals with inorganic 
anions like Cl−, OH−, and HCO3− in soils with intermediate to alkaline pH are 
generally believed to foster bioavailability in plants. The fraction of environmen-
tally bioavailable heavy metals is the fraction that is dissolved in the pore water and 
can suffer uptake by plant roots. This depends on metal chemistry and plant physiol-
ogy and can differ among plant species (Kim et al. 2015). High metal ion concentra-
tion in pore water can lead to predominantly passive uptake, while lower metal ion 
concentrations suffer a metabolic active uptake (Kim et al. 2015). The type of metal 
also dictates the type of uptake: Cd, Cr(III), Ni, and Pb suffer mainly a passive 
uptake, while the uptake of essential plant nutrients, such as Cu and Zn, may be via 
an active or both passive and active uptake (Kim et al. 2015).

Fig. 3  Schematics depicting the concept of heavy metal bioavailability in plants from soils. The 
thickness of the arrows correlates with the importance in affecting bioavailability (image reprinted 
by permission from Springer, Environmental Geochemistry and Health, Bioavailability of heavy 
metals in soils: definitions and practical implementation—a critical review, Kim et al. (2015))

C. Buzea and I. Pacheco
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The soil physicochemical properties are a decisive factor in the heavy metal con-
centration in soils available for plant uptake. Metal solubility in soil is dictated by 
the pH value and the percentage of clay in the soil (Golia et al. 2008).

Table 3  Regular concentrations of heavy metal ions dissolved in the pore water for low or non-
contaminated acidic forest soil and agricultural soils

Pore water concentrations Species
Acidic forest 
soil (μg/L)

Agricultural soil 
(μg/L)

Very strong acidic to 
moderately acidic soils

Slightly acidic to 
alkaline soils

Cd 1–25 <0.1–3 Cd2+, CdSO4
0, CdCl+ Cd2+, CdSO4

0, CdCl+

Cr 2–20 <1–15 Cr3+, CrSO4
+, Cr-DOC Cr-DOC, CrCO3

+, 
Cr(CO3)2

−, Cr(CO3)3
3−

Ni 5–30 1–30 Ni2+, NiSO4
0, Ni-DOC NiCO3

0, NiHCO3
+, 

NiB(OH) 4+

Cu 1–50 3–60 Cu-DOC, Cu2+, CuSO4
0 Cu-DOC, CuCO3

0, 
CuB(OH)4

+

Pb 2–100 <1–50 Pb2+, Pb-DOC, PbSO4
0 PbCO3

0, PbHCO3
+, Pb(CO3)22−

Zn 80–2000 10–400 Zn2+, ZnSO4
0 ZnHCO3

+, Zn2+, 
ZnSO4

0, ZnCO3
0

DOC dissolved organic carbon
Reprinted by permission from Springer, Environmental Geochemistry and Health, Bioavailability 
of heavy metals in soils: definitions and practical implementation—a critical review, Kim 
et al. (2015)

Table 4  Transfer factors of heavy metals from soil to plants in contaminated soils, concentration 
range in mature leaf tissue, safety limits in foodstuff. DW dry weight, FW fresh weight (reprinted 
by permission from Springer, Environmental Geochemistry and Health, Bioavailability of heavy 
metals in soils: definitions and practical implementation—a critical review, Kim et al. (2015))

Transfer 
factor

Concentration range (mg/kg 
DW) Safety limit (mg/kg FW)

Deficient Normal Toxic
Leaf 
vegetables

Stem/root 
vegetables Rice

Cd 1–10 – 0.05–
0.2

>5–10 0.2 0.1 0.2

Zn 1–10 <10–25 25–150 >150–
400

– – –

Ni 0.1–1 – 0.1–5 >20–30 – – –
Cu 0.1–1 <2–5 5–20 >20–100 – –
Cr 0.01–0.1 – 0.1–0.5 >1–2 – – –
Pb 0.01–0.1 – 1–5 >10–20 0.3 0.1 0.2

Heavy Metals: Definition, Toxicity, and Uptake in Plants
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6  �Transfer Factor of Heavy Metals from Soil to Plants

The transfer factor of heavy metals is a measure that predicts the amount of heavy 
metals accumulated within plants from soils. The transfer factor depends on the 
type of plant, the type of soil, and the type of heavy metal. For example, leafy veg-
etables have a higher accumulation of metals compared to root vegetables which 
have a moderate uptake, while legumes have the lowest accumulation (Alexander 
et al. 2006). The transfer factor of metals increases from Pb and Cr to Ni and Cu, 
with the highest being for Cd and Zn (Kim et al. 2015). Table 4 shows usual metal 
transfer factors from soil to plants, concentration ranges in plant leaves, safety lim-
its, and trigger values for adverse effects for arable soils for a series of metals: Cd, 
Cu, Cr, Ni, Pb, and Zn (Kim et al. 2015).

7  �Genotypic Variations in the Accumulation of Heavy Metals

The uptake concentration of heavy metals in plants is a function of plant species, the 
variety type within the same species, and the location in plant tissue (Alexander 
et  al. 2006; Zwolak et  al. 2019; Pajević et  al. 2018; Nikolić et  al. 2014; Zhou 
et al. 2016).

An experiment involving various cultivars of several vegetables grown in control 
soil and in soil with higher amounts of Cd, Cu, Pb, and Zn shows various uptake of 
heavy metals for different plant species, and even within the same species for differ-
ent cultivars (Alexander et  al. 2006). The results are summarized in Table  5 
(Alexander et al. 2006). Various cultivars of the same vegetable show differences in 
the amount and type of heavy metals accumulated. For example, Amsterdam carrots 
accumulate higher concentrations of Cd, Cu, and Zn than Ingot carrots, while the 
opposite happens for Pb. When comparing one vegetable to another, the legumes 
have the least accumulation of metals, root vegetables have a moderate accumula-
tion while leafy vegetables have uptake of the highest concentrations of heavy met-
als (Alexander et al. 2006).

Adults and children might have an increased health risk due to exposure to heavy 
metals from consumption of vegetables grown on contaminated farmland. Vegetables 
grown on farmland contaminated with Pb, Cd, Cu, Zn, and As show different uptake 
of heavy metals (Zhou et al. 2016). The concentration of heavy metals was found to 
be the highest for leafy vegetables, and decreased for stalk/root/solanaceous vegeta-
bles, with the lowest concentrations for legumes/melon vegetables (Zhou et  al. 
2016). Table 6 shows the concentrations of heavy metals in vegetable edible parts 
grown in Shizhuyuan area, China, the National Standard value which is the toler-
ance limit of contaminants in foods in China according to the China National 
Standards (GB 2762-2012) (Zhou et al. 2016). Data includes mean ± standard error 
of three replicates.

C. Buzea and I. Pacheco



13

Ta
bl

e 
5 

M
ea

n 
m

et
al

 c
on

ce
nt

ra
tio

n 
in

 v
eg

et
ab

le
 g

ro
w

n 
in

 c
on

tr
ol

 a
nd

 h
ea

vy
 m

et
al

-t
re

at
ed

 s
oi

l i
n 

th
e 

U
K

. T
he

 E
S-

E
ur

op
ea

n 
St

an
da

rd
s 

va
lu

es
 a

re
 ta

ke
n 

fr
om

 
re

fe
re

nc
e 

Z
w

ol
ak

 e
t a

l. 
(2

01
9)

).
 T

ab
le

 a
da

pt
ed

 fr
om

 E
nv

ir
on

m
en

ta
l P

ol
lu

tio
n,

 V
ol

. 1
44

, A
le

xa
nd

er
 P

. D
. e

t a
l.,

 “
G

en
ot

yp
ic

 v
ar

ia
tio

ns
 in

 th
e 

ac
cu

m
ul

at
io

n 
of

 C
d,

 
C

u,
 P

b 
an

d 
Z

n 
ex

hi
bi

te
d 

by
 s

ix
 c

om
m

on
ly

 g
ro

w
n 

ve
ge

ta
bl

es
”,

 p
p.

 7
36

–7
45

, C
op

yr
ig

ht
 (

20
06

),
 w

ith
 p

er
m

is
si

on
 f

ro
m

 E
ls

ev
ie

r 
(A

le
xa

nd
er

 e
t a

l. 
20

06
)

V
eg

et
ab

le
 s

pe
ci

es
V

eg
et

ab
le

 c
ul

tiv
ar

C
ad

m
iu

m
C

op
pe

r
L

ea
d

Z
in

c
T

re
at

ed
C

on
tr

ol
T

re
at

ed
C

on
tr

ol
T

re
at

ed
C

on
tr

ol
T

re
at

ed
C

on
tr

ol

C
ar

ro
t

A
m

st
er

da
m

2.
52

1
0.

06
8

5.
77

2.
78

6.
31

0.
34

52
.5

9
19

.6
8

N
an

te
s

1.
81

2
0.

05
4

4.
43

2.
42

5.
01

0.
17

42
.5

4
19

.0
2

In
go

t
2.

29
8

0.
07

4
4.

43
2.

81
7.

23
0.

42
33

.3
8

18
.4

3
E

ur
op

ea
n 

St
an

da
rd

s
0.

1
–

0.
1

–

Sp
in

ac
h

B
lo

om
sd

al
e

4.
24

0.
36

9.
01

6.
29

1.
74

0.
62

33
4.

9
24

6.
7

G
ro

da
ne

6.
94

0.
45

10
.0

8
6.

44
1.

78
0.

69
38

0.
2

20
9

M
ed

ia
na

6.
48

0.
33

8.
97

7.
31

2
0.

51
34

3.
2

25
6

E
ur

op
ea

n 
St

an
da

rd
s

0.
3

–
0.

3
–

Pe
a

D
ou

ce
 P

0.
42

82
0.

10
54

5.
16

3
4.

11
7

1.
39

9
0.

41
2

47
.4

9
32

.3
6

Fe
lth

am
0.

26
15

0.
10

55
5.

72
7

4.
18

9
0.

54
7

0.
32

2
47

.8
36

.8
3

Fo
rt

un
e

0.
33

55
0.

14
41

6.
61

7
4.

57
2

0.
73

1
0.

69
2

54
.2

7
36

.6
8

E
ur

op
ea

n 
St

an
da

rd
s

0.
05

–
0.

2
–

O
ni

on
B

uf
fa

lo
4.

02
29

0.
19

28
2.

37
4

2.
30

7
6.

48
6

1.
68

9
50

.4
5

23
.7

5
E

xp
re

ss
3.

55
66

0.
22

37
3.

07
8

2.
75

5
8.

74
5

1.
21

6
60

.9
4

32
.2

8
K

ee
pw

el
l

3.
34

98
0.

11
07

2.
87

8
2.

34
2

6.
51

9
1.

12
5

66
.9

7
16

.2
5

E
ur

op
ea

n 
St

an
da

rd
s

0.
2

–
0.

3
–

L
et

tu
ce

C
or

sa
ir

9.
03

3
0.

14
4

12
.5

5
5.

67
11

.7
3

0.
06

16
0.

69
51

.2
4

L
itt

le
 g

em
8.

17
3

0.
23

3
9.

97
7.

07
19

.6
8

2.
9

17
2.

17
70

.5
9

L
ob

jo
its

9.
08

3
0.

08
4

8.
1

5.
35

12
.9

5
1.

02
16

3.
88

58
.1

5
E

ur
op

ea
n 

St
an

da
rd

s
0.

3
–

0.
3

–



14

Ta
bl

e 
6 

C
on

ce
nt

ra
tio

ns
 o

f h
ea

vy
 m

et
al

s 
in

 v
eg

et
ab

le
s 

gr
ow

n 
in

 C
hi

na
 (r

ep
ro

du
ce

d 
fr

om
 Z

ho
u 

H
. e

t a
l. 

20
16

. I
nt

er
na

tio
na

l J
ou

rn
al

 o
f E

nv
ir

on
m

en
ta

l R
es

ea
rc

h 
an

d 
Pu

bl
ic

 H
ea

lth
, 1

3,
 2

89
 (

C
C

-B
Y

 4
.0

) 
(Z

ho
u 

et
 a

l. 
20

16
))

V
eg

et
ab

le
 s

pe
ci

es
Pb

 (
m

g/
kg

)
C

d 
(m

g/
kg

)
C

u 
(m

g/
kg

)
Z

n 
(m

g/
kg

)
A

s 
(m

g/
kg

)

R
oo

t (
n 

=
 3

)
W

hi
te

 r
ad

is
h

0.
27

0 
±

 0
.0

57
0.

01
1 

±
 0

.0
03

0.
16

7 
±

 0
.0

73
4.

69
0 

±
 1

.3
67

0.
09

9 
±

 0
.0

12
C

ar
ro

t
0.

23
3 

±
 0

.0
01

0.
02

3 
±

 0
.0

05
0.

22
7 

±
 0

.0
11

1.
59

1 
±

 0
.0

92
0.

18
8 

±
 0

.0
30

Sw
ee

t p
ot

at
o

0.
61

3 
±

 0
.1

62
0.

13
5 

±
 0

.0
07

0.
01

5 
±

 0
.0

05
4.

67
4 

±
 0

.7
90

0.
44

8 
±

 0
.0

13
C

hi
na

 N
at

io
na

l S
ta

nd
ar

ds
0.

1
0.

1
/

/
0.

5
St

ac
k 

(n
 =

 2
)

W
hi

te
 c

ai
 ta

i
0.

78
5 

±
 0

.2
39

0.
23

9 
±

 0
.0

90
0.

45
6 

±
 0

.0
33

24
.2

3 
±

 5
.5

41
0.

22
5 

±
 0

.0
43

R
ed

 c
ai

 ta
i

0.
93

9 
±

 0
.3

27
0.

17
6 

±
 0

.0
38

0.
47

8 
±

 0
.0

89
20

.9
5 

±
 2

.9
93

0.
39

6 
±

 0
.0

76
C

hi
na

 N
at

io
na

l S
ta

nd
ar

ds
0.

3
0.

1
/

/
0.

5
So

la
na

ce
ou

s 
(n

 =
 3

)
E

gg
pl

an
t

0.
42

9 
±

 0
.0

01
0.

28
9 

±
 0

.0
27

0.
93

7 
±

 0
.1

99
2.

78
6 

±
 0

.5
88

0.
07

2 
±

 0
.0

04

R
ed

 p
ep

pe
r

0.
05

6 
±

 0
.0

09
0.

04
7 

±
 0

.0
35

0.
58

9 
±

 0
.1

24
2.

24
1 

±
 0

.1
69

0.
01

6 
±

 0
.0

05
To

m
at

o
0.

07
8 

±
 0

.0
23

0.
02

8 
±

 0
.0

05
0.

46
8 

±
 0

.0
36

1.
41

9 
±

 0
.1

85
0.

01
4 

±
 0

.0
03

C
hi

na
 N

at
io

na
l S

ta
nd

ar
ds

0.
1

0.
05

/
/

0.
5

M
el

on
 (

n 
=

 4
)

C
uc

um
be

r
0.

00
4 

±
 0

.0
01

0.
00

4 
±

 0
.0

01
0.

28
4 

±
 0

.0
47

1.
20

6 
±

 0
.1

07
0.

03
9 

±
 0

.0
14

Pu
m

pk
in

0.
12

1 
±

 0
.0

31
0.

00
5 

±
 0

.0
01

0.
64

7 
±

 0
.1

04
2.

88
3 

±
 0

.7
49

0.
07

3 
±

 0
.0

15
C

hi
na

 N
at

io
na

l S
ta

nd
ar

ds
0.

1
0.

05
/

/
0.

5
L

ea
fy

 (
n 

=
 2

)
C

ab
ba

ge
0.

67
1 

±
 0

.2
77

0.
03

6 
±

 0
.0

22
0.

31
4 

±
 0

.0
43

9.
92

6 
±

 2
.2

26
0.

21
1 

±
 0

.0
14

C
hi

ne
se

 c
ab

ba
ge

0.
74

9 
±

 0
.1

29
0.

41
9 

±
 0

.0
27

0.
15

5 
±

 0
.0

24
14

.5
1 

±
 2

.8
11

0.
07

3 
±

 0
.0

20
Sp

in
ac

h
0.

97
1 

±
 0

.1
94

0.
51

3 
±

 0
.0

55
0.

96
6 

±
 0

.2
88

20
.8

1 
±

 4
.5

43
0.

31
0 

±
 0

.0
64

C
ar

aw
ay

1.
85

5 
±

 0
.2

08
1.

03
1 

±
 0

.0
64

0.
98

7 
±

 0
.0

37
52

.6
9 

±
 6

.2
00

0.
73

9 
±

 0
.0

75
L

et
tu

ce
1.

16
2 

±
 0

.5
40

0.
46

0 
±

 0
.2

07
0.

77
5 

±
 0

.1
70

11
.7

9 
±

 1
.6

88
0.

66
0 

±
 0

.0
86

C
hi

na
 N

at
io

na
l S

ta
nd

ar
ds

L
eg

um
e 

(n
 =

 2
)

A
sp

ar
ag

us
 b

ea
n

0.
07

0 
±

 0
.0

14
0.

01
3 

±
 0

.0
11

1.
99

9 
±

 1
.2

47
6.

68
2 

±
 1

.5
50

0.
04

7 
±

 0
.0

14
K

id
ne

y 
be

an
0.

03
3 

±
 0

.0
36

0.
01

0 
±

 0
.0

17
1.

31
0 

±
 0

.0
85

5.
66

9 
±

 0
.2

36
0.

05
0 

±
 0

.0
10

C
hi

na
 N

at
io

na
l S

ta
nd

ar
ds

C. Buzea and I. Pacheco



15

8  �Relative Toxicity of Heavy Metals in Plants

It is impossible to determine a general scale of heavy metal toxicity to living organ-
isms. Quantitative toxicity measurements of various metals did not show any cor-
relations of their position in the toxicity scale with their physical or chemical 
properties (Appenroth 2010a). One can only give examples of such measurements 
in specific plants. For example, quantitative measurements of growth inhibition for 
the plant Lemna minor, including multiplication rate, fresh and dry weight, chloro-
phyll a and b, and total carotenoid content, showed the following sequence of toxic-
ity (Appenroth 2010a):

	 Ag Cd Hg Tl Cu Ni Zn Co Cr As As+ + + + + + + + + + +> > > > > > > > > >2 2 2 2 2 6 6 3 5

	

Accumulation of heavy metals in plant tissue is associated with decreased root 
length and plant biomass, negatively affecting seed germination and chlorophyll 
biosynthesis (Ahmed et al. 2019; Di Salvatore et al. 2008). At a cellular level heavy 
metals can detrimentally influence photosynthesis and respiration, and other physi-
ological factors, often as a result of an increased production of reactive oxygen 
species (Ahmed et  al. 2019; Shahid et  al. 2014; Dimkpa et  al. 2012; Pinho and 
Ladeiro 2012).

Some of the heavy metal ions are required for an optimal growth and develop-
ment in plants. These include copper, iron, manganese, molybdenum, and zinc 
(Anjum et al. 2015). However, an inappropriate amount of these metals can lead to 
phytotoxicity.

9  �Conclusions

Heavy metals have a negative connotation, being associated to environmental con-
tamination and pollution, eco-toxicity, and adverse health effects. While some of the 
metals termed “heavy metals” are essential for living organisms, others are extremely 
toxic to humans and animals. The accumulation of heavy metals in plants occurs via 
uptake from soil and wastewater. The highest uptake of heavy metals occurs in leafy 
vegetables, followed by a moderate level in root vegetables, and the lowest accumu-
lation in legumes. The consumption of plants with high levels of heavy metals can 
pose deleterious health effects to humans and animals.
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