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Abstract: Even if the Periodic Table of Chemical Elements is relatively well defined, some
controversial terms are still in use. Indeed, the term “heavy metal” is a common term used for
decades in the natural sciences, and even more in environmental sciences, particularly in studies of
pollution impacts. As the use of the term appears to have increased, we highlight the relevance of
the use of the term “Potentially Toxic Element(s)”, which needs more explicit endorsement, and we
illustrate the chemical elements that need to be considered.
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The development of the Periodic Table of Chemical Elements is one of the most significant
achievements in science and a uniting scientific concept, with broad implications for the modern
practice of chemistry, physics, biology and many other natural sciences. The International Year of
the Periodic Table of Chemical Elements in 2019 coincides with the 150th anniversary of the
discovery of the Periodic System by Mendeleev in 1869 —a time to consider its application and
progress to enable further exploration of our natural and human-impacted environment. It is a
unique tool, enabling scientists to predict the appearance and properties of matter on Earth and in
the Universe. However, even if the Periodic Table of Chemical Elements is relatively well defined,
some controversial terms are still in use. Indeed, the term “heavy metal” is a common term used for
decades in the sciences, and even more in environmental sciences (Figure 1), particularly in studies
of pollution impacts. As the use of the term appears to have increased (annually 8% to 10% these last
ten years, Figure 2), we emphasise the relevance of the use of the term “Potentially Toxic Element(s)”
(PTEs) [1], which needs more explicit endorsement, and we illustrate the chemical elements that
need to be considered.
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Figure 1. Proportion of publication by research areas in 2018 using the term “heavy metal” in the title
(sourced from Scopus using the term “heavy metal*”, data accessed on 10 October 2019).
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Figure 2. Evolution of the number of publications using the term “heavy metal” in the title (sourced
from Scopus and the Web of Science using the term “heavy metal*”, data accessed 10 October 2019).
It should be noted that the total number of publications has also dramatically increased. Thus, the
proportion of publications using this term may have decreased.

In 1980, Nieboer and Richardson [2] had already proposed the replacement of this nondescript
term by a biologically and chemically significant classification. Moreover, according to the
International Union of Pure and Applied Chemistry [3], the term “heavy metal” is considered
imprecise at best and meaningless and misleading at worst. The use of this term is strongly
discouraged, especially as there is no standardised definition. In 2004, Hodson [4] considered them



Int. J. Environ. Res. Public Health 2019, 16, x 30f6

as geochemical “bogey men”. In 2007, Chapman [5] first proposed to keep this term for music not for
science. In 2010, Hiibner et al. [6] proposed to move on from semantics to pragmatics, whereas
Madrid [7] recalls the long-standing and sometimes forgotten controversy. Nikimnaa and Schlenk
[8] further insisted on the ill-defined term. In 2012, Chapman [9] continued to write on the
cacophony not the symphony around “heavy metals” and Batley et al. [10] further presented a
detailed discussion of its usefulness. However, some authors still proposed some form of a
definition. In 2010, Appenroth defined them in plant sciences [11], and in 2018, Ali and Kahn [12]
proposed their own “comprehensive” definition. More recently, Pourret and Bollinger [13]
questioned the use of the term “heavy metals” —to use or not to use? —and Pourret [14] clearly
proposed to ban this term from the scientific literature, but why?

Overall, the term “heavy metal” is based on categorization by density or molar mass (zinc or
copper have relatively low density and molar mass compared to lanthanides and actinides). It is
often used as a group name for metals (i.e., transition metals from vanadium to zinc) that are
associated with contamination and potential toxicity. The “heavy metals” list is not clearly defined
and often mixes metals, metalloids and non-metals without clear definition. Eventually, the
pejorative connotation of “heavy” associated with the toxicity of metal induces a kind of fear in
society. All so-called “heavy metals” and their compounds may have relatively high toxicity (e.g.,
lead or cadmium). Nonetheless, metals are not always toxic and some are in fact
essential —depending on the dose and exposure levels and the receiving organism/population, the
balance between essential or toxic may tip (e.g., nickel or zinc).

In this opinion presented to the International Journal of Environmental Research and Public Health,
we look at progress in environmental sciences and medicine within a restricted sample population.
Among the 167 articles with the “heavy metal” term in the title and the 996 with it in the subject,
which we identified from a total of 12,700 articles published in International Journal of Environmental
Research and Public Health in the widely used databases of Scopus and the Web of Science using the
search term “heavy metal*” (data accessed 10 October 2019), we found lead (Pb), cadmium (Cd) and
zinc (Zn) to be the three most commonly studied elements (69%, 67% and 62%, respectively, when
considering the term “heavy metal” in the title (n = 167), and 32%, 30% and 23%, respectively, when
considering the term in the subject (1 = 996); Table 1 and Figure 4). In addition, these elements are
most often associated with monitoring based on total or extractable concentrations in soils,
sediments or water, in order to characterise pollution, to perform risk assessment and to identify
environmental exposure and health hazards (Figure 3). Apart from these chemical elements, the
keyword “China” appeared then in 44% of the articles (73/167) and 58% of the articles were
co-authored by researchers from Chinese institutions (97/167), reflecting in part the emergence of
intense research activity on widespread environmental issues in the region. Also emerging reports in
English language journals, perhaps has enhanced the growth of the term, a result of perpetuating the
approach to an established and long-standing practice.
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Figure 3. Word cloud of keywords used in the 167 articles from International Journal of Environmental
Research and Public Health with the term “heavy metal” in the title (sourced from Scopus, data
accessed on 10 October 2019).

In environmental science, the chemical speciation (molecular form) of the elements is often
overlooked [15]. The fact that chemical speciation is rarely considered may be because it is relatively
expensive (time and resources) and inherently difficult to measure directly. Sometimes, fractionation
analysis is performed, such as sequential chemical extraction, to identify the accessibility of portions
of the total sample content. However, elements are mostly judged as toxic because of evidence
relating to the toxicity of only a few of the chemical species in which they occur, often from
laboratory-based acute exposure. Since their physical, chemical and biological characteristics
depend on molecular structure and not its elemental constituents, so does its toxicity. Indeed, the
toxicity of these PTEs, like lead and cadmium, depends on their speciation and concentration not
only in a quantitative way but also qualitatively. Bioaccessibility and/or bioavailability should be
considered. Overall, human exposure to lead by the addition of tetraethyl-lead to gasoline as an
antiknock agent, or to lead paint, is well documented. However, the lead-acid battery does not pose
a direct threat to humans through use but may generate environmentally hazardous waste [16].

Therefore, it is essential that environmental studies further consider the species present rather
than the elemental constituent in order to create meaningful data. It thus becomes clearer that failure
to properly consider the chemical speciation of elements can lead to poor risk assessment and bad
use of legislation. Laws and regulations based on simple elemental analysis may wrongly consider
environmental media or products as toxic and group them in the term “heavy metals”.

Table 1. Occurrence of the first 10 elements in article keywords with “heavy metal” or “potentially
toxic element” in the subject of the articles published in International Journal of Environmental Research
and Public Health (sourced from Scopus, data accessed on 10 October 2019).

Rank “Heavy Metal” (n = 996) Rank “Potentially Toxic Element” (n =131)
Element n % Element n %
1 Pb 321 32 1 Pb 72 55
2 Cd 298 30 2 Cd 70 54
3 Zn 228 23 3 Zn 58 44
4 Cu 225 23 4 Cu 57 44
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5 As 208 21 5 As 47 36
6 Cr 193 19 6 Cr 44 34
7 Ni 158 16 7 Ni 38 29
8 Hg 141 14 8 Hg 29 22
9 Mn 107 11 9 Mn 23 18
10 Fe 85 9 10 Co 20 15
hydrogen helium
1 2
H He
1.0079 4.0026
lithium berylium fluonne neon
3 . 4 9 10
Li | Be F |Ne
6941 9.0122 18.998 20.180
sodum | magnesium hlorine argon
n 12 17 18
Na | Mg Cl | Ar
22990 24305 35453 39.948
potassium ‘calcium, scandium titanium gallium bromine krypton
19 20 21 22 31 32 35 36
K |Ca|Sc| Ti Ga Br | Kr
39.098 40.078 44956 A7 867 69.723 79.904 83.798
rubidium ‘strontium yitrium Zirconium niobium technetium ruthenium palladium silver indium tellurium iodine Xenon
37 38 39 40 a1 43 44 46 a7 49 52 53 54
Rb|Sr| Y | Zr Tc | Ru Pd | Ag In Te | | | Xe
85.468 8762 88.906 91.224 98] 101.07 10291 106.42 107.87 11482 127.60 126.90 13129
caesium ‘fungsten thenium osmium ndium ‘platinum goid Thallium ‘polonium “astatine radon
55 74 75 76 e 78 79 81 84 85 86
Cs W |Re|[Os| Ir | Pt|Au Tl Po | At [Rn
132.91 183.84 186.21 190.23 19222 195.08 196.97 20438 [209] 2101 [222)
Trancium Tutherfordum ‘Seaborgium | bohrum hassum | meinerium | darmsiadtium| roentgenium
87 104 105 106 107 108 109 110 111
Fr Rf |Db|Sg |Bh|Hs|Mt|Ds | Rg
[223] [226] 261 [262] [266] [264] [277] [268] [271] 272
lanthanum cerum neodymium | promethium | samarium ‘europium gadolinium terbium dysprosium holmium ‘erbium thulium yiterbium lutetium
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
La|Ce|Pr | NdPm|Sm|Eu|Gd|Tb |Dy|Ho| Er |Tm|Yb | Lu
138.91 140.12 140.91 14424 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.05 17497
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89 920 a1 93 94 95 96 a7 98 99 101
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221 23204 231.04 238.03 [237] [244] [243] [247] [247) [251] 1252 [257] [258] [259] [262)

Figure 4. Periodic Table of Chemical Elements, highlighting the elements considered as “heavy
metals” in International Journal of Environmental Research and Public Health (from the 167 articles with
“heavy metal” in the title sourced from Scopus, data accessed on 10 October 2019).

Concluding Remark

To be consistent, researchers should only use well-accepted definitions. The series from V to Zn
are considered the transition metals, As is a metalloid, Se a non-metal and Ba an alkali-earth (Figure
4). The best way to describe the studied elements is to name them clearly or to consider them as a
group of elements (metals or metalloids) and, in the case of environmental studies published in
journals like International Journal of Environmental Research and Public Health, to consider the term
“Potentially Toxic Element(s)” (PTEs). The wider and less ambiguous term PTE can provide
consistent and comparative use and more specialised definitions accepted only on the basis of a
more refined characterisation. Some other terms, like “Potentially Toxic Analytes”, can also be
applied. Eventually, one should continue to educate people to avoid the term “heavy metals”,
especially in non-peer-reviewed regulations or governments’ research reports.
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