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Abstract

The life sciences include the branches of science that are concerned with scientific studies of living organisms’ such as human
beings, animals, plants and microorganisms. In fact, all life sciences are biology based sciences and from the beginning of the
scientific and technological researches up to date, the obtained scientific data, especially in agriculture, medicine, engineering, as
well as molecular biology and biotechnology, led to an escalating specializations in interdisciplinary fields. Some life sciences focus
on a specific type of life. For instance, botany is the study of plants and has different branches such as anatomy, genetics, biochem-
istry, biophysics, taxonomy, physiology, molecular biology and paleobotany etc. of plants. On the other hand, zoology is the study
of animals that branches out anatomy, cytology, ecology, embryology, genetics, geology, histology, morphology, neonatology,
paleontology, physiology, taxonomy and many others. Also, microbiology is the study of microorganisms that may exist in its
single-celled form or in a colony of cells, and branches out to bacteriology, mycology, protozoology, phycology, parasitology,
immunology, virology and nematology and related sciences. The branches of these life sciences have their own specific sub-
branches related to the studied and mastered subjects. Recently, multidisciplinary new branches like bioengineering have been
formed, especially in conjunction with life sciences and engineering sciences, and these branches contribute to the development of
science. Life sciences are very useful in improving people’s life quality and standards. They have applications in agriculture, health,
medicine, food and drug science industries as well as environmental sciences. In this article, information is given about the branches
of “life sciences and related technologies” for better understanding of life sciences.
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1. Introduction

Before getting into the topic of what life sciences are, we
need to know that what life is, what living and non-living
(inanimate), and finally what are the differences between the
beings called living and non-living. Although we use these terms
many times in our everyday lives, giving the answers of these
questions with a few sentences have been very difficult for
people from the beginning to human life to today. Instead of
making a definition, so many scientists and thinkers have
presented some criteria for life, living and non-livings. Nobel
laureate Erwin Schrodinger, who is an Austrian physicist tried
to answer this (still-unresolved) question as life is differentiated
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by a“code-script” that regulates cellular organization and
genetic endowment, while obviously enabling living beings to
defer the second law of thermodynamics.

Life is a feature, which separates physical object that with
biological processes, such as life signaling and self-sustaining,
as living things (organisms), from those do not have or become
unable to perform these functions (died) after a certain time are
classified as inanimate.

Simply, we can understand from the above definition, only
two properties are required for us to determine whether a
physical object is alive or not is metabolism (life functions of an
organism, biomass increase and reproduction) and motion
(McKay, 2004). Also the simplest requirements of life are
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energy, water, in addition to C, H, O, N, P, S, K, other macro
and micro elements such as B, Mg, Ca, Cl, Mo, Cu, Fe, Mn, Zn
and a few Al, Co, Na, Ni, Si and V that varies from one organism
to another (McKay 1991; Ozyigit et al., 2018).

Seven features of life were listed by Koshland (2002) as (1)
program (DNA), (2) improvisation (response to environment),
(3) compartmentalization, (4) energy, (5) regeneration, (6)
adaptability, and (7) seclusion (chemical control and
selectivity). After the finding non-coding RNA’s, today we can
add RNA into the program together with DNA.

2. Living and non-living things

Since there are many different definitions, in order to
separate the living from the non-living, the following properties
are accepted that a living system must have; (1) the ability to
encapsulate its components in an enclosed boundary, in order to
distinguish itself from the environment, (2) the ability to transfer
information from one generation to the next generation and
finally, (3) the ability to accrue variations (mutations) between
successive generations (Tauber and Podolsky, 1994; Rodriguez
Garcia, 2016).

Here, the encapsulating ability takes us to the cell
formation and naturally to “the cell theory”. As it is known,
Matthias Schleiden, the German botanist and Theodor Schwann,
a British zoologist were formally articulated in this historic
scientific theory, in 1839 and up to now, it is universally
accepted whit minor revisions (Ribatti, 2018). According to this
theory, “all living things are made up of cells and cell is the basic
structural and functional unit of life”. 14 years later, Rudolf
Virchow published an important extension of cell theory, based
on his observations statement that “all living cells arise from pre-
existing cells” (Omnis cellula e cellula) (Epozturk and Gorkey;
2018).

Recently, the theory has modernized. Today, the “modern
cell theory” includes the followings editions (1) energy flow
occurs within cells, (2) cells contain hereditary information
(DNA) which is passed from cell to cell (3) all cells have
basically the same chemical composition (Kumar and Mina,
2015).

Nevertheless, this theory includes cellular organisms.
Noncellular organisms like viruses do not obey the cell theory
(Marcus, 2012). Possibly, non-cellular or acellular life forms
could be hiding out in anywhere like beneath the deep oceans or
inside the glaciers in Antarctica and waiting for the moment
when it will come out and meet us as a result of global warming
and/or with the soil samples brought to Europe by a South Pole
explorer.

Cells function differently in unicellular and multicellular
organisms. Related to above mentioned information, an
organism refers to a living thing that has an organized structure,
can react to stimuli, reproduce, grow, adapt, and maintain
homeostasis (Folse and Roughgarden, 2010; Diaz-Muiioz et al.,
2016; Demarest and Wolfe, 2017). A unicellular organism
depends upon just one cell, however that cell can be
tremendously complex and realizes all of its functions. A
multicellular organism has cells different from each other that
specialized to perform different functions that collectively
support the organism (Huang et al., 2005; Schulze-Makuch and
Bains, 2017; Tetz and Tetz, 2020). Although many cells have
differentiated to perform various functions, there are two types
of cells as prokaryotic and eukaryotic. Simply, a prokaryotic cell
is a type of cell or a unicellular organism that lacks a membrane-
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bound nucleus, mitochondria, or any other membrane-bound
organelle. However, a eukaryotic cell and/or organism have a
nucleus that enclosed by membrane and membrane-bound
organelles specialized to perform different functions (Martin,
2017; Urry et al., 2020).

Some organisms, like bacteria  (Agrobacterium
tumefaciens,  Eschericia  coli, Thermus  aquaticus),
cyanobacteria (Chroococcus turgidus), alga (Chlamydomonas
reinhardtii, Chlorella vulgaris), protozoa (Paramecium
caudatum, Plasmodium vivax, Trypanosoma brucei), yeast
(Candida albicans, Saccharomyces cerevisiae), diatoms
(Achnanthes fimbriata, Hippodonta arctica) etc. are unicellular-
consisting of a single cell. Other organisms, such as human
(Homo sapiens), animals (Danio rerio, Drosophila
melanogaster, Xenopus laevis), plants (Arabidopsis thaliana,
Gossypium hirsutum, Helianthus annuus) and fungi (Amanita
phalloides, Armillaria solidipes) are some samples of
multicellular organisms (Kusber and Jahn, 2002; Moore et al.,
2019; Urry et al., 2020).

The above unicellular and multicellular organisms are first
classified by Linnaeus, 1735 as a 2-kingdom (vegetabilia and
animalia) system. As a result of the technological developments
related to biological sciences, there have been many changes in
following 280 years, and today a 7-kingdom system has been
accepted including bacteria, archaea, protozoa, chromista,
plantae, fungi and animalia by Ruggiero et al., 2015.

Life sciences cover all scientific studies that are related to
the above mentioned groups in direct or indirect ways. Also, all
life sciences are related to biology. Biology has a rich history of
interactions with many other sciences such as agriculture,
chemistry, engineering, food sciences, mathematics, medicine,
pharmaceutical sciences and physics etc. Below, some definitive
information are given about some selected branches of life
sciences.

3. Life science branches
3.1. Basic life science branches and related concepts

Anatomy: Study of structure and relationship of body parts
of organisms such as humans, animals, plants and others,
especially as revealed by dissection and the separation of parts
(Barnes-Svarney and Svarney, 2016; McConnell and Hull,
2020).

Astrobiology: Study of the origins, formation, early
evolution, distribution, presence and future of life in the
universe. It is formerly known as exobiology (Cottin et al., 2017;
Cockell, 2020).

Biotechnology: Study of combination of both the living
organism or their parts and a group of technologies to develop
or make different products to improve the quality of human life
(Ribeiro et al., 2016; Glick and Patten, 2017; Bettencourt, 2020).

Biochemistry: Study of the physico-chemical processes
and substances required for life to exist and function, and of the
changes they undergo during development and life at the cellular
and molecular level (McKee and McKee, 2019; Rodwell et al.,
2019).

Bioinformatics: Study of developing and/or using of
methods or software tools for obtaining, storing, retrieving,
interpreting, organizing and analyzing large amounts of
biological information to generate useful biological knowledge
(Hogeweg, 2011; Filiz et al., 2017).

Biolinguistics: Study of the biology and development of
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language related to or derived from the biological characteristics
of an organism, especially human (Demirezen, 1988; Martins
and Boeckx, 2016; Pleyer and Hartmann, 2019).

Biological anthropology: Study of mostly humans, non-
human primates and hominids, their origin, development,
biological variation and adaptation to environmental stresses. It
is also known as physical anthropology (Jurmain et al., 2013;
Ellison, 2018).

Biological oceanography: Study of the distribution,
population dynamics and abundance of different types of marine
life and their interaction with the physics, chemistry, and
geology of the oceanographic system (Lalli and Parsons, 1997;
Miller and Wheeler, 2012).

Biology: Study of life and living organisms, including their
origin, distribution, classification, chemical processes, physical
structure, function, physiological mechanisms, molecular
interactions, development, behavior and evolution (Raven et al.,
2019; Urry et al., 2020).

Biomechanics: Study of the structure, function and motion
of the mechanical aspects of living beings at any level from
whole organisms to organs, cells and cell organelles (Alexander,
2005; Arus, 2012; Fung, 2013).

Biophysics: Study of biological processes by using
physics-based methods or based on physical principles from
molecules, to cells, tissues, organisms and populations (Zhou,
2011; Andersen, 2016; Tabacchi and Termini, 2017).

Botany: Study of plants including their structure,
properties, physiological and biochemical processes genetics,
ecology, distribution, classification, and economic importance.
It is also known as plant science(s), plant biology or phytology
(Berg, 2008; Mauseth, 2014; Liittge et al., 2016)

Cell biology: Study of the cell (Both prokaryotic and
eukaryotic) as a fundamental unit of life, structure and
functions, molecular and chemical interactions such as cell
metabolism, cell communication, cell cycle, and cell
composition that occur within and/or between living cells. It is
also called as cellular biology, or cytology (Gupta, 2005; Alberts
et al., 2013a; Cibas and Ducatman, 2013).

Developmental biology: Study of the processes by which
animals and plants grow and develop forms, from zygote to full
structure and is synonymous with ontogeny (Pua, 2010; Slack,
2012; Carlson, 2018).

Ecology: Study of the interactions among living organisms
and their non-living biophysical environment (Townsend et al.,
2003; Sharma and Sharma, 2012; Rana, 2013).

Ethology: Study of both animal and human behavior, with
emphasis on the behavioral patterns that occur in natural
environments, and viewing behavior as an evolutionarily
adaptive trait (Holland and Ball, 2003; Warnock and Allen,
2003; Gomez-Marin, et al., 2014).

Evolutionary biology: Study of the origin and descent of
species that produced the diversity of life on earth (Dukas, 2004;
Johnson and Stinchcombe, 2007; Futuyma and Agrawal, 2009).

Genetics: Study of genes which is a sequence of
nucleotides in DNA or RNA that encodes the synthesis of a gene
product, either RNA or protein, genetic variation and heredity in
organisms (Griffiths et al., 2005; Elston et al., 2012; Tseng and
Yang, 2013; Snustad and Simmons, 2015, Carlberg and Molnér,
2016).

Histology: Study of plant and animal cells and tissues
using microscopes to look at specimens of tissues that have been
carefully prepared in relation to their specialized functions. It is
also called as microscopic anatomy or microanatomy
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(Kierszenbaum and Tres, 2015; Gartner, 2018; Mescher, 2018).

Immunology: Study of the immune system in all
organisms (Bellanti, 2013; Villani et al., 2018).

Microbiology: Study of microscopic organisms
(microorganisms) those being unicellular (single cell),
multicellular (cell colony), or acellular (lacking cells) and their
interactions with other living organisms and the environment
(Madigan et al., 2010; Carr, 2017).

Molecular biology: Study of molecular basis of biological
activities in and between cells, including molecular synthesis,
modification, mechanisms with biochemistry, genetics and
microbiology (Cox et al., 2012; Michal and Schomburg, 2012;
Alberts et al., 2013b).

Neuroscience: Study of the nervous system and human
brain to understand the fundamental and emergent properties of
neurons and neural circuits (Hudspeth et al., 2013; Ogawa and
Oka, 2013).

Paleontology: Study of prehistoric organisms, their
evolution, interactions with each other and natural environment
in formergeologic periods as based on fossils (Turner, 2011;
Louys, 2012).

Physiology: Study of the functioning of living organisms
and the organs and parts of living organisms from the basis of
cell function at the ionic and molecular level to the integrated
behavior of the whole body and the influence of the external
environment (Raff et al., 2014; Hall, 2016).

Population biology: Study of groups of conspecific
organisms that how they interact with their environment. It is an
application of mathematical models to population genetics,
community ecology, and population dynamics (Hastings, 2013;
Thieme, 2018).

Quantum biology: Study of quantum mechanics and
theoretical chemistry in organisms (Brookes, 2017; Waring,
2018).

Structural biology: Study of molecular biology,
biochemistry, and biophysics concerned with the molecular
structure of biological macro-molecules (especially proteins and
nucleic acids at a molecular level) which are essential for all life
forms. How they acquire their structures and how alterations in
their structures affect their functions Karplus and McCammon,
2002; Liljas et al., 2009).

Synthetic biology: Study of creating new biological parts,
devices and systems. Design and construction of new biological
entities such as enzymes, genetic circuits and cells, or the
redesign of existing biological systems that are already found in
nature (Keasling, 2012; Bueso and Tangney, 2017; El Karoui et
al., 2019).

Systems biology: Study of the relationships between
various components within a biological system, using
computational and mathematical analysis with particular focus
upon the role of cell-signaling strategies and metabolic pathways
in physiology. (Breitling, 2010; Saetzler et al., 2011; Tavassoly
and lyengar, 2018).

Theoretical biology: Study of using abstractions and
mathematical models to understand biological phenomena of the
living organisms, their structure, development and behavior of
the systems, as opposed to experimental biology (Hogeweg,
2011; Krakauer et al., 2011; Longo and Soto, 2016).

Toxicology: Study of the nature, effects, and detection of
poisons chemical substances on living organisms (Hodgson,
2010; Smart and Hodgson, 2018).

Virology: Study of viruses, which are submicroscopic,
parasitic particles of genetic material contained in a protein coat,
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their characteristics, classification, and the relationship with
their respective hosts, and virus-like agents (Cann, 2001; Carter
et al., 2007).

As seen, all these above life science branches are primarily
related with biology. The below ones are consisted of some other
sciences, especially engineering, medicine, pharmacology, food
and agriculture. Here are some samples of applied life science
branches and related concepts.

3.2. Applied life science branches and related concepts

Biocomputers: Process of building computers that use the
information of biologically developed molecules (DNA, RNA
and proteins) to perform computational analysis involving data
storage, retrieving, and data processing (Auslander et al., 2012;
Kuo et al., 2017; Lin et al., 2018).

Biocontrol: A method of controlling pests such as insects,
mites, weeds and plant diseases using other living organisms. It
is also called as biological control (Flint and Dreistadt, 1998;
Follett and Duan, 2012; Bhargava et al., 2020).

Bioengineering: Application of principles of biology with
an emphasis on applied knowledge and the tools of engineering
to generate functional, palpable and economically feasib-
le products. It is also called as biological engineering (Pasotti
and Zucca, 2014; Wintle et al., 2017; Goyal, 2018).

Bioelectronics: Study of electrical state of biological
matter that significantly affects its structure and function, like
membrane potential, signal transduction, isoelectric point etc
(Rivnay et al., 2014; Birkholz et al., 2016).

Biomaterials: Any matter, surface, substance or construct
to interact with biological systems. Biomaterials can be found
and/or derived in nature and can be synthesized for different
purposes in bioengineering (Williams, 1987; Vert et al., 2012;
Habibovic and Barralet, 2011; Ratner and Castner, 2020).

Biomedical science: A set of scientific disciplines
applying the rules of natural science and/or formal science, to
develop knowledge, inventions, or technology that are being
used in healthcare or public health from cells to organs and
systems in the human body (Marshall and Williams, 2002;
Bernstam et al., 2010; Subbiah et al., 2010).

Biomonitoring: Measurement of the body burden of
elements or compounds having toxic effects, or the metabolites,
in various biological materials such as hair, nails, saliva, urine,
meconium, faeces, semen, blood, breast milk, teeth and bones
(in human/animal) and root, shoot, ring, bark, branch, leaf and
flower (in plant) (Angerer et al., 2007; Akguc et al., 2008; Yasar
and Ozyigit, 2009; Yener and Yarci, 2010).

Biopolymers: They are natural polymers produced by
living organisms such as polynucleotides (RNA and DNA),
polypeptides (collagen, actin, and fibrin, etc.) and polysacchar-
ides (starch, cellulose and alginate, etc.) it can also be said that
they are polymeric biomolecules, which derived from cellular or
extracellular matter (Mohanty et al., 2005; Kumar et al.,
2007).

Conservation biology: Protecting and restoring the
Earth’s biodiversity with the aim of protecting species, their
habitats, and ecosystems for the intrinsic value of these systems
Morris and Doak, 2002; Hunter and Gibbs, 2006; Berger-Tal
and Lahoz-Monfort, 2018).

Fermentation technology: Study of use of micro-
organisms for industrial fabrication of commercial products like
antibiotics, amino acids, vitamins, beer, wine, etc by using
fermentation, which is a metabolic process that produces

Front Life Sci RT 1(1) 2020 1-11

chemical changes in organic substrates through the action of
enzymes (Hui and Evranuz, 2015; Choudhary et al., 2018; Joshi
etal., 2018).

Genomics: Application of recombinant DNA, DNA
sequencing methods, and bioinformatics to sequence, assemble,
and analyze the function and structure, evolution, mapping, and
editing of genomes (Xia, 2013; Pevsner, 2015; Chakravorty et
al., 2018).

Kinesiology: The scientific study of human or non-human
body movement and its mechanics and how they impact on
health and wellbeing. It scrutinizes the dynamic principles of
physiology and biomechanics, and mechanisms of their action
(Gall et al., 2008; Twietmeyer, 2012).

Metabolomics:  The comprehensive analysis  of
metabolites, which can collectively be referred to as the
metabolome in a biological specimen (Clish, 2015; Liu and
Locasale, 2017).

Optogenetics: A special neuromodulation technique in
neuroscience which uses the principles and techniques of both
optics and genetics to control and monitor the activities of
individual neurons in living tissue (Eugenin et al., 2006;
Deisseroth, 2011).

Pharmacogenomics: It is the study of the drug-genome
interactions and the role of the genome in drug response. On the
other hand, it is a technology that analyses how genomic
variation affects an individual’s response to drugs (Johnson,
2003; Wang, 2010).

Population dynamics: It is the study of size and age
composition of populations in both short- and long-term, and the
biological and environmental factors involved in their
maintenance, decline, or expansion such as birth and death rates,
immigration and emigration (Saccheri and Hanski, 2006; Leigh
and Van Emden, 2017; Wade, 2018).

Proteomics: It is the large-scale study of proteins, which
are the vital parts of living organisms, particularly their
structures and functions (Anderson and Anderson, 1998;
Blackstock and Weir, 1999; McArdle and Menikou, 2020).

Transcriptomics: Study of an organism’s transcriptome,
the sum of all of its RNA, the set of all RNA transcripts,
including coding and non-coding (Schirmer et al., 2010;
Chambers et al., 2019).

New discoveries in life sciences help people to improve
their quality of life standards. In addition to biology, life
sciences have applications in some agriculture, engineering,
human and animal health/medicine, pharmaceutical and food
science and industries. Some examples about these scientific
fields are given below.

3.3. Agricultural sciences-related life sciences and related
concepts

They are mainly, agricultural engineering, agricultural ed-
ucation, agricultural chemistry, agricultural economics, agricul-
tural communication, agricultural policy, agricultural philoso-
phy, agronomy, horticulture, agricultural soil science and agroe-
cology. Some selected ones are given below.

Agricultural engineering: This study area covers from
agricultural machinery to food engineering, from farming equip-
ment to bioprocess engineering and the management of natural
resources (Field and Long, 2018; Heldman et al., 2018)

Agricultural policy: This study area covers agricultural
economics and agricultural engineering, agrophysics, animal
science including animal breeding/animal nutrition/fisheries sci-
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ence/poultry science, aquaculture, biological engineering (ge-
netic engineering/microbiology), environmental science (con-
servation/resources management/wildlife management) and
food science (human nutrition/food technology) (Allen and
Singh, 2016; Kovacs, 2018; Browman et al., 2019; Baldi et al.,
2020).

Agricultural production: Cash crop and agricultural
products (food, natural fibers, lumber, paper, medicine and
biofuels) (Poltronieri and D’Urso, 2016; Elevitch et al., 2018;
Kamani et al., 2019; Kuma et al., 2019; Shogren et al., 2019).

Agricultural soil science: This study area covers agroge-
ology, agrology, land degradation and improvement, soil chem-
istry (soil amendment/soil erosion/soil life/soil type/soils retro-
gression) (Pimentel et al., 1987; Bai et al., 2008; Calzolari,
2013).

Agroecology: This study area covers problems of agroeco-
system and analysis of agrophysics, biodiversity, climate change
and agricultural adaptation, composting, valuation of ecosys-
tems and environmental economics, green manure, recycling,
soil science, valuation of natural resources and wildculture
(Thomas and Kevan, 1993; Oteros-Rozas et al., 2014; Snapp and
Pound, 2017; Mirsayapov et al., 2019).

Agronomy: This study area covers plant science (crop sci-
ence/forestry/plant pathology/wood science), horticulture, plant
breeding, theoretical production ecology and the correct use of
fertilizers (Narwal et al., 2000; Hansen et al., 2007; Bhargava
and Srivastava, 2019).

Farming: Aquaculture, mariculture, organic farming,
alligator farming, dairy farming, pig farming, poultry farming,
sheep husbandry, sericulture and viticulture (Hermansen et al.,
2004; Nickum et al., 2018; Qyinlola, 2019; Raju et al., 2020;
Squire, 2020).

Farming methods and practices: Aeroponics, agquapo-
nics, artificial selection, field day, grazing, hydroponics,
intercropping, irrigation, permaculture, pollination
management, and sustainable agriculture (Daimon, 2002; Krebs
and Bach, 2018; Martin-Guay et al., 2018; Randall and Smith,
2019).

Forestry: Agroforestry, analog forestry, forest gardening
and forest farming (Michon and de Foresta, 1998; Senanayake,
2000; Elevitch et al., 2018).

3.4. Engineering sciences-related life sciences and related con-
cepts

Agricultural engineering: Although most of the disci-
plines are covered by the agricultural science, engineering tech-
nology makes different agricultural engineering. Its subdisci-
plines and related concepts are; aquaculture engineering, biome-
chanical engineering, bioprocess engineering, biotechnical engi-
neering, ecological engineering (ecosystem engineering), food
engineering, forest engineering, health and safety engineering,
information and electrical systems engineering, natural re-
sources engineering and machinery systems engineering (Mi-
chon and de Foresta, 1998; Fescemyer and Smith, 2006; Ferreira
and Van Loggerenberg, 2011; Gholamrezai and Bahadori,
2013; Browman, et al., 2019; Mirsayapov et al., 2019).

Biological engineering: Subdisciplines and related con-
cepts cover bioacoustics, biochemical engineering, biomedical
engineering, biomolecular engineering, bioresource engineer-
ing, bioprocess engineering, biosystems engineering, biotech-
nical engineering, cellular engineering, genetic engineering,
food and biological process engineering, health and safety engi-
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neering, microbiological engineering, molecular engineering,
protein engineering, systems biology, synthetic biology
(Dooley, 2003; Johnson and Schreuders, 2003; Ferentinos,
2005; Heldman and Moraru, 2010; Goyal, 2018).

Biomedical engineering: Bioinstrumentation, bioinfor-
matics, biomechanics, biomaterial, biomedical optics, biosignal
processing, biotechnology, clinical engineering, medical imag-
ing, neural engineering, and pharmaceutical engineering and tis-
sue engineering (Bronzino, 2000; Saltzman, 2009; Enderle and
Bronzino, 2012; Bronzino and Peterson, 2014).

Biomolecular engineering: Genetic engineering (of
whole genes and genomes), biomolecular/biochemical engineer-
ing, DNA, RNA and protein engineering (related to genetic en-
gineering) (Ryu and Nam, 2000; He et al., 2006; Rees et al.,
2017).

Environmental engineering: Ecological engineering,
sanitary engineering, wastewater engineering (blackwater, grey-
water and irrigation water) and municipal/urban engineering
(Aitken et al., 2004; Abiko, 2010; Allen et al., 2010).

3.5. Medical sciences-related life sciences and related con-
cepts

Basic medical sciences: Anatomy, biochemistry, biome-
chanics, biophysics, biostatistics, cytology, embryology, endo-
crinology, epidemiology, genetics, histology, immunology,
medical physics, microbiology, molecular biology, neurosci-
ence, nutrition science, pathology, pharmacology, photobiology,
physiology, radiobiology and toxicology (Stetten, 1964; Easter-
brook, 2005; Laake and Benestad, 2015; Ozturk and Gencturk
2018).

Diagnostic medical sciences: Clinical laboratory sciences
(transfusion medicine, cellular pathology, clinical chemistry, he-
matology, clinical microbiology and clinical immunology), pa-
thology, diagnostic radiology, nuclear medicine and clinical
neurophysiology (Culling et al., 2014; Murphy et al., 2017,
Ozturk and Gencturk, 2018; Marshall et al., 2020).

Interdisciplinary medical fields: Aerospace medicine,
addiction medicine, biomedical engineering, pharmacology,
conservation medicine, diving or hyperbaric medicine, disaster
medicine, evolutionary medicine, forensic medicine, gender-
based medicine, hospice and palliative medicine, hospital medi-
cine, laser medicine, medical ethics and medical humanities,
health informatics, nosology, nosokinetics, occupational medi-
cine, pain management (pain medicine/algiatry), phar-
macogenomics, podiatric medicine, sexual medicine, sports
medicine, therapeutics, travel medicine, tropical medicine, ur-
gent care, veterinary medicine and wilderness medicine (Payne-
James et al., 2003; Daszak et al., 2004; Eddleston et al., 2005;
Hiittmann et al., 2005; Davis et al., 2008; Porst and Buvat, 2008;
Quest et al., 2009; Ries et al., 2009; Doukas et al., 2012; Kumar
and Gandhimathi, 2012; Kumar and Sivakumar, 2012; Oriani et
al., 2012; Kling et al., 2016; Auerbach et al., 2018).

Internal medical sciences: Angiology/vascular medicine,
cardiology, critical care medicine, endocrinology, gastroenterol-
ogy, geriatrics, hematology, hepatology, infectious disease,
nephrology, neurology, oncology, pediatrics, pulmonol-
ogy/pneumology/respirology/chest medicine, rheumatology and
sports medicine (Kumar and Gandhimathi, 2012; Ficalora and
Mueller, 2013; Ozturk and Gencturk, 2018; Abdi and Bektas,
2019).

Surgical medical sciences: General surgery, breast sur-
gery, eye surgery, cardiovascular surgery, colorectal surgery,
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cosmetic surgery, dermatologic surgery, gynecologic surgery,
hand surgery, neurosurgery, oral and maxillofacial surgery, on-
cologic surgery, ophthalmic surgery, oral and maxillofacial sur-
gery, orthopedic surgery, otolaryngology, plastic surgery, podi-
atric surgery, skull-base surgery, transplant surgery, trauma sur-
gery, urologic surgery, vascular surgery and pediatric surgery
(Stegman and Tromovitch, 1982; Trokel et al., 1983; Lundborg,
2000; Sullivan, 2001; Grillo, 2004; Lanfranco et al., 2004;
O’Malley and Weinstein, 2007; Vitug and Newman, 2007; Shaw
et al., 2010; Kumar and Gandhimathi, 2012; Mulholland et al.,
2012; Lawrence et al., 2013; Ozturk and Gencturk, 2018). Meth-
odologically, endoscopic surgery, laparoscopic surgery, laser
surgery and robotic surgery etc. (Hiittmann et al., 2005; Nezhat
et al., 2006; Schleef, 2008).

Other major medical sciences: Anesthesiology (anesthet-
ics), dermatology, emergency medicine, family medicine, ob-
stetrics and gynecology (Obs and Gynae), medical genetics, neu-
rology, ophthalmology, pediatrics, pharmaceutical medicine,
physical medicine and rehabilitation (physiatry), podiatric med-
icine and psychiatry (Stegman and Tromovitch, 1982; Nezhat
et al., 2006; Kumar and Gandhimathi, 2012; Turnpenny and
Ellard, 2016; Cuccurullo, 2019; Rogers and Stavosky, 2019).

3.6. Other sciences-related life sciences and related concepts

Food sciences: Food chemistry and food engineering, food
microbiology, food technology, molecular gastronomy, quality
control and sensory analysis (Carpenter et al., 2012; Burke et al.,
2016; Carr, 2017; Gillibert et al., 2018; Heldman et al., 2018;
Lagana and Avventuroso, 2018).

Forestry sciences: Aesthetically appealing landscapes, bi-
odiversity management, employment, erosion control and forest
replanting, fuel wood, landscape and community protection, nat-
ural water quality management, recreation, timber provision,
watershed management and wildlife habitat (Pimentel et al.,
1987; Sim and Nykvist, 1991; Thorne and Huang, 1991; Umans,
1993; Cude, 2001; Hillring, 2006; Khatun, 2011; Browman et
al., 2019; Randall and Smith, 2019).

Pharmacy: Pharmaceutics (pharmaceutical formulation,
pharmaceutical manufacturing, dispensing pharmacy, physical
pharmacy), medicinal chemistry, pharmacognosy, pharmacy
practice (clinical interventions, pharmaceutical care, communi-
cation skills and patient care) and pharmacology (Lachman et
al., 1986; Remington, 2006; Bond and Raehl, 2007; Holdford
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4. Future Perspective

All authorities consider biology as the center of life sci-
ences and being as the science of the future. Today, new inven-
tions in biological sciences are mostly being implemented
through biotechnology and genetic engineering applications. Bi-
ological sciences exploit the developments in technological ap-
plications in terms of trying to solve problems related with many
fields including health, environment, animal husbandry, food
and agriculture. As known, life sciences are mostly related with
biological sciences and study “life” in all its forms, past and pre-
sent. The study of every living entity in the universe is a compli-
cated task. Of course, the branches of life sciences were being
limited as the result of low level and slow scientific develop-
ments in the past. As advancements in science increasingly be-
comes more complex in the past 20 years, the interdisciplinary
research involving researchers from multiple academic disci-
plines is quickly adopted as the rule rather than the exception.
Interdisciplinary researches provide opportunities for synthesis
of ideas and the synthesis of peculiarities from many disciplines.
As well, it addresses researchers’ individual differences and
helps to develop important, transferable skills. For instance, ge-
neticists use the techniques from the fields of molecular biology
and chemistry, chemists use information from molecular biology
and genetics, plant pathologists have to be equipped with
knowledge on molecular biology to study disease resistance. For
these reasons, hundreds of new disciplines will be created in the
next ten years in life sciences; thus, new scientific studies and
inventions will be multiplied.
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Abstract

Heavy metals are the most persistent and complex pollutants in nature. They not only reduce the quality of the atmosphere,
water bodies and food crops, but also pose a threat to the health and well-being of animals and people. Metals are accumulated in
the tissues of living organisms since contrary to most organic compounds; they are not subject to metabolic degradation. Cadmium
(Cd) is one of the heavy metals as well as one of the most important pollutants that easily transported in plants, then distributed to
all plant organs, and thus easily transferred to the food chain. So far, studies have not shown any positive effects of Cd on living
organisms. Cd can be harmful on human health even in low concentrations, which can cause many serious illnesses and even deaths.
In this article, a literature review has been made under the topics of the general properties of Cd, its distribution in nature, its sources
and usage areas, the entryways of Cd into plants, its transportation as well as importance in plant metabolism; effects on plants as a
heavy metal, the antagonistic-synergistic relationship of Cd with other elements, remediation methods can be applied in soils ex-
posed to Cd contamination, the passageways of Cd to nutrients, its entry into the body and its transportation, and finally the effects

of Cd on humans and animals.

Keywords: Heavy metal; metal accumulation; metal uptake; pollution; toxicity

1. Introduction

Unplanned urbanization and industrialization depending
on the rapid increase in the human population, increase the pol-
lution by heavy metals and cause deterioration of ecological bal-
ance (Ozturk et al., 2017). As a result of environmental pollution
soil, water and air are also polluted and the level of pollution is
becoming more dangerous on living things day by day (Akguc
et al., 2010). Heavy metals are, one of the most critical factors
causing environmental pollution (Yang et al., 2018; Karahan et
al., 2020).

The sustainability of human beings has always been de-
pendent on plant life as a source of food, raw materials and en-
ergy. Plants can easily uptake the nutrients they need to grow
and complete their physiological periods from the soil through-
out their roots. These nutrients can be found in the soil in the

* Corresponding author(s).

form in which they are found in plants (Carfagna et al., 2013;
Meena et al., 2020). The role of each nutrient in plant nutrition
is different and thus, in agricultural practices they must be ap-
plied to the plants in a balanced way (Okcu et al., 2009; Elemike
etal., 2019).

The elements necessary for the growth and survival of
plants are called “plant nutrients”. It is possible to find almost
all elements that exist in nature in the analysis of plant tissue and
organs (Hawkesford et al., 2016). However, 16 of these elements
(C,H,O,N, P, S, K, B, Ca, CI, Cu, Fe, Mg, Mn, Mo and Zn) are
“essential nutrients” for all plants. Six of these elements (Al, Co,
Na, Ni, Si and V) are “beneficial elements” that are considered
necessary only in some plants or metabolic pathways (Ozyigit et
al., 2018; Karahan et al., 2020).

Metals such as Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se and
Zn, which have relatively large atomic mass, exhibit their own
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physical structure and have atomic weights are greater than 5 g
cm are called as “heavy metals”. More than sixty elements are
considered as heavy metals, and these metals are located in a
large part of the periodic table called “transition elements”
(Salzer, 1999; Duffus, 2002; Yalcin et al., 2020).

Some of the heavy metals are involved in metabolism by
participating in the structure of vitamins, enzymes and hor-
mones, while others take part in absorption and digestion
(Azevedo and Lea, 2005; Pohl et al., 2011). Heavy metals such
as Cu, Fe, Mn, Mo, Ni and Zn are needed for living things up to
a certain dose; these elements are called “micro or trace ele-
ments”. Contrarily, heavy metals such as As, Cd, Cr, Hg and Pb
are not essential for living things and even small amounts of
them can show toxic effects (Altay et al., 2013; Ozyigit et al.,
2018; Karahan et al., 2020). Heavy metals pose a great threat to
plants, animals and humans when they are released in the envi-
ronment as they accumulate in organisms through the food
chain, causing serious diseases and even death (Kumar et al.,
2019; Sevik et al., 2019; Karahan et al., 2020). Heavy metals can
easily spread around, and affect the environment negatively
even in Antarctica, where the life, as well as human habitat is
limited (Corsolini, 2009). Therefore, the negative effects of
heavy metals on living things should not be ignored (Baryla et
al., 2001; Aissa and Kéloufi, 2012). The main factors that cause
heavy metals to spread to the environment are industrial activi-
ties, motor vehicle exhausts, paints, use of metals as catalysts,
mineral deposits and enterprises, volcanic activities, fertilizers
and pesticides used in agriculture and urban wastes (Akguc et
al., 2008; Osma et al., 2012; Ozyigit et al., 2016).

Cd, which belongs to the 2B group of the periodic table, is
one of the most toxic and dangerous heavy metals for living
things. The importance of Cd as an industrial and environmental
pollutant has become more evident in recent years (Mishra et al.,
2019). Cd can be found naturally (mobilizations of cadmium
from the earth’s crust are volcanoes and weathering of rocks) or
spread to the environment due to anthropogenic activities like
agricultural and food wastes, animal wastes and manure, logging
and other wood wastes, urban refuse, municipal sewage sludge,
miscellaneous organic wastes, solid wastes, fertilizer metal man-
ufacturing, coal fly and bottom fly ash, wastage of commercial
products and atmospheric fall-out (WHO, 2003; Akguc et al.,
2008; Sabiha-Javied et al., 2009; Osma et al., 2012; Ozyigit et
al., 2016). These factors increase the importance of Cd as a pol-
lutant.

2. Cadmium element

The chemical symbol of cadmium is “Cd” with atomic
number 48, atomic weight 112.41 g mol?, density 8.7 g cm,
boiling point 766.8°C and melting point 321°C as well as a sil-
ver-colored, soft, machinable heavy metal that cannot be found
alone in nature. Among Cd salts, CdS, CdCl; and CdSO; are the
best known. The chemical properties of Cd are similar to Zn in
terms of plant uptake and metabolic functions. However, unlike
Zn, an element has a toxic effect on plants, animals and humans
(Garbisu and Alkorta, 2001). One of the ways it reaches the soil
is synthetic fertilizers and pesticides. It can spread easily in na-
ture due to its water solubility feature. It is taken into biological
systems by plants and sea creatures in the form of Cd*? and has
the property of accumulation (Kayhan, 2006; Tripathi et al.,
2020).

Cd, which is frequently used for the benefit of humanity
today, unfortunately, is an important contaminant for the envir-
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onment and humans. Since their compounds are mostly in pow-
der and aerosol form, they are commonly taken by inhalation.
International cancer research authorities divided chemicals into
five groups according to their carcinogenic effects. Cd belongs
to “Group 1” among “Carcinogenic Effective Substances in Hu-
man” due to its relationship with lung cancer. Since tin (Sn)
metal was not found during the First and Second World War
years, Cd was used as a substitute for Sn in food and canned
containers. However, it has been noticed that Cd, which passes
to acidic foods, causes poisoning, and therefore, it has been dis-
continued in a short time (WHO, 2019; Xu et al., 2019; Aslan,
2020). Living things are often exposed to Cd directly through
the respiratory tract or food chain. Depending on the route of
exposure, concentration a duration, Cd can cause damage to the
lung, liver, kidney, bone, testicle and placenta (Paustenbach et
al., 2003; Prozialeck et al., 2006; Meravi and Prajapati, 2013).

In plants exposed to toxic amounts of Cd, shrinkage of leaf
surface area, yellowing (chlorosis), necrotic spot formation, leaf
growth inhibition and leaf rolling are observed. However, the
lack of Cd-based Fe and/or P deficiency or inhibition of Mn
transport may be the reason for the chlorosis of the leaves (Koleli
et al., 2004; Benavides et al., 2005; Lombardi and Sebastiani,
2005). Cd causes a decrease in yield and quality in plant produc-
tion due to its inhibitory effects on plant photosynthesis rate, en-
zyme activity and ion uptake (Hassan et al., 2005; Siatka et al.,
2012).

3. Distribution of cadmium

Cd is on the list of priority hazardous substances of many
environmental non-governmental organizations and the United
States Environmental Protection Commission. Living things are
often exposed to Cd directly through the respiratory tract or food
chain. The World Health Organization limited the weekly toler-
able amount of Cd exposure to 50 pg and recommended it as
0.007 mg kg body weight (WHO, 2000). Industrial activities,
sewage wastes, the addition of fertilizers to agricultural soils and
atmospheric deposits cause Cd to pass into the soil. In addition,
diesel-powered machinery, long-term purification sludge and
garbage manure applications to agricultural areas and the use of
pesticides cause entry of Cd into the soil (Sabiha-Javied et al.,
2009; Ozyigit et al., 2016; Tabelin et al., 2018).

4. Cadmium applications, uses and resources

It is thought that the annual exposure amount of Cd is 25-
30 thousand tons. Human plays a role in 13 thousand tons of this
amount (Zalups and Ahmad, 2003; Sui et al., 2018). The indus-
tries where Cd is frequently used can be listed as follows: Pro-
duction of Ni-Cd batteries, refining of Cu, Pb and Zn ores, elec-
troplating and galvanizing applications in order to prevent cor-
rosion, adding to the composition as a preservative during the
preparation of metal alloys, use as a stabilizer in plastic produc-
tion, glass industry, ceramic making and dye production (Jo-
vanovic et al., 2011; Akguc et al., 2008; Osma et al., 2012).
Apart from these industrial areas given above, Cd is widely used
in the production of household items, automobile and truck tires,
photography, agricultural tools, aircraft parts, some industrial
and hand tools, bolts, screws, screw nuts and nails (Awual et al.,
2018; Ishchenko, 2018; Akguc et al., 2008; Osma et al., 2012).
Additionally, in many industries, Cd is released as a by-product
of Cu, Pb and Zn extraction. The uptake of Cd by humans and
animals is mostly through foods. All food ingredients contain
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Cd, even in small amounts. Some of the foods which have high
levels of Cd are liver and offal, shellfish, mussels, seaweed,
mushrooms, cocoa powder. Smoking also causes a high amount
of chronic Cd exposure. Hazardous waste zones, factories that
release Cd through air, and the metal refining industry are also
important areas of Cd exposure (Chiocchetti et al., 2017; Vi-
zuete et al., 2018; Aslan, 2020).

5. Entry of Cd element to plants, transport and storage

Metal transport from soil to plant roots occurs through dif-
fusion and convection. With the dissolution of metals in the soil,
metal concentration increases and as a result, complex structures
are formed. Even if these complex structures are not taken into
the cell by plant roots, it has been determined that they increase
the transports carried out by diffusion towards the plant root in
an effective amount. There are many factors that affect metal
accumulation in plants. Among these factors, the mobility of the
elements in the soil, their absorption by the roots, their storage
in the root cells, the transport of the structures through xylem to
above-ground parts, and the spread of metals in these parts are
the most prominent factors (Clemens et al., 2002; Song et al.,
2017).

The metals taken from the soil are initially stored in the
plant roots. These metals are then passed from the roots to the
xylem sap and transported to the aboveground parts of the plant
with the effect of respiration power (Ismael et al., 2019). Metals
reaching to the leaf are spread to leaf cells through apoplast and
symplast. The distribution of the elements transported to the leaf
by the apoplast and symplast is due to the binding of the metals
to the chelators in the tissues. Phytochelatin (PC) and metallothi-
oneins (MT) are the main chelators involved in the retention of
metals (Filiz et al.,, 2019a). These chelators contain large
amounts of cysteine sulfhydryl groups, which can bind to heavy
metal ions and store them to form stable complexes (Prasad,
2013; Dvorak et al., 2020).

The process of heavy metal uptake and transport by plants
includes the retention of metal ions by the roots, their entry to
the roots and subsequent translocation to the aboveground or-
gans through mass flow and diffusion (Jabeen et al., 2009).
Plants also have molecules that can eliminate or tolerate the neg-
ative effects of metals. Some of the well-known of these mole-
cules are phytochelatins, metallothioneins, organic acids, amino
acids and metal chelators (Duci¢ and Polle, 2005; Ahmad et al.,
2019; Filiz et al., 2019a). The strongest metal binders in plants
are phytochelatins, which eliminates the negative effects of
heavy metals. It has been proven in many researches that phyto-
chelatin has a peptide structure and that Cd*? is the strongest
metal activator of phytochelatin synthase (Balzano et al., 2020).
Metallothioneins are compounds with low molecular weight,
heavy metal binding capacity, high content of cysteine groups
and no aromatic amino acids (Ziller et al., 2017; Filiz et al.,
2019b). In addition, the amino and carboxyl groups of amino
acids have the ability to bind metal ions. Organic acids such as
malate, oxalate and citrate are involved in the reaction against
the negative effects of metals (Tamas et al., 2018).

Plants must initially transform the metals into a mobile
form in order to absorb them from the soil. They reach this mo-
bile form by using many methods. For instance, plants can se-
crete into the rhizosphere to dissolve and chelate the metal pre-
sent in the soil through metal-chelating molecules. The heavy
metal uptake of plants can be divided into three groups (Ayhan
et al., 2006; Liang et al., 2019).
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1. Metal-chelating molecules can perform the siderophores
function in plants via phytochelatins and metallothioneins (Na-
varrete et al., 2019).

2. They can reduce the ionic metals by using metal reduc-
tases present in the structure of the plasma membrane (Shou et
al., 2019; Terrén-Camero et al., 2019; Huang et al., 2020).

3. They can acidify and dissolve heavy metals by throwing
protons from the roots to the soil (Zandonadi et al., 2016).

These three mechanisms can also be applied by mycorrhiza
or root colonized bacteria. A plant can manage the negative ef-
fects of heavy metals by preventing the entry of them into the
cell, and if it cannot prevent it, by detoxifying it in the cell. Stud-
ies have shown that cadmium is stored in vacuoles together with
phytochelatins (Ashraf et al., 2019; Ahmad et al., 2019; Yama-
guchi et al., 2020).

6. Effects of Cd on plants, its role in metabolism

Compared to animals, plants can take higher amounts of
Cd without harm. Plants are negatively affected if excessive
amounts of Cd is taken (Gill et al., 2012). It causes many physi-
ological changes in the plant by changing nitrogen and carbohy-
drate metabolisms.

Cd prevents photosynthesis, disrupts chlorophyll synthesis
and causes stomatal closure. The most important reason why ex-
cessive Cd concentrations disrupt chlorophyll biosynthesis is the
inhibition of the synthesis of protochlorophyll reductase, which
is involved in chlorophyll biosynthesis and aminolevulinic acid
(Per etal., 2017). In addition, like other heavy metals, Cd causes
free radical formation, which is responsible for oxidative de-
struction of thylakoid membrane lipids (Rai et al., 2016).

Many researches showing the effects of Cd in different or-
ganisms are exist. In a study investigating Cd toxicity in tomato
plants reported that there was a linear relationship between the
Cd concentration in the nutrient solution and the Cd in the root
and shoots of the plants. Also, it was seen that the amount of Cd
accumulated in roots of tomato is approximately 15 times more
than its shoots as roots (Khan et al., 2019). In another study con-
ducted using Picea abies, the amount of Cd accumulation in the
roots induced parallel with the increased Cd concentration in the
growing medium (Ozcan and Baycu, 2005).

A study conducted on bean seedlings (Phaseolus vulgaris
L. cv. Strike), the effects of Cd, Cu, Hg and Pb on the quantities
of total protein and abscisic acid (ABA) were investigated. Ob-
tained results demonstrated that higher heavy metal exposures
of the seedlings increased ABA production. Additionally, the to-
tal protein contents (p<0.05 or p<0.01) decreased with heavy
metals’ concentrations (Zengin and Munzuroglu, 2006).

Recent studies have revealed that Ca has important protec-
tive effects against Cd stress in plants. Ca mediates to Cd uptake
rate and physiological changes due to Cd uptake in plants.
Hayakawa et al. (2011) showed the negative effects of Ca appli-
cation on Cd levels in Gamblea innovans leaves. The application
of Ca at a low concentration caused a significant decrease in Cd
uptake in the roots of rice (Kim et al., 2002). Similar reductions
in Cd uptake were seen in soybean and wheat roots with the ap-
plication of 1-10 mM Ca (Yang and Juang, 2015).

Reports on the effects of Cd toxicity in plants have shown
changes in the uptake, transport and use of various elements and
water in plants (Qin et al., 2020). The absorption of nitrate was
reduced by the uptake of Cd, and relatedly the transport of nitrate
from the roots to the stems was limited through the inhibition of
nitrate reductase activity in the stems (Singh et al., 2019). Cd,
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which induces an increase in lipid peroxidation, also causes
some changes in the functions of membranes (Zahraet al., 2018)
and by suppressing chlorophyll biosynthesis and effecting the
activities of enzymes involved in CO; fixation (Asati et al.,
2016; Sadeghipour, 2018).

Some studies with Cd have shown that stress-dependent
genomic changes cause variations in RAPD band profiles. For
instance, Ozyigit et al. (2016) exposed Kalanchoe daigremonti-
ana clones to Cd in different concentrations and observed new
band formations in RAPD band profiles in 50, 200 and 400 uM
applications. In addition, a decrease in band intensities in RAPD
band profiles at concentrations of 100 pM, and an increase in
band intensities at concentrations of 50, 200 and 400 uM were
observed.

In another study, polymorphisms were observed in DNA
profiles of Arabidopsis plant samples exposed to 4.0 and 5.0 mg
L Cd whereas polymorphisms were not obtained in DNA pro-
files 0.25 and 1.0 mg L Cd (Wang et al., 2016).

Aslam et al. (2014) used 10 RAPD primers in Capsicum
annuum samples exposed to 5 different Cd concentrations (20,
40, 60, 80 and 100 ppm) and a total of 184 (62 polymorphic and
122 monomorphic) bands in DNA profiles were obtained.

Recently, the highest levels of changes in RAPD profiles
(lost and/or formed bands) after Cd application at different con-
centrations in heavy metal sensitive barley (Hordeum vulgare
L.) genotypes were obtained in 225 uM Cd application by
Cenkci and Dogan, 2015.

7. Antagonistic-synergistic relationship of Cd with other el-
ements

Due to its chemical similarities, there is an antagonism be-
tween Ca?* and Cd?* cations; therefore, when they co-exist, they
compete with each other in the uptake process in plants. Perfus-
Barbeoch et al. (2002) stated that Cd can also enter plant cells
through Ca channels. Ca has a protective function on the plasma
membrane, and plays a significant role in controlling Cd accu-
mulation in plants. Ca regulates the negative membrane poten-
tial, ensuring the stability and integrity of the cell membrane.
Thus, the application of Ca reduces the total negative charge on
the plant cell membrane and causes a decrease in Cd accumula-
tion (Kinraide et al., 1998).

Cd, which has a very high transition rate from soil to plant
and is very mobile in the soil, can be uptaken by plants in very
low concentrations, especially in Zn deficiency. The possibility
of accumulation in the edible parts of the plant indicates that this
metal has a great danger potential for the environment (Koleli
and Kantar, 2006).

Bioaccumulation of Cd strongly depends on the chemical
properties of aquatic environments. Moreover, Cd accumulation
occurs in a concentration-dependent manner, and some ions
such as Mg?* and Ca?* have protective effects on aquatic organ-
isms against Cd toxicity (Deleebeeck et al., 2008; 2009). These
ions compete with Cd ions and suppress their toxicity (Delee-
beeck et al., 2009; Schlekat et al., 2010).

In addition, it has shown that Zn and Hg reduce the terato-
genic effect of Cd (McCarty, 2012). In the studies conducted on
frogs, it has been determined that Zn prevents the toxic effects
of Cd when they are used together (Othman et al., 2012).

8. Remediation methods of Cd-contaminated soils

Cd can be removed from soils by high-cost purification
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technologies or by a lower cost as well as an easily applicable
method of phytoextraction (remediation of soils with plants,
plants uptake heavy metals from the soil (Ozyigit and Dogan,
2014; Lietal., 2017).

In this technology, natural hyperaccumulator plant species
are generally used. Some genera such as Thlaspi, Urtica, Che-
nopodium, Polygonum and Allyssim are capable of accumulating
Cd, Cu, Pb, Ni and Zn and therefore, the cultivation of the mem-
bers of these genera is considered an indirect method for the
treatment of contaminated soils. Moreover, chelating agents can
be added to increase the solubility of metals with low solubility
in the soil solution. It includes the uptake of pollutants by plant
roots followed by accumulation in above-ground organs and the
destruction of plants by harvesting (Ozyigit and Dogan, 2014).
This technique can be used to remove actively taken micronutri-
ent elements like Cu and Zn and non-nutrient elements such as
Cd, Ni and Pb. Phytoextraction technology can only be applied
for areas where metal pollution is low or moderate since plant
growth cannot be maintained in areas that are heavily contami-
nated (Padmavathiamma and Li, 2007; Goyal et al., 2020).

The rhizofiltration method includes the uptake and reten-
tion of large amounts of nutrients or metal pollutants from liquid
growth media by plant roots. Roots of many plant species grown
in hydroponic environment such as Brassica juncea, Helianthus
annuus and Phaseolus vulgaris can be used to remove toxic met-
als such as Cu, Cd, Cr, Ni, Pb, Zn and U from liquid solutions
(Ozyigit and Dogan, 2014; Shakoor et al., 2017).

9. Cd in foods

Cd and its compounds are widely used in the production of
dye (dyestuff and ink production), glass, textile, electricity, bat-
tery, fungicide, insecticide and synthetic polymers with metal
alloys (Akguc et al., 2008; Osma et al., 2012; Ozyigit et al.,
2016). It has determined that the use of Cd in various industries
causes an increased risk of food contamination of this toxic
metal through soil, air and water and high levels of contamina-
tion in some foods was observed (Hezbullah et al., 2016). It has
demonstrated that cereals, potatoes, leafy and rooted vegetables,
fruits, liquid-solid oils, meat and dairy products can be contam-
inated with Cd. The use of Cd in galvanized zinc-coated pack-
aging together with Zn has shown that such packaging materials
cause poisoning in foods with high acidity. It has been thought
that organic acids in foods increase the solubility of Cd in the
structure of the packaging wall (Filippini et al., 2018). In addi-
tion, Cd that passes to acidic foods can also cause poisoning
(Mohammad et al., 2018; Aslan, 2020).

10. Transport of Cd in human body

Cd usually enters the body via oral, respiratory and skin
routes. With the absorption of Cd entering the body, it binds to
blood cells and albumin, and then it is carried in the blood. It is
initially transported to the liver through blood and then trans-
ported from the liver to the kidneys by binding to globulins for
detoxification (Zhang et al., 2019a). The Cd accumulated in the
kidneys negatively affects the filtration process in the Bowman
capsule. This causes many essential proteins and the necessary
glucose to be excreted with urine (Bobillier et al., 2006). It is
taken into the cell via carrier proteins in the membrane. While it
is taken into the cell, it binds to the carrier proteins similar to
essential metals such as Ca, Cu, Fe and Zn. As a result, there is
a race between them in binding to receptors on the membrane.
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Cd absorption has been reported to increase when people and
animals are fed diets lacking in elements such as Ca, Cr, Fe and
Zn are inadequate in terms of protein (Vahter et al., 2002; Ber-
geron and Jumarge, 2006). Cd, which is absorbed through alve-
oli, intestinal lumen and skin and passed into the bloodstream,
are transported by binding to the proteins containing metallothi-
onein, albumin and thiol groups. They transport Cd to the cells
through receptor-mediated endocytosis (Zalups and Ahmad,
2003). Animal studies and in vitro researches reported that
metallothionein also protects cells against the toxicity of Cd
(Bobillier et al., 2006; Othman et al., 2012).

11. Effects of Cd on animals and humans

It is calculated that the atmosphere in the residential areas
is polluted with an average of 0.001 g m= level of Cd. As a com-
pulsory consequence of this, it has been determined that people
take 0.02 mg of Cd daily. It has been demonstrated that high
inhalation of cadmium oxide (CdO) in the form of smoke causes
lung edema and eventually has lethal effects. In cases of long-
term exposure to Cd, it is determined that some cancer types
such as prostate cancer and especially lung cancer, can be seen
(Person et al., 2013).

Cd metal or its compounds have been shown to cause sar-
coma disease when they are injected intramuscularly or subcu-
taneously (Yongming et al., 2011). Some of the negative effects
of Cd are on Ca metabolism and causes hypercalcemia (higher
than normal Ca level in the blood). In experiments on the effects
of Cd on bone and Ca metabolism, it was reported that the so-
dium-glucose transport system in cortical cells of kidneys was
inhibited (Dongre et al., 2013). In addition, among the skincare
products frequently used by women such as eyeliner, blush, lip-
stick contain Cd and can cause skin cancer (Duruibe et al., 2007;
Pratinidhi et al., 2018).

Cd metal or its compounds have been shown to cause sar-
coma disease when they are injected intramuscularly or subcu-
taneously (Yongming et al., 2011). Some of the negative effects
of Cd are on Ca metabolism and causes hypercalcemia (higher
than normal Ca level in the blood). In experiments on the effects
of Cd on bone and Ca metabolism, it was reported that the so-
dium-glucose transport system in cortical cells of kidneys was
inhibited (Dongre et al., 2013). In addition, among the skincare
products frequently used by women such as eyeliner, blush, lip-
stick contain Cd and can cause skin cancer (Duruibe et al., 2007;
Pratinidhi et al., 2018).

Cd quickly converts to CdO in the air. Inorganic salts such
as Cd (NOs),, CdSO4 and CdCl;, are water-soluble. Acute effects
in respiration are observed when the Cd concentration in the air
exceeds the limit of 1 mg m3. Due to the low excretion of Cd
from the body and accumulation, its negative effects on health
can be observed over time. Industrially, Cd poisoning occurs
with alloy compounds used during welding, electrochemical
coatings, dyes containing Cd and batteries with Cd (Aslan,
2020).

The earliest finding of Cd nephrotoxicity, which is com-
mon in workers exposed to Cd, is tubular dysfunction in the form
of low molecular weight proteinuria. However, the degree of
proteinuria varies over time. It has been suggested that Cd-in-
duced tubular proteinuria is irreversible in many workers for at
least a couple of years (Fay et al., 2018; Chen et al., 2020).

Cd can cause DNA breaks and lipid peroxidation. Studies
have shown that Cd toxicity causes apoptosis in proximal tubule
cells (Wang et al., 2017). One of the important nephrotoxic ef-

16

Front Life Sci RT 1(1) 2020 12-21

fects of Cd is that it causes interstitial fibrosis as a result of tub-
ular cell necrosis and inflammation (Fujiki et al., 2019). Since
Cd shows the highest concentration of liver after the kidneys,
thus determination of its hepatotoxic effects is also very im-
portant (Cao et al., 2017).

It was reported that no Cd-related liver enzyme elevation
or low serum albumin was detected in the case of environmental
Cd exposure (Lavryshyn and Gutyj, 2019; Yaseen, 2019). One
of the early signs of Cd toxicity in the liver is impaired mito-
chondrial function (Okoye et al., 2019). The toxic effect of Cd
on mitochondria is related to the increased glutathione and de-
creased glutathione peroxidase activity by Cd in liver cells rather
than increased permeability of mitochondrial inner membrane
(Abarikwu et al., 2017).

Cd is accumulated within the cell lysosomes, disrupting the
integrity of the lysosomal membrane. The release of lysosomal
proteases and phospholipases initiates a series of events that
cause hepatocyte cytotoxicity (Wang et al., 2019). Acute expo-
sure to gas mixtures containing high concentrations of Cd can
cause fatal acute chemical pneumonia. However, the effects of
chronic Cd exposure on the respiratory system seem to be more
important. Smoking in the community is the most important rea-
son for continuous and low-dose Cd exposure (Oztoprak et al.,
2020; Tao et al., 2020).

Chronically uptake of Cd with either smoking or by respir-
atory tract in occupational risk group workers causes harmful
effects on the respiratory system. The severity and time of oc-
currence of this damage depend on the concentration and dura-
tion of Cd exposure and it is usually seen over the years. It has
been reported that chronic inflammation in the nose, pharynx
and larynx can be developed in workers of Cd industry (Has-
sanin etal., 2017; Prokopowicz et al., 2019). Chronic obstructive
pulmonary disease (COPD) is common in workers exposed to
Cd and smokers. In these patients, the presence of emphysema
has been demonstrated both clinically and radiologically
(Sundblad et al., 2016).

It has been suggested that Cd-mediated apoptosis is sensi-
tive to Clara cells and type Il cells, and this apoptotic effect is
associated with the increase in the p53 and Bax genes (Lee et al.,
2016). Ca metabolism disorders and bone diseases caused by Cd
exposure are seen in the Japanese community, where there is a
regular environmental exposure. The main features of Itai-itai
disease are osteomalacia, which tend to painful bone fractures,
osteoporosis and kidney tubular dysfunction. Cd can be effective
on bones by disrupting calcium phosphate and vitamin D metab-
olism. Bone metabolism disorders have been reported in work-
ers exposed to Cd. Osteomalacia due to Cd can be seen in these
individuals. Chronic Cd exposure has been shown to reduce
bone mass and increase the incidence of bone fractures (Nishijo
et al., 2017a; Browar et al., 2018; Reyes-Hinojosa et al., 2019).

In histological studies, it was found that the application of
chronic Cd caused dilatation in the Havers canals in the bones,
the expansion of the pericellular area and the hyperplastic bone
marrow into the metaphyseal cortical bone. Studies have shown
that chronic exposure to Cd causes an increased risk of osteopo-
rosis and osteoporosis-related bone fractures in both sexes, es-
pecially in older women (Ohta et al., 2000; Nishijo et al., 2017b;
Huang et al., 2019).

In addition to the kidney and liver, Cd is also stored in the
heart. However, compared to kidney and liver, the Cd concen-
tration in the heart tissue is relatively lower. It has been shown
in studies that Cd, causes metabolic and structural disorders in
the heart and plays a role in the etiology of hypertension even in
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low concentrations (Asagba ve Obi, 2004; Bobillier et al., 2006).
This model of hypertension is created by applying cadmium
chloride (CdCl) (1 mg kg™ per day, i.p.) regularly for 2 weeks.
The mechanism of the development of hypertension with the ap-
plication of CdCl; is explained by the fact that Cd metal mimics
the effect of Ca ion with partial agonist effect and its direct con-
tractionary effect on the vascular smooth muscle (Rathod et al.,
1997; Resitoglu et al., 2016).

As a result of many experimental studies, it has been shown
that the application of Cd salts in late pregnancy causes placental
damage as Cd has teratogenic effects such as exencephaly and
hydrocephalus in early pregnancy. In animal embryo cultures,
Cd has been reported to cause reopening of the closed neural
tube (Santoyo-Sanchez et al., 2018; Geng and Wang, 2019;
Kmecick et al., 2019). The human placenta is also sensitive to
toxic Cd activity (Erboga and Kanter, 2016; Zhang et al., 2016;
Geng and Wang, 2019).

Cd can damage the fetus by affecting the metabolism of
other elements such as Cu, Fe, Se and Zn. Smoking is also re-
sponsible for Cd toxicity during pregnancy. The incidence of
low birth weight has increased in infants of smoker mothers, and
there is an increase in placental mass. However, Cd was not
found in breast milk in smoking mothers (Bobillier et al., 2006;
Moynihan et al., 2017; Ali et al., 2018).

As a result of exposure to Cd for a long time, structural and
functional disorders occur, especially in the male and female re-
productive system (Zhang et al., 2019b). Mammal testicles are
very sensitive to Cd as it causes a decrease in sperm motility and
spermatogenesis index (Acosta et al., 2016; Nna et al., 2017).
Testicular necrosis caused by Cd can cause permanent infertil-
ity. Although the molecular effects of Cd on male infertility are
controversial, it has been suggested that chronic Cd application
causes a decrease in fertility by joining sperm chromatin (Imafi-
donetal., 2016; Habib et al., 2019). In recent experimental stud-
ies on female rats, the application of Cd to ovulation has been
shown to inhibit ovulation (Gautam and Chaube, 2018; Yang et
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12. Conclusion

Currently, the use of synthetic fertilizers in agriculture, the
consumption of agricultural products grown in areas contami-
nated with Cd, the use of contaminated drinking water and the
inclusion of fishery products in the diet have made our contact
with Cd inevitable. In addition, the consumption of organs such
as liver and kidneys of grazing animals in contaminated areas
and the consumption of contaminated plant foods, being in en-
vironments with high Cd concentrations for a long time and
smoking are the leading factors in the contamination with Cd.
As mentioned above, prolonged exposure to Cd causes oxidative
damage in blood and liver tissues as well as histopathological
changes, especially in kidney, brain and testicular tissues. As can
be seen from the literature, Cd-related diseases are recently dis-
covered and not well-known before. Thus, it is important to cre-
ate Cd awareness. Conscious choices are crucial in protecting
mental and physical health as well as the health of relationships
and communication between individuals. One of the measures is
to monitor and reduce the Cd level existed in airborne dust par-
ticles in residential areas; creating habitats with minimal dust
particles and combating dust is also a serious measure against
Cd exposure. Important Cd sources that can contaminate soil and
water should be determined and measures should be taken in or-
der to prevent contamination. Furthermore, it is necessary to
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awareness-raising studies about the toxic effects of Cd and other
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The government should inform the public in cooperation with
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Abstract

Pseudomonas aeruginosa is known to be responsible for many antibiotic resistant infections in hospitals. It can regulate its
virulence gene expressions through its QS systems. It is now known that QS inhibition can make bacteria less violent and more
vulnerable. Many natural sources such as bacteria, fungi and plants are known to produce QS inhibitor (QSI) metabolites. This study
aims to investigate the QSI bioactivity of culture extracts obtained from lichen-forming fungi (LFF) of five different Cetrelia species
against P. aeruginosa. Extracts were applied to monitor strains and all samples have shown varying amounts of QS inhibition
activity. Our study demonstrates that LFF cultures can be utilized to produce QSI compounds instead of collecting slow growing
natural lichen thalli. We believe that this research will cast a new light on identification and isolation of active compounds from the
extracts and assessment of their compatibility for future drug research.

Keywords: Quorum sensing; Pseudomonas aeruginosa; secondary metabolites; lichen forming fungi

1. Introduction behaviors such as biofilm production, virulence and motility
(Kostylev et al., 2019).
Pseudomonas aeruginosa is a Gram negative, opportunis- All bacteria communicate with each other via QS, utilizing

tic nosocomial pathogen bacterium associated with multidrug  small diffusible signaling molecules called autoinducers (Als),
resistant infections in immune compromised patients (Jones et leading to sporulation, conjugation, biofilm formation, bacteri-
al., 2009; Lambert et al., 2011; Pachori et al., 2019). P. aeru-  ocin production, bioluminescence, swarming etc. (Li et al.,
ginosa is stated as the leading cause for high mortality rates in  2016). QS is mediated by Al molecules called N-acyl-homoser-
cystic fibrosis patients (Ciofu et al., 2015). ine lactones (AHLSs) in Gram negative bacteria and by autoin-
It can also survive in various environmental conditions due  ducer peptides (AIP) in Gram positive bacteria (Jakobsen et al.,
to its biofilm form, which provides a stable and secure environ-  2013). Autoinducer-2 (Al-2) signal molecules have been de-
ment to resist extreme conditions such as exposure to UV, anti-  tected in both Gram positive and negative bacteria. AHLs dif-
biotics, pH changes or antimicrobial agents (Brackman and  fuse through the cell membrane and bind to regulatory proteins
Coenye, 2015). Therefore, it is imperative to prevent the ability  within the cell in Gram negative bacteria including P. aeru-
to develop biofilms, especially in antibiotic resistant strains in  ginosa.
hospitals. P. aeruginosa employs cell-to-cell signaling mecha- The AHL-mediated QS system has been well characterized
nism called quorum sensing (QS) to regulate its physiological in P. aeruginosa, which has two main QS systems called LasIR
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and RhlIR. Lasl produces N-(3-oxododecanoyl)-L-homoserine,
lactone (3-0x0-C12-HSL) and Rhll produces N-butanoyl ho-
moserine lactone (C4-HSL). These signal molecules accumulate
in the surrounding milieu and activate transcriptional regulators
LasR and RhIR. Pseudomonas quinolone signal (PQS) system is
believed to act as a mediatory between LasIR and RhlIR QS sys-
tems (Diggle et al., 2003; McGrath et al., 2004).

The novel approach by employing quorum sensing inhibi-
tors (QSIs) provides a fighting chance against bacteria before
they develop antibiotic resistance (Hentzer et al., 2003). It is
shown that inhibiting QS can leave bacteria vulnerable (Zeng et
al., 2008). It is expected that natural metabolites can suppress
QS systems of bacteria and thus they are a noteworthy source
for drug materials (Paczkowski et al., 2017). In a recent study,
Ahmed etal., (2019) have shown that trans-cinnamaldehyde and
salicylic acid inhibit P. aeruginosa QS and thus reduce its viru-
lence.

Lichens are complex organisms consisting of algae or cya-
nobacteria (photobiont) living together with fungi (mycobiont)
in a symbiotic relationship. They are found in a wide range of
habitats and synthesize chemically diverse organic compounds
derived from primary or secondary metabolism (Molnar and
Farkas, 2010). Secondary metabolites have importance in ethno-
botany for their medicinal properties (Lal and Upreti, 1995; Mal-
hotra et al., 2008). More than 1050 secondary metabolites are
known, and their bioactivities such as antitumor, antibacterial,
antifungal, antiviral, anti-inflammatory and antioxidant activi-
ties have been demonstrated (Molnar and Farkas, 2010; Shukla
et al., 2010). It has been explained that lichens are promising
candidates for discovering novel QSls (Gokalsin and Sesal,
2016).

The lichen genus Cetrelia W.L. Culb. & C.F. Culb. belongs
to lichenized fungi Parmeliaceae family. Like most secondary
metabolites in lichens, the production of these compounds are
regulated by polyketide synthase (PKS) of mycobiont counter-
part. It is assumed that culturing the lichen forming fungi (LFF)
has better potential for producing secondary metabolites in la-
boratory conditions than harvesting lichen thalli in nature.
Therefore, for this study LFF cultures of five Cetrelia species
were obtained from Korean Lichen & Allied Bioresource Center
(KoLABIC), Sunchon National University, Korea, to investigate
their QS inhibition potentials against P. aeruginosa. For this
purpose, extracts were obtained from LFF cultures of Cetrelia
species, and fluorescent monitor strains of P. aeruginosa were
utilized for inhibition analyses.

2. Materials and Methods
2.1. Bacteria strains

P. aeruginosa lasB-gfp and rhlA-gfp biomonitor strains
were employed to quantify QS inhibition (Hentzer et al., 2002;
Yang et al., 2009). They contain promoters for two main QS sys-
tems that produce green fluorescent protein (GFP). The bacteria
were grown in LB, and the QS inhibition assays were conducted
with M9 minimal media (with 2.5 mg/l thiamine, 0.5% glucose,
0.5% casamino acids).

2.2. LFF isolation and cultures
Spore-discharge method (Yamamoto, 2002) was used to

isolate the LFF from five Cetrelia species: Cetrelia japonica, C.
olivetorum, C. braunsiana, C. chicitae and C. delavayana. All
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lichens were collected and the fungi were isolated by KO-
LABIC. Culture information is shown in Table 1.

Table 1
Information on lichen collections and their LFF cultures with the ap-
plied extract concentrations.

. KoLABIC ~ Extract
. Collection concen-
Lichen name Country No. .

No. (Lichen) trations

(ng/ml)
Cetrelia japonica 30397 Korea 330 65
C. olivetorum CHO050076 China 3725 33.3
C. braunsiana 40425 Korea 1203 24.7
C. chicitae TWO090067 Taiwan 9612 16.7
C. delavayana 06-26823 China 8128 16

2.3. Preparation of LFF extracts

Approximately 1 g fresh weight mycelia were inoculated
to malt-yeast agar plates. Grown LFF were then gently crushed
and transferred into malt-yeast medium. All LFF samples were
cultured at 18°C for 3 months (150 rpm shaking). Culture media
were filtered and the filtrates were extracted by ethyl acetate 3
times. Solvents were removed using a rotary evaporator, and the
powder extracts were weighed.

2.4. Pseudomonas aeruginosa QSI screens

QS inhibition assays were performed according to
Bjarnsholt et al., (2010), with slight modifications. In short, M9
media (with 2.5 mg/l thiamine, 0.5% glucose, 0.5% casamino
acids) were added to clear bottom black 96-well plates and two-
fold serial dilutions of the extracts were prepared. Strains grown
overnight were then added to obtain a final OD of 0.1 at 450 nm.
Applied concentrations of the LFF extracts are shown in Table
1. Absorbance (450 and 600 nm) and fluorescence intensities
(Ex: 485 nm, Em: 535 nm) were measured using a microplate
reader (Cytation 3, Biotek), every 15 minutes, with constant
shaking (180 rpm) at 36 °C for 16 hours.

2.5. HPLC Analysis

Ethyl-acetate extracts were analyzed by HPLC (LC-10AT,
Shimadzu, Japan) under following conditions: Acetonitrile
(ACN) in 0.1% trifluoroacetic acid (TFA) gradient; solvent,
Methanol:Chloroform (1:1, v:v); 1 ml/min flow rate; photodiode
array detector (range 180-700 nm); detecting wavelength: 254
nm.

3. Results
3.1. QSI activity

LFF extracts obtained from five different Cetrelia species
were applied to the monitor strains with the final concentrations
as shown in Table 1. According to the results, all extracts have
shown QSI properties on the monitor strain lasB-gfp and rhlA-
gfp (Fig. 1-2).

The results are means of 3 individual experiments. Com-
pared to untreated groups, the highest QS inhibition was ob-
served in the LFF extract of C. braunsiana (approximately
63.8% for las and 52.6% for rhl system). Other samples also
show similar inhibition percentages at different concentrations.
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Fig. 1. Dose response curves of lasB-gfp monitor strain treated with LFF extracts obtained from different Cetrelia species. Data are shown as
Relative Fluorescence Unit over Optical Density of 450nm. (A) C. braunsiana, (B) C. chicitae, (C) C. delavayana, (D) C. japonica and (E) C.

olivetorum.

Results are presented as relative fluorescence unit (RFU) over
absorbance to take minor growth inhibition rates into account.
Descriptive statistics were used in this study.

2.3. HPLC Analysis
According to 16™ minute retention time of HPLC, a com-

mon absorbance peak was detected in all extracts except C. chi-
citae. Results are shown in Fig. 3.
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4. Discussion

P. aeruginosa continues to be a major cause of nosocomial
infections in hospitals. It can detect its surrounding population
using a signal system called QS and collectively res-pond to this
information by regulating its virulence gene expressions (De
Kievit, 2009). Employing QSlIs proved that biofilm formation
and virulence can be inhibited and provide a fighting chance
against bacteria (Hancock and Speert, 2000).
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Fig. 2. Dose response curves of rhlA-gfp monitor strain treated with LFF extracts obtained from different Cetrelia species. Data are shown as
Relative Fluorescence Unit over Optical Density of 450nm. (A) C. braunsiana, (B) C. chicitae, (C) C. delavayana, (D) C. japonica and (E) C.

olivetorum.

Many effective QSIs have been discovered to this day
(Azimi et al., 2012; Truchado et al., 2012; Al-Ani et al., 2015;
Savo et al., 2015). New potential QSls from lichen biosources
would expectedly aid this possible alternative treatment method.

This study aims to investigate the QSI bioactivity of ex-
tracts obtained from LFF cultures of five Cetrelia species
against P. aeruginosa. For this purpose, concentrations of ethyl-
acetate extracts were applied to GFP producing monitor strains
lasB-gfp and rhlA-gfp to observe QS inhibition. According to the
results, all LFF isolates in this study have shown QSI properties
with varying amounts. This means that every Cetrelia species in
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this study contains secondary metabolites that are biologically
active against P. aeruginosa QS; although it is debatable if
they’re the same or similar compounds. According to HPLC
analyses, a common compound exists in the LFF extracts of C.
japonica, C. olivetorum, C. braunsiana, and C. delavayana. This
unidentified compound might be the reason for QSI activity in
these extracts. However, the amount of this compound in each
species would most certainly change resulting in varying QS in-
hibition properties.

In a study, Savale et al., (2016) have shown that methanol
extracts of C. olvietorum and its culture has antimicrobial pro-
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Me-OH_Chloroform

Fig. 3. HPLC chromatograms of ethyl-acetate extracts from Cetrelia LFF.

chicitae (RT = 16 min).

perties against P. aeruginosa at 103.44 pug/mL. In this study, ap-
plied concentrations of LFF extracts had no effect on bacterial
growth. Furthermore, several studies demonstrate antioxidant
and other biological activities of Cetrelia genus. However, the
number of QS inhibition studies on lichen substances are limited
(Fernandez-Moriano et al., 2015; Shrestha, 2015; Yamamoto et
al., 2015; Gokalsin et al., 2019). This study presents the QSI po-
tential of lichen metabolites that Cetrelia LFF contain.
Industrial scale production of LFFs present a serious chal-
lenge for now. Therefore, the amount of extracts one can obtain
may vary. Moreover, the solubility of the crude extracts also
changes according to lichen species. Due to limited amount of
extracts and their solubilities, concentrations of each sample are
different in this study. However, the concentrations of bioactive
metabolites that cause the QS inhibition in crude extracts can
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Abstract

One of today’s main problems is the destruction of the ecosystems by human influence. In conjunction with the industrializa-
tion, increasing population and the number of factories has a negative impact on the natural vegetation of biotopes. To measure the
intensity of this destruction, universally recognised hemeroby scale is used. Izmit, which is also an industrialized town and was
reborn from its ashes after a major earthquake in 1999 has similar ecosystem problems. This study’s primary aims are; (1) ldentifying
the biotope in Izmit’s terrestrial (=railway and highway) transportation areas, (2) Comparing with the transportation areas of Ana-
tolian side of Istanbul in A2 region, (3) Examining the causes of differences, (4) Additionally, revealing the floral structure of the
city in transportation areas. According to the results of the study, the biotope type distributed in the terrestrial transportation areas
of the city of Izmit is compared to the biotope type of the terrestrial transportation areas in the Anatolian side of Istanbul in A2
region. The causes of the differences observed are examined and the flora of the transportation areas of the city was revealed.
According to our results, it’s understood that these biotope types have different hemeroby degrees. Obtained results were compared
with the results of similar studies from cities in Turkey as well as some European cities and the observed differences were evaluated.
Additionally, flora of transportation areas of the city has been broadly revealed. Also, suggestions were made on the ecological basis
of the city in the future, about the measures to be taken to protect the existing flora and the sustainability of the developing biotopes.

Keywords: Lzmit; urban; hemeroby, transportation areas, ecology; roads

1. Introduction neighbouring the Izmit Bay and to the North Black Sea coast
with steep slopes (Fig. 1). Its neighbouring cities are Sakarya to
Kocaeli, is an important city with numerous ships calling  the east, Istanbul to the West and Bursa and Yalova to the South

at its” harbours, smoking factory chimneys, rapidly increasing (Mapsworld, 2020; Municipality, 2020).
population where the distribution of goods were mainly made by Kocaeli has a population of 1.953.035 living within an area
sea and roads. Thus, the city showed a heterogeneous urban de-  of 3.505,27 km?2. Population density is 588 people/km?. 30° East
velopment. Turkey is the 18" most populous country in the longitude is considered as local time reference for Turkey. [zmit
World and Kocaeli is Turkey’s 10" most populous city whereas s the central district of Kocaeli province out of 12 total districts.
it is ranked 1% as the most industrialized port city in Turkey. Izmit’s population is 363.416 living within an area of 480 km?,
However, it shows both the positive and negative aspects of in-  The population proportion of Izmit to the population of Kocaeli

dustrialization (Basaran et al., 2020; Governorship, 2020). province is 1/5.25 which means that there is a dense (clustering)
It is located in North western Turkey between 40°-41°N  urbanization in Izmit (Municipality, 2020; Nufusu, 2020).
latitudes and 29°-31°E longitudes. Kocaeli is situated at the east The city named as Bithynia in ancient period (1200-800

end of Marmara Sea and Marmara Region. To the South it’s  BC) and was also known as Astakoz (712-711 BC), Olibia (326-
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279 BC, Nicomedia (named after king of Bithnia; Nicomedes)
(280-94 BC), iznikomid, iznikmid (Ottoman), izmid, izmit,
Kocaeli (1924-Today) respectively throughout the history
(Erken, 2015; Municipality, 2020).

[zmit, like a phoenix reborn from its ashes managed great
comebacks after mega earthquakes and city-wide devastating
fires (24 August 358, December 362, 17 August 1999 earth-
quake). The plague of 1592 halted all the transportation activi-
ties in the city for over 6 months. The city will surely get over
the Covid-19, 2020 pandemic like it did before. During the
course of the pandemic, Izmit continued its transportation activ-
ities both in the sea and land routes. The social and commercial
life started to get revived after the construction of Haydarpasa-
Ankara railroad in 1873 (Beyhan, 2007; Municipality, 2020).

b-Darnca
¢-Sapanca Golu

Fig. 1. Study area Izmit’s location within Kocaeli province.

When the landforms are considered, the highest point of
Samanli Mountains is Keltepe (Kartepe) with its height reaching
1601 metres. Other important mountains in the province are Dik-
men Mountain (1387 m), Naldoken Mountain (1125 m), Naz
Mountain (917 m) and Cene Mountain (646m). The prominent
plains are the flatlands between Izmit city and Sapanca Lake,
along with Dilovasi. The parts of Kocaeli peninsula, which is a
peneplain, within the borders of the province are composed of
wavy flatlands (Semerci, 2003).

Some of the waters originating from the provincial lands
flow into the Black Sea whereas some of them flows into the Sea
of Marmara. Since the mountain ridges extending into Kocaeli
Peninsula are closer to the Sea of Marmara, the rivers flowing
into the Black Sea are longer (Beyhan, 2007).

The distribution of total land assets according to soil groups
and consequently land use capability, top three spots are lime-
free Brown forest soils (70.56%), rendzina soils (15.89%) and
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alluvial soils (4.65%) (Beyhan, 2007; Severoglu et al., 2011).

Kocaeli is a transition zone between Mediterranean climate
with little rainfall and Oceanic climate. It’s rainy in summer with
high temperatures. Mean temperature of Izmit is around 14.4 °C
(30-year average). Rain can be seen in all months throughout the
year in Kocaeli but January and December are generally rainy
months. The precipitation regime type is W.A.S.S. (winter, au-
tumn, spring, summer). The precipitation type falls into the cat-
egory of Central Low Rainfall Mediterranean Precipitation Re-
gime (Koppen and Geiger, 1954; Akman, 1990).

The mean temperature during the vegetation period in
Kocaeli province (March 15-December 15) is 17.02 °C as seen
in Table 1. Total mean rainfall of Kocaeli province is
62.25mm/year 35.74% of which falls during winter. Months
with the most fruitful rains are December and January. 14.72%
of the entire year’s rainfall happens during the summer period.
July and August have the least rainfalls with 9.1%. Spring pre-
cipitation is 22.08% whereas during the fall this increases to
27.44%. Snowfall is also but rarely seen.

According to the Turkish State Meteorological Service ob-
servation records of Kocaeli province, the monthly average rel-
ative humidity is at its lowest in June with 66.2% and highest in
January with 75.8% and the annual mean relative humidity of
Kocaeli province is 71.7%, number of mean yearly foggy days
is 17.1, the annual average number of days with snow is 17.2,
mean number of days with hailstorms is 0.8, mean number of
days with frost is 14.1, annual average number of days with
thunderstorms is 21 and the maximum snow cover thickness is
74 mm (Meteorology, 2020).

According to the Tubives (Turkish Plants Data Service)
2020 records, there are 344 taxa in Kocaeli province. Our prov-
ince however, sees 950 species and subspecies spread across the
province. 11.75% of these taxa belongs to Asteraceae, 8.94% to
Fabaceae, 7.76% to Poaceae, 5.93% to Lamiaceae, 3.77% to
Scrophulariaceae, and 3.77% to Rosaceae (Beyhan, 2007).

The number of vascular plants in Europe is 12500 and 28%
of these plants are endemics. Turkey is one of the richest coun-
tries in terms of flora with 9996 plant species belonging to 1320
genus and 167 families. The diverse flora of Kocaeli was studied
by many researchers. Evaluation of plants spreading in Kocaeli
in terms of endemics and danger classes (Ozen and Acemi,
2011), Flora of Hereke, Kocaeli (Kose and Ozen, 2017) are two
of these studies. Also numerous studies were carried out in urban
and countrysides (Yarci and Ozcelik, 2002; Yarci et al., 2007;
Altay et al., 2010a, 2010b; Osma et al., 2010; Severoglu et al.,
2011; Eskin et al., 2012). Also, there are similar studies both in
Turkey and Europe. Altay et al., (2015) studied railroads be-
tween Haydarpasa and Gebze can be cited as an example. Simi-
lar studies in Europe were also carried out in North Germany
(Brandes, 1984), Trento-Italy (Brandes, 2003a) and Strasburg-
France (Brandes, 2003b).

Table 1
Temperature and precipitation values of Kocaeli province (Meteorology, 2020).
January February March  April  May June July August September October November December
Meazlg)emp' 58 6.2 8 125 175 215 234 233 19.9 158 11.9 8.2
M'”('egmp 27 29 41 77 119 156 179 18 146 14 8 49
Max(;g)emp 8.9 96 12. 174 226 269 289 287 253 202 15.8 115
FIEEIIETT 90 69 65 53 47 42 31 37 54 70 81 108
(mm)
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Yolova

Fig. 2. Istanbul-Adapazari 2019 up-to-date routes of Turkish State Railways (TCDD,

Table 2
Hemeroby Scale (Jalas, 1955; Sukopp, 1976; Kowarik, 1988; Kowarik,
1990).

Hemeroby Step

Location /Vegetation

Practically non-existent in Europe (High moun-
tains at the very most)

Flat or tall but dense forest without any affects.
Swamps, rock and seaside vegetation.

Extensive, water-free wetlands. Areas with fever
woody plants, some wet meadows.

Commonly used forests, undisturbed secondary
forests, grasslands of anthropogenic regions, tra-
ditionally used meadows.

Culture woods comprising single tree species (eg.;
memorial forests). Secondary forests, ruderalized
dry meadows with sparse vegetation cover.
Young forests, dense grasslands and meadows, ru-
deral high shrubs vegetation’s strongly ruderal-
ized dry meadows in anthropogenic regions.
Traditional segetal vegetation comprising single
tree species, trampled lawns, ruderal meadows.
Fields and gardens worked intensely.

Field vegetations treated strongly with pesticides
(eg; corn fields), ruderal primary vegetation, and
trampled grasses.

Pioneer vegetation in railroads, garbage and slag
dump sites, salt-spread roads

HO ahemerob
H1 oligohemerob

H2 oligomesohemerob

H3 mesohemerob

H4 mesofeuhemerob

HS5 B-euhemerob

H6 B-eu a-euhemerob

H7 a-euhemerob

H8 a-eu polyhemerob

H9 polyhemerab

The expected hemeroby degree near railroads and land roads is H9
polyhemerob.

2. Materials and methods

This study was carried out in 2002-2006 vegetation period
with plants collected from near Izmit’s railroads and roads. Iden-
tifications and evaluations were made with known botanical
methods according to Davis 1965-1985 and Davis et al., 1988.

Mapping was done according to Kunick (1987). Identifica-
tion and classification studies of dried plant samples were car-
ried out in MUFE (Marmara University, Faculty of Science and
Arts Herbarium in Istanbul-Turkey) using “Flora of Turkey and
the East Aegean Islands” with its supplements (Davis, 1965-
1985; Davis et al., 1988; Guner et al., 2000). The flora is listed
alphabetically by family, genus and species and given in Appen-
dix.

Anthropocentrism (Angeles, 1981); the understanding that
everything serves humanity, is dominant in societies raised with
a human-centric environmental awareness. For this reason, as
long as we continue exploiting the nature, environmental dam-
age by the hands of humans will continue to increase. In our
study, the degree of destruction caused by human effects in land
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2020).

transportation areas was evaluated according to the hemeroby
scale (Jalas, 1955; Sukopp, 1976; Kowarik, 1988; Kowarik,
1990). Mapping works were carried out for the taxa located
within 3 meters of transportation areas in Izmit (Kunnick, 1987).

2.1. Studying biotypes of terrestrial transportation areas in
Tzmit

Roads assume an important role in physical structure of cit-
ies by providing movement of people and any type of transpor-
tation used by people. Today, roads along with limited open and
green areas, build up the breathing spaces in the city (Sayar,
1998). We will classify and examine the biotopes that we deter-
mined within Izmit as “Terrestrial Transportation Areas” as
“railroads” and “motorways”.

2.1.1. Railroads

Kocaeli province has 68 km of railroads as of today (Fig.
2). The new train station building of izmit has opened to public
in 29 July 1999 and the railroads started operating on this new
route since then. The railroad mainlines which used to extend at
a 90° angle to the motorway and shoreline, now runs along the
shoreline parallel to the motorway (Fig. 3) (Municipality, 2020).

Fig. 3. Vegetation on and around the railroad in {zmit.

In Izmit, in the area called “(Demiryolu) Hiirriyet Caddesi”
old rails were removed, new cobblestones were laid, making
walkways for pedestrians while large trees like sycamores were
carefully preserved and labelled by “High Council of Monu-
ments” (Fig. 4) (Beyhan, 2007).
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Fig. 4. Old railway route, converted to pedestrian walkways by laying
cobblestones in Izmit.

In izmit, not all biotope types that we described as “Trans-
portation Areas” have the same degree of hemeroby. Railways,
being one of the main elements of transportation areas, repre-
sents hemeroby characteristics between Polyhemerob-Me-
tahemerob (Beyhan, 2007; Altay et al., 2015).

2.1.2. Motorways

Within the borders of Kocaeli province, there are 249 km
of state motorways; 180 km of which is asphalt and 69 km sur-
face coated. 49 km are divided roads. Additionally, there is 207
km of provincial roads. The main arteries are TEM (Trans Eu-
ropean Motorway) and D-100 (E-5) motorway.

The most common taxa in the vegetation on roadsides and
refuges are Nerium oleander L., Acer pseudoplatanus L., Plata-
nus orientalis L., Cupressus sempervirens L., Hordeum
murinum L., Raphanus raphanistrum L.

Apart from this, planted woody taxa and the regions natural
taxa are seen in Transportation Areas. “Motorways; Asphalt,
Transit roads” which we have evaluated within the scope of
Transportation Areas, on the other hand, shows Euhemerob
characteristics. When analysed descriptively, the obtained re-
sults are better than the value shown on the hemeroby scale
(Beyhan, 2007).

3. Results and discussion

In our study, conducted in izmit region, naturally occurring
80 taxa, 32 families, 64 genera (60 species, 12 subspecies, and 8
varieties) that grows spontaneously around transportation areas,
were identified. Among them, 70 species are dicots and two spe-
cies are monocots (Table 3 and Supplement).

Table 3
Monocot (geophytes) and dicot ratios.
Monocots Dicots
Taxon Number % Number % Total
Family 1 3.12 30 93.75 32
Genus 1 1.56 56 87.5 64
Species 2 4 69 86.25 80

There are only two monocot species here, which are Mus-
cari commutatum Guss. and Muscari parviflorum Desf. (As-
paragaceae, belonged to Liliaceae previously) and constitutes
4% of total species. Dicots on the other hand, constitute 86.25%
of total species. If we rank the families according to the number
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of species they contain; the ranking will be as, Asteraceae (13
species, 16.25%), Poaceae (9 species, 11.25%), Brassicaceae (8
species, 10%), Fabaceae (8 species, 10%), Plantaginaceae (3
species, 3.75%), and Geraniaceae (3 species, 3.75%) (Table 4).

Table 4
Ratios of richest families found in Izmit’s transportation areas.
Genera (64) Species (80)
Family Number % Number % Sp./ngus
ratio

Asteraceae 10 15.62 13 16.25 13
Poaceae 7 10.93 9 11.25 1.28
Plantaginaceae 1 1.56 & 3.75 &
Brassicaceae 8 12.5 8 10 1
Fabaceae 5 7.81 8 10 1.6
Geraniaceae 2 3.12 3 3.75 15

As can be seen from Fig. 5, families with higher number of
taxa are determined as; Asteraceae (16.25%), Brassicaceae
(12.5%), Poaceae (11.25 %), Fabaceae (7.81%), Plantagina-
ceae (3.12%), and Geraniaceae (3.12%). These values are pro-
portionally accurate when the general vegetation and flora com-
position is taken into consideration.

Ratio of richest families found in Izmit
transportation areas

= Asteraceae

Asteraceae
16%

Brassicaceae

Poaceae

Brassicaceae
12%

Others

47% Fabaceae

\\

= Geraniaceae

Poaceae

11% = Plantaginaceae

SO
N\\\\\ e

|

Plantaginaceae
3%

Fabaceae » Others

8%

O Fadgms

niaceae
3%

@
=

Fig. 5. Pie diagram of taxa distribution ratios of richest families in
Izmit transportation areas.

Asteraceae has the highest number of species and a spe-
cies/genera ratio of 1.3, whereas Brassicaceae has the lowest
species/genus ratio of 1. This ratio is higher in other families.
The ratios of other families are as follows; Poaceae (1.28), Ge-
raniaceae (1.5), Fabaceae (1.6), Plantaginaceae (3). According
to previous studies carried out in A2 region, Asteraceae family
is the richest in terms of number of species when compared with
other families (Altay et al., 2015). In one of studies regarding
Asteraceae, Pietrzyk reported abundant Asteraceae species on
the side of railroads and that they cause allergies (Pietrzyk et al.,
2019). Another one from England studied railroad side habitats
(Marshall, 2018). Borda-de-Agua et al., (2017) suggested that
the difference in the diversity of the species on left and right
sides of the railways is due to Asteraceae members creating a
barrier for other living things. It is kind of a transition zone since
it prevents spreading (ecotone).

Pavlova and Tonkov (2005) mention that Asteraceae fam-
ily is observed at a high rate in central Europe. This proves the
success of the family in dispersal and survival. Yarci et al.,
(2007) recorded a similar distribution when he studied the veg-
etation of historical areas and buildings in Edirne. According to
Davis, (1965-2000) Asteraceae family demonstrates success at
similar levels all around Turkey.

When we examine the table, Brassicaceae family seems to
be very rich in Izmit compared to other locations. The reason
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may be that our study comprises both railroads and motorways
whereas other studies comprise railroads. Also, Andrzeiowskia
cardaminifolia (DC.) Prantl., which is a very rare plant, was also
detected in transportation areas. This taxon was normally regis-
tered in grids A2, A5, A6, C3 in Istanbul, Antalya and Samsun,
and can be seen in Russia, Greece and W. Syria (Beyhan, 2007).

Table 5

Comparing percentages of richest families in Izmit with studies from
Haydarpasa-Gebze (Altay et al., 2015) and European cities. Refer-
ences: Northern Germany (Brandes, 1984), Trento-Italy (Brandes,
2003a), Strasburg-France (Brandes, 2003b).

Haydarpasa

Family Gebze izmit  Germany Italy  France
Asteraceae 14.37 16.25 17.07 1486  18.42
Poaceae 10.34 11.25 15.85 16.21  12.28
Brassicaceae 4.02 10 4.87 4.05 3.50
Fabaceae 12.64 10 121 5.40 3.50

Consequently, natural vegetation is desired to be kept un-
der control by the use of herbicides near roads. However, if herb-
icides are used uncontrollably, they may cause damage to natural

Appendix

List of Flora (Taxa found in Izmit terrestrial transportation
areas)

APIACEAE
Tordylium apulum L.

APOCYNACEAE
Nerium oleander L.

LILIACEAE
Muscari commutatum Guss. G.
Muscari parviflorum Desf.

ASTERACEAE

Bellis perennis L.

Calendula arvensis L. Th.

Circium creticum (Lam.) d’Urv. subsp. creticum H. E. Medit.
Cichorium inthybus L. Ch. E. Medit.

Crepis aurea (L.) Cass. subsp. olympica (C. Koch.) Lamond
Crepis armena DC.

Crepis reuterana Boiss. subsp. reuterana

Doronicum orientale Hoffm.

Pulicaria dysenterica (L.) Bernh.

Senecio taraxacifolius (Bieb.) DC. var. taraxacifolius
Senecio vulgaris L. Th.

Sonchus arvensis L. subsp. uliginosus (Bieb.)Beg.
Taraxacum officinale Wiggers Ch.

BETULACEAE
Carpinus betulus L.

BRASSICACEAE

Arabidopsis thaliana (L.) Heynhold

Arabis brachycarpa Rupr.

Capsella bursa- pastoris (L.) Medik. Th. Cos.

Calepina irregularis (Asso) Thellung

Cardaria draba (L.) Desv. subsp. chalepensis (L.) O.E.Schultz
Andrzeiowskia cardaminifolia (DC.) Prantl.
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vegetation and we must protect our ecological treasures.

Highways, land roads and railroads act as ecological corri-
dors. They form synthetic corridors. Bushy plants are tested to
be helpful and successful in preventing events such as landslides
and floods (Shi et al., 2018). Extensive use of concrete structures
should be prevented, the natural vegetation should be preserved
and allowed to spread. Thus, undesired events such as floods and
landslides in cities can be reduced. Sides of highways and rail-
roads can also assume the role of forming a green belt encom-
passing the city (Altay et al., 2015).

In order to create a solution here, younger generations
should let go the human centric (Anthropocentrism) approach
(Angeles, 1981) and start serving for the revitalization of the na-
ture. The course of Covid-19 the humanity is enduring will likely
help us understand the importance of balance in the nature. The
consciousness for environmental protection, reduced consump-
tion, reusing and recycling; and acknowledging the nature and
developing empathy for nature should be popularized.

The future of humanity is entrusted to a sustainable envi-
ronment, not an environment with all of its resources dried and
drained.

Neslia apiculata Fisch. Th. Wid.
Raphanus raphanistrum L.

BORAGINACEAE
Anchusa arvensis (L.) Bieb. subsp. orientalis (L.) Nordh
Echium plantagineum L.

CARYOPHYLLACEAE

Moenchia mantica (L.) Bartl. subsp. mantica

Stellaria media (L.) Vill. subsp. pallida (Dumort.) Aschers. &
Graebn.

Cerastium glomeratum Thuill Th. Cos.

CONVOLVULACEAE
Convolvulus arvensis L. H. Cos.

CUCURBITACEAE
Ecballium elaterium (L.) A. Rich. H, Medit.

EUPHORBIACEAE

Euphorbia helioscopia L. Th.
Euphorbia exigua L. var. retusa L.
Euphorbia lathyris L.

FABACEAE

Hymenocarpus circinnatus (L) Savi.

Robinia pseudacacia L.

Trifolium stellatum L. var. stellatum

Trifolium striatum L.

Trifolium bocconei Savi

Medicago polymorpha L. var. vulgaris (Benth.) Shinners
Medicago marina L.

Vicia sativa L. var. sativa

GERANIACEAE

Geranium rotundifolium L.
Geranium lanuginosum Lam.
Erodium malacoides (L.) L’Herit.
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HIPPOCASTANACEAE (SAPINDACEAE)
Aesculus hippocastanum L.

LAMIACEAE
Lamium amplexicaule L. T. Euro.- Sib.

LINACEAE
Linum austriacum L. subsp. austriacum

MALVACEAE
Malva sylvestris L. H.

MORACEAE
Ficus carica L. subsp. carica Ph, wid.
Morus alba L.

MYRTACEAE
Myrtus communis L. subsp. communis

OLEACEAE
Ligustrum vulgare L. Ph, Euro.- Sib.
Phillyrea latifolia L. Ph, Medit.

OXALIDACEAE
Oxalis articulata Savigny

PAPAVERACEAE
Papaver macrostomum Boiss. & Huet.ex Boiss.

PLANTAGINACEAE

Veronica hederifolia L.

Veronica pectinata L. var. pectinata
Veronica polita Fries.

PLATANACEAE
Platanus orientalis L.
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POACEAE

Hordeum murinum L. subsp. leporinum (Link) Arc. var. simu-
lans Bowden

Hordeum distichon L.

Hordeum vulgare L.

Bromus diandrus Roth.

Agrostis stolonifera L.

Alopecurus vaginatus (Willd.) Boiss.

Lolium perenne L.

Melica ciliata L. subsp. magnolii (Gren & Godr) Husnot.
Phleum echinatum Host.

PORTULACACEAE
Portulaca oleracea L.

RANUNCULACEAE
Ranunculus marginatus d’Urv. var. marginatus

ROSACEAE
Rubus sanctus Schreber.

RUBIACEAE
Galium tricornutum Dandy

SALICACEAE
Salix babylonica L.

SOLANACEAE
Solanum nigrum L.

URTICACEAE
Urtica dioica L.

VITACEAE
Vitis vinifera L.

Abbreviations: Ph=phanerophytes; Ch=chamaephytes; H=hemicryptophytes; Th=therophytes; G=geophytes; Euro.-Sib.=Euro-Si-
berian; Ir.-Tur.=Irano-Turanian; Medit.=Mediterranean; E. Medit.=East Mediterranean; cos.=cosmopolitan; wid.=widespread
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Supplementary

Display of taxa on the map, that are common on transects.

Localities with species
existing across the
transection

- Localities with species
. . D not present across the
Platanus orientalis L. B transection

Suppl. Fig. 2. Platanus orientalis L.
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Localities with species
existing across the
transection

Rubus sanctus L. var. sanctus Schreber o )
Localities with species

D not present across the

.
y - transection

Suppl. Fig. 3. Distribution of Rubus sanctus L. var. sanctus Schreber in Izmit

Suppl. Fig. 4. Rubus sanctus L. var. sanctus
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Suppl. Fig. 6. Hordeum murinum L. subsp. leporinum (Link.) Arc. var. simulans Bowden
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Localities with species
existing across the
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Abstract

In this study, the heavy metal pollution and its accumulation effects in soil is the major cause. The magnitude and distribution
of heavy metal pollution in Istanbul has been investigated by taking soil and plant samples from urban intersections and refuges
defined as passive green areas in Atasehir, Beykoz, Kadikdy, Kartal, Maltepe and Pendik, Sancaktepe, Sultanbeyli, Umraniye and
Uskiidar districts of Anatolian Side of Istanbul Province. Within this scope, 205 leaf samples (3 needle-leaved) and 170 soil samples
were collected from 2 different depths (0-20 cm and 40 cm) and samples taked from 17 different passively green area locations.
Concentrations of heavy metals such as cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn), which
cause pollution in the samples were measured using the ICP-OES (Inductively Coupled Plasma-Optical Emission Spectrometer)
instrument. The average Cd, Cr, Cu, Ni, Pb and Zn levels for 0-20 cm depth in soil samples were; 6.03, 55.72, 38.01, 48.59, 32.69,
90.30 mg kg*. For 20-40 cm deep soils, mean values were determined as 6.10, 55.66, 35.11, 49.75, 33.51, 83.85 mg kg, respec-
tively. Results show us more than one point samples in different depths and locations exceeded excepting limit values almost every
heavy metal.

Keywords: Soil pollution; roadside soils; roadside plants; Istanbul

1. Introduction

Under the conditions of rapid urbanization and industriali-
zation, heavy metals are being introduced into the soil environ-
ment via atmospheric and water pathways, which is causing an
increase in soil heavy metal pollution (Agomuo and Amadi,
2017). Also, air pollution, one of the types of environmental pol-
lution, is a serious problem all over the world threatening the
health of all living things through the development of industrial
activities. And from the 1900s onwards, heavy metal pollution

* Corresponding author.
E-mail address: huseyin.ozdemir@cityair-tr.eu (H. Ozdemir).

Received in 15 August 2020; Accepted 24 September 2020
Available online 29 September 2020
© 2020 Dergipark. All rights reserved.

especially from vehicle emissions seems to have increased sig-
nificantly (Hawkins et al., 2020). In this context, air pollution
can be defined as the presence of pollutants in various forms
such as ash, dust, fog, soot, smoke, steam, gas and odor in quan-
tities damaging all existences (Das et al., 2019; Karahan et al.,
2020). Air, water and soil, there is a natural balance between
them, are like rings of a chain intertwined with each other. For
this reason air, water and soil pollution cannot be considered as
independent phenomena. The pollution of any one of them
means that a ring of the chain is broken which also affects others
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seriously, causing the ecosystem to deteriorate. The acid rains
resulting from air pollution and the polluted water reaching the
soil and causing soil pollution are examples that can be given in
this respect. The pollution of soils, which is very difficult or even
impossible to recover when they are lost, appears in a very long
time compared to other types of pollution. For this reason, in
order not to be late about soil pollution, it is firstly necessary to
determine whether the soil in the vicinity is searched for dirt and
pollution, if necessary, to take necessary preventive measures
and to coordinate with related institutions and organizations
(Keshavarzi et al., 2019). Moreover, related institutions should
act in coordination with this issue.

The most important agent of air and soil pollution is heavy
metals. The term of heavy metal is used for metals with a spe-
cific weight greater than 5 g cm or for elements with a rela-
tively large atomic number (Hogan, 2010; Ozdemir, 2019).
Heavy metals include transition metals from elements that show
metallic properties in the periodic system and some elements in-
cluding a number of nonmetals, lanthanides and actinides (Be-
diako et al., 2015). Heavy metals are natural components of the
environment. However, they have been mixed in soil, water and
air as a result of rapid population growth, increased urbaniza-
tion, industrial facilities, expansion of power plants, local heat-
ing systems and motor vehicles. The risk of these metals sub-
jected to human health is very high because these metals have a
tendency to be adsorbed, accumulated and biomagnified in the
body that can be responsible for various diseases (Herojeet et al.,
2015). This type of pollutions has adversely affected all the ele-
ments and the continuity of the ecosystem, causing environmen-
tal problems to be felt at a significant level (Karaca et al., 2005;
Uyar et al., 2009; Dhakal and Kattel, 2019).

Heavy metals tend to accumulate in the soil. Unlike other
toxic elements, they cannot be created or destroyed by living or-
ganisms (Ozyigit et al., 2019). The accumulation of metal quan-
tities in the soil depends on the previous metal content of the
soil, the emission levels, and the transport of metals gathered in
the source of pollution to the relevant areas (Ronchi et al., 2019).
Heavy metals are kept in the soil in consequence of the adsorp-
tion of the soil, chemical reactions and ion exchange (Li et al.,
2020). Deposition of heavy metals depends on the amount of or-
ganic matter in the soil and on the type of clay minerals (Yin et
al., 2020). Most of the metals, along with heavy and trace ele-
ments, are necessary for plant growth, but when they are present
in high concentrations in the soil, they become harmful and toxic
to living things (Ozyigit et al., 2018; Karahan et al., 2020). Es-
pecially in plants, the presence of excess amounts of Cd, Hg and
Pb metals is seen as a sign of contamination (Hoang et al., 2020).

Plants are important ecosystem components that enable the
transfer of substances within the ecosystem between biotic and
abiotic environments (Martinez-Lopez et al., 2014). The main
source of trace elements in plants is the growth environment.
Also, when we scope another harmful effects about heavy metals
are, they has been found that there are positive relationships be-
tween atmospheric heavy metal accumulation and heavy metal
concentrations in plants (Ugulu et al., 2012). Many plant species
can accumulate potentially toxic substances in significant
amounts (Piczak et al., 2003). Pinus sp., Cedrus sp. and Juni-
perus sp. were selected for this study because they meet most of
the requirements of good bioindicators (Mingorance et al.,
2007). The pine has needles with a thick epicutical wax layer
that makes the most suitable biodegraders, especially those that
are sensitive to environmental pollution (Mingorance et al.,
2007; Serbula et al., 2012). Urban trees and shrubs are often used
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to provide biological isolation in industrial and urban areas, as
they play an important role in filtering ambient air by absorbing
particulate matter and removing heavy metals (McDonald et al.,
2007; Dzierzanowski et al., 2011). To give information about
short-term and long-term toxicity levels, plants with higher bio-
logical impressions, especially those plants that are green every
season, are preferred.

In recent years, many studies have been carried out on de-
termining the type, concentration and sources of heavy metals in
roadside dust. For example, heavy metals such as Cd, Cu, Mn,
Ni, Pb and Zn have been found to be an important contaminant
on roadsides in Istanbul (Sezgin et al., 2004). In a study in An-
talya, Cd, Cr, Cu, Pb and Zn and were investigated in coastal
areas where marine and motor vehicles affected soil, soil sam-
ples taken from relatives of industrial zones and clean areas.
Concentrations in the city were found to be quite high compared
to clean areas (Guvenc et al., 2003).

Concentrations of Cd, Cu, Mn, Ni, Pb and Zn were inves-
tigated in Dhaka city of Bangladesh to determine heavy metal
pollution in soil and plants. As a result, it has been understood
that industrial solid wastes, wastewater and emissions cause
heavy metal pollution around the city of Dhaka (Kashem and
Singh, 1999). In Birmingham, UK, roadside heavy metal pollu-
tion has been identified in connection with intersections con-
trolled by traffic lights that are likely to regularly stop vehicles
(Charlesworth et al., 2003).

In Hong Kong and Jordan, a study has been conducted on
some roadside parks and gardens in order to determine the heavy
metal pollution in the soil. It is stated that the density of the met-
als is higher in the samples taken from the parks near the road-
side, and there is a significant relation between traffic density
and metal concentrations of leaves, soil and dust (Lee et al.,
2006). In another study of heavy metal concentrations in plant,
soil and air found at the roadside of Jordan, concentrations of
Cu, Pb, Cd and Zn heavy metals were investigated. It has been
found that automobiles make a great source of these elements
around the roadside, so that roadside has a high content of heavy
metals in the soil and plants (Jaradat and Momani, 1999).

Herewith, in this study, we aimed to use leaf samples from
needle-leaved trees and various soil samples in different depths
from passive green areas which may simply entail being open
space in urban areas and not usually use for peoples to determine
the current concentration of heavy metals in Anatolian Side of
Istanbul Province.

2. Material and methods
2.1. Study area

Istanbul has a very important position between the Asia
and Europe continents (Ozdemir et al., 2014). Its population is
close to 15 million, the number of traffic-driven vehicles is 3
million 651 thousand 166, and this value is increasing day by
day. For this reason, one of the biggest causes of environmental
pollution in Istanbul is definitely traffic (Unal et al., 2020).

In this study, it is aimed to investigate the size and distri-
bution of the pollution situation in the passive green areas of Is-
tanbul Anatolian side. For this aim, 3 different kinds of plant leaf
and 2 different depth soil samples were collected from 17 differ-
ent locations in Istanbul Anatolia. The representation of these
points on the map is given in Figure 1. Leaf samples were deter-
mined using available plants in the study areas. Also, soil sam-
ples were collected from the environment of all plant species.
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Fig. 1. Location of study areas in Istanbul Anatolian province (ESRI, Arcgis).

2.2. Experimental study

A total of 28 soil samples were taken from 2 different
depths, 0-20 cm and 20-40 cm by using drill tools. The soil study
areas are divided into parcels by paying attention to differences
such as soil color, area gradient, soil structure and at least one
kilogram soil sample is taken to represent each parcel. A total of
51 leaf samples were taken from 3 different plants representing
different layers of trees. Leaf samples were determined using
available plants in the study areas. Plant species from which leaf
samples are taken are as follows: Cedar (Cedrus sp.), Pine (Pi-
nus sp.) and Juniper (Juniperus sp.). The coordinates of the study
areas were given in Table 1.

Table 1
The coordinates of the study areas.
Location Code Latitude Longitude
P1 40.910219 29.183229
P2 40.924211 29.311629
P3 40.947897 29.310706
P4 40.861408 29.273036
P5 40.919180 29.278118
P6 40.942186 29.302335
P7 40.999386 29.073590
P8 40.979635 29.218200
P9 40.943105 29.216145
P10 40.940880 29.127078
P11 40.951061 29.161613
P12 40.968180 29.139885
P13 40.992566 29.127265
P14 40.987301 29.033883
P15 40.980263 29.077338
P16 41.005469 29.072423
P17 41.106940 29.084599

Taking of samples from the specified regions was carried
out in April 2015. Concentrations of Cd, Cr, Cu, Ni, Pb, and Zn
causing pollution were determined using ICP-OES instrument
within the scope of heavy metal pollution in all samples.
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The soil samples were subjected to an oven drying process
at an average temperature of 35-40°C by laying them on a non-
evaporating and non-hygroscopic tray with a thickness of not
more than 15 mm. The soil samples to be analyzed were pre-
pared by grinding with wooden and porcelain mortars and knurls
in a such manner that they can pass through the sieve of 2 mm
thickness to prevent metal contamination.

0.2-0.3 g of soil samples which are prepared for heavy
metal analysis were weighed and transferred to pressure pots
with Teflon material and 10 ml of aqua regia (1/3 HNO3 / HCI)
was added. Then, in the temperature-pressure controlled micro-
wave device (BERGHOF Microwave Sting Unit) where the low
temperature and high pressure disintegration processes can be
performed, the disintegration process was carried out within the
compass of the program that lasts one hour and provides gradual
temperature increase. Then, the obtained solution was diluted
with distilled water at the desired ratio, and the solution was
ready for measurement. The solution obtained after the incinera-
tion process, after the method works in ICP-OES (Perkin Elmer
Optima 2100 DV) instrument, was subjected to heavy metal de-
tection by the method selected by choosing the wave lengths
with low background (for Cd: 226.502, for Cr: 267.716, for Cu:
324.752, for Ni: 341.476, for Pb: 220.353 and for Zn: 213.857),
low interference and least vibration. Leaf samples were washed
with pure water and then dried in a fan-drying oven at a temper-
ature of 65-70°C so that they can be passed through a 0.2 mm
sieve. The heavy metal analysis method carried out in the soil
samples was exactly applied to the prepared plant samples.

3. Results and discussion

In this study, it has been observed that the highest concen-
tration of heavy metal was Zn (82.06 mg kg™) at the 10" point,
the lowest concentration of heavy metal was Pb (0 mg kg™) at
10" point and Cd 0 mg kg™) at 8™ point. The highest value was
found at the 8™ point for Zn (36.43 mg kg™) and the lowest value
was found at the point P8/9 for Cd (0 mg kg™) and at the point
of P8 for Cr (0 mg kg™) in the leaves of the pine plants. The
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Table 2
The heavy metal concentrations of plant leaf samples (mg kg™).
Cd Cr Cu Ni Pb Zn
Avg. 0.16+0.07 16.38+19.57 18.35+10.09 10.49+15.92 5.75+6.89 44.60+22.00
Cedrus sp. Min. 0.00 (P8) 3.00(P16) 8.95(P10) 1.73 (P3) NA (P10) 21.80 (P10)
Max. 0.38 (P6) 52.78 (P11) 38.88 (P6) 39.27 (P11)  19.33 (P6) 82.06 (P6)
Avg. 0.11+0.06 9.17+8.21 8.41+3.97 4.06+6.34 2.14+1.40 26.25+6.13
Pinus sp. Min.  0.00 (P8&P9)  0.00 (P8&PI) 2.11(P10) 0.09 (P9) 0.68 (P15)  20.58 (P15)
Max. 0.22 (P17) 25.71 (P14) 2.80(P9) 16.78 (P14) 4.06 (P29) 36.43 (P8)
Avg. 0.10+0.06 11.05+6.91 11.89+4.94 8.88+6.62 8.70+13.55  32.03+18.50
Juniperussp.  Min. 0.00(P10) 2.11(P10) 5.79(P10) 1.55 (P1) NA (P10) 13.69 (P10)
Max. 0.14 (P4) 18.88 (P13) 18.12 (P15)  14.32 (P13)  29.70 (P5) 61.10 (P5)
0-20 CM
250
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mCd
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HCu

100 Ni

HPb

bl
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o

Fig. 2. The heavy metal concentrations of soil samples in the depth range of 0-20 cm (mg kg™*) and compares according to references (Yalcin et
al., 2020) values from previous studies.
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Fig. 3. The heavy metal concentrations of soil samples in the depth range of 20-40 cm (mg kg™) and compares according to references (Yalcin et
al., 2020) values from previous studies.
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Table 3
The heavy metal concentrations of soil samples in the depth range of 0-
20 cm and 20-40 cm (mg kgt).

Zn
20-40 cm
122.15+19.1
63.93+24.7
70.24+37.2

75.78+£8.9
37.11+4.8
123.70+14.2
70.26+51.3
38.81+£21.3
45.82+40.4
57.08+11.9
50.02+11.12
168.43+60.2
46.43+14.1
132.94493 .4
52.40+14.9
90.86+33.7
78.09+8.5
77.89+37.78
37.11

168.43

Pb

0-20 cm
125.08+20.7
79.24428.7
91.08+5.5
87.16+9.8
60.96+9.4
86.59+7.6
58.65+29.3
37.09+18.8
43.71+24 .3
58.36£3.1
59.11+0.2
201.63+88.4
343125
118.15+104.7
60.12+10.5
94.89+14.7
73.81+4.2
80.58+40.40
34.31
201.63

Ni

20-40 cm
45.22+25.0
20.6246.5
18.28+5.5
24.38+7.0
27.0443.5
178.60+12.3
27.46+5.6
14.1243.6
16.27+7.2
17.224+4.2
15.08+3.3
50.19+23.5
17.76+3.6
71.05+£71.2
26.13+9.2
31.04+7,7
40.9843.8
37.73+£39.35
14.12
178.60

Cu

0-20 cm
51.52430.0
21.49+3.3
21.99+2.4
29.07+7.2
35.88+7.11
36.98+2.4
20.23+3.3
14.14+4.4
17.31£7.1
18.34+0.7
22.40+6.3
68.64+36.2
15.67+2.9
54.55+51.8
28.10+12.6
33.34+6.8
41.72+3.3
31.26+15.44
14.14
68.64

Cr

20-40 cm
70.71£8.1
66.64+23.0
41.50+14.9
60.39+£19.3
36.75+10.1
83.01+6.3
45.80+21.6
38.73+18.8
25.89+15.1
2428429
25.23+5.6
37.49+10.5
38.61+24.7
40.0849.3
36.52+4.7
4737+13.4
42.01+13.0
44.77+16.44
24.28

83.01

Cd

0-20 cm
70.45+7.6
46.15+£13.4
36.31+21.4
25.53+11.4
24.24+2.1
43.11+13.53

51.1943.6
53.27+11.0
57.4949.9
62.48425.2
49.00+3.6
29.27+1.0
40.91+13.4
24.28+14.8
38.40+12.6
38.38+8.8
49.10+12.0
36.43+4.3
24.24
70.45

zZn

20-40 cm
38.05+9.0
28.09+6.9
23.75+11.9
34.58+2.7
26.80+8.3
39.24+2.1
46.15+8.5
20.38+6.0
18.77+11.9
21.3743.5
21.59+7.7
46.81+12.1
17.80+5.4
49.12+18.6
24.75+0.9
42.85+7.6
34.27+2.2
31.43+10.67
17.80
49.12

Pb

0-20 cm
39.86+6.0
28.65+6.20
27.3346.8
36.46+6.6
33.7548.3
38.53+1.4
25.86+12.0
22.35+£7.9
18.59+10.7
21.59+0.2
27.77+1.4
55.66+£14.2
15.20+3.1
51.21£254
33.1543.0
50.27+7.4
33.4743.8
32.92+11.54
15.20
55.66

Ni
20-40 cm
76.84+17.9
110.81+63.6
56.27+18.5
60.52+27.52
22.48

101.28426.7
110.81

65.44+27.4
90.68+8.9
65.50+£26.5
95.29423.2
48.2749.5
22.48+2.9
28.18+8.9
31.154+6.0
74.72+54.8
49.38+8.5
31.51+2.0
40.22+0.8
40.85+9.6

Cu

0-20 cm
71.82+15.9
75.41+13.1
79.22+17.9
59.68+16.8
138.30498.6
57.49+5.4
62.53+14.2
81.78+28.0
45.80+14.3
22.95+3.7
24.73+1.5
37.96+9.3
72.99+46.1
44.29+4.9
35.14£3.2
42.52+10.6
35.74+3.1
58.14+27.99
22.95

138.30

Cr
20-40 cm

7.00£1.0
6.56+2.0
4.99£1.0
6.89+1.7
10.924+2.8
13.04+1.8
8.91+2.8
431+1.4
4.29+1.3
3.97+0.5
5.00+0.5
4.95+1.3
5.20+1.0
4.87+1.1
3.35+0.3
4.89+0.3
5.59+0.3
6.16+2.59
3.35
13.04

Cd

0-20 cm
6.99+0.6
5.00+0.2
6.50+2.2
6.48+1.4
12.32+6.4
9.90+2.5
6.35+1.2
4.38+1.0
3.99+1.4
3.92+0.7
4.76+0.1
5.40+0.6
4.98+1.1
5.26+0.9
4.42+0.8
4.73+0.6
5.10+0.3
5.91£2.19
3.92
12.32

Notation
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
Avg.
Min.
Max.
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highest values of Zn (61.10 mg kg) at the P5 point and the Pb
and Cd values (0 mg kg™) at the P10 and P4 points, respectively,
are the lowest values in the leaves of the juniper plants of the
selected point. The result of leaf analysis of various plants col-
lected from the study areas is shown in Table 2.

The normal worldwide distributions of the studied heavy
metals in mg kg™ in soils are 0.5 global average for Cd; 54
(global average) for Cr (Kabata-Pendias and Mukherjee, 2007;
Yalcin et al., 2020). Ni is one of the micronutrients and also a
heavy metal (Ozyigit et al., 2018), and it occurs in soils (in mg
kg?) in the range of 0.2-450 with the average between 19-22.
The natural Pb concentrations (in mg kg™) originated from the
main rocks in regions between 10 and 40, with a grand average
of 25 (Kabata-Pendias and Mukherjee, 2007; Yalcin et al.,
2020). According to the literature, the normal limits for Cu (in
mg kg™ DW) the Cu contents (in mg kg™ DW) in soils are found
to be in ranges of 25-75 (Kabata-Pendias and Pendias, 2001; Di-
mitrijevi¢ et al., 2016).

In researches previously performed in Istanbul, the Zn con-
centrations (in mg kg* DW) in co-located soil samples for Alcea
pallida (Yener and Yarci, 2010), Hibiscus syriacus (Yener,
2007), and Celtis australis (Ozturk et al., 2017) were found to
be as 79.90, 62.53, and between 39.63-122.64, respectively.

In other studies done earlier in our country and abroad, the
Zn levels (in mg kg™ DW) in UW leaves and soils were reported
as 7.42-19.53 and 35.55-217.00 for Phoenix dactylifera in An-
talya-Turkey (Aksoy and Ozturk, 1996); 22.08-231.26 and
66.12-1215.25 for Elaeagnus angustifolia in Kayseri-Turkey
(Aksoya and Sahin, 1999); 13.02-139.0 and 10.67-506.43 for
Robinia pseudoacacia in Denizli-Turkey (Celik et al., 2005);
and 50-151 and 173-576 for Poa annua in Bradford-England
(Aksoy et al., 1999). According to the literature, the normal lim-
its for Zn (in mg kg™t DW) in plants are reported as 20-150 75
(Kabata-Pendias and Pendias, 2001; Dimitrijevi¢ et al., 2016)
and the Zn contents (in mg kg DW) in soils are found to be in
ranges of 3-300 with a grand average of 65 (Kabata-Pendias and
Pendias, 2001; Barker and Pilbeam, 2015; Yalcin et al., 2020).

As shown in Table 3, the highest concentrations of pollu-
tants were found to be Zn (201.63 mg kg™) at the point P12 and
Cd (3.92 mg kg™) at the point P10 when the concentrations of
heavy metals in the 0-20 cm depth soil of the selected points
were compared. For the depths of 20-40 cm, the highest concen-
tration of heavy metal was found as Pb (178.6 mg kg™) at the
point P6 and the lowest concentration of heavy metal was found
as the Cd at the point P15 (3.35 mg kg™).

Cr, Cu, Ni, Pb, Zn heavy metal analyzes of 0-20 cm and
20-40 cm depth profiles of soil samples taken from 17 different
points selected as research areas are shown in Table 3.

In terms of quantity, the heavy metals in the soil taken from
the study areas are as follows; Zn> Cr> Ni> Cu> Pb> Cd (Table
3). According to the previous researches determined shown in
Figure 2, soil measures shown us there is some important exceed
values in the study. For 0-20 cm depth; For Cd, every study
points exceed the reference (Barker and Pilbeam, 2015; Yalcin
et al., 2020) value which is 0.5 mg kg™, the highest value was
found at the point 5 for Cd (12.32+6.4 mg kg™') and the lowest
value was found at the point 9 for Cd (3.92+0.7 mg kg™*) and an
average value for Cd is 5.9142.19 mg kg™,

For measures of Cr, 9 study points exceed the reference
(Kabata-Pendias and Mukherjee, 2007; Yalcin et al., 2020)
value (P1, P2, P3, P4, P5, P6, P7, P8, P13), the highest value
was found at the point 5 for Cr (138.30+£98.6 mg kg™) and the
lowest value was found at the point 10 for Cr (22.95+3.7 mg kg
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1y and average of Cr value is 58.14+27.99 mg kg™*. For measures
of Cu, all study points exceed the reference (Kabata-Pendias and
Pendias, 2001; Dimitrijevi¢ et al., 2016) value except P13, the
reference value for Cu is 16.78 mg kg and the highest value
was found at the point 12 for Cu (1 55.66+14.2 mg kg') and the
lowest value was found at the point 13 for Cu (15.20+3.1 mg kg"
1) and average of Cu value is 32.92+11.54 mg kg™. For Ni every
study point exceeds the reference (Barker and Pilbeam, 2015;
Yalcin et al., 2020) value which is 20 mg kg™, the highest value
was found at point 1 for Ni (70.45+7.6 mg kg*) and the lowest
value was found at the point 10 for Ni (24.24+2.1 mg kg™) and
an average value for Ni is 43.11+13.53 mg kg ™.

For Pb over half of the study points are exceed the refer-
ence (Kabata-Pendias and Mukherjee, 2007; Yalcin et al., 2020)
value which is 25 mg kg* (P1, P4, P5, P6, P12, P14, P15, P16
and P17), the highest value was found at the point 12 for Pb
(68.64+36.2 mg kg'!) and the lowest value was found at the point
8 (14.14+4.4 mg kg*) and an average of Pb value is 31.26+15.44
mg kg. For measures of Zn, only 2 points exceed the reference
(Yener and Yarci, 2010) value which is 120.0 mg kg (P1 and
P12), the highest values was found at the point 12 for Zn
(201.63+88.4 mg kg1) and the lowest value was found at the
point 13 for Zn (34.31+2.5 mg kg ') and an average value for Zn
is 80.58+40.40 mg kg™,

As shown in Figure 3, soil measures have shown us there
is some important exceed values in the study. For 20-40 cm
depth; For Cd, every study points exceed the reference (Kabata-
Pendias and Mukherjee, 2007; Yalcin et al., 2020) value which
is 0.5 mg kg, the highest value was found at the point 6 for Cd
(13.04+1.8 mg kg) and the lowest value was found at the point
15 for Cd (3.35+0.3 mg kg?) and an average value for Cd is
6.16+2.59 mg kg*. For measures of Cr, 9 study points exceed
the reference value (Barker and Pilbeam, 2015; Yalcin et al.,
2020). The highest value was found at the point 2 for Cr
(110.81+63.6 mg kg™) and the lowest value was found at the
point 10 for Cr (22.48+2.9 mg kg™) and the average of Cr value
is 60.52+27.52 mg kg. For measures of Cu, all study points ex-
ceed the reference (Kabata-Pendias and Pendias, 2001; Dimitri-
jevic et al., 2016) value, the reference value for Cu is 16.78 mg
kg and the highest value was found at the point 14 for Cu
(49.12+18.6 mg kg't) and the lowest value was found at the point
13 for Cu (17.80+5.4 mg kg) and average of Cu value is
31.43+10.67 mg kg™*. For Ni every study point exceeds the ref-
erence (Barker and Pilbeam, 2015; Yalcin et al., 2020) value
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