Journal of Molecular
Biomarkers & Diagnosis

Yarsan and Yipel, J Mol Biomark Diagn 2013, S1
DOI: 10.4172/2155-9929.51-003

Review Article Open Access

The Important Terms of Marine Pollution “Biomarkers and Biomonitoring,
Bioaccumulation, Bioconcentration, Biomagnification”

Ender Yarsan' and Mustafa Yipel?

'Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara University, Ankara, Turkey
2Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Mustafa Kemal University, Hatay, Turkey

Abstract

The numbers of chemicals which are the most important group of environmental pollution were limited to a few
thousand until the beginning of this century. But nowadays, due to intensive production and the unconscious usage,
the chemical pollution is increasing throughout the food chain and is damaging all living creatures. The chemical
levels of the water, the sediment and the aquatic organisms are very important to determine the level of the chemical
contamination of the marine environments by biological. The aquatic organisms, such as fish, crustaceans, algae,
protozoa, macrophytes, bacteria and plankton are widely used as a biomarker in determining the quality of aquatic
systems for the environmental contaminants. Because of this importance the description and differences of marine
pollution terms are significant. In this review, the data were collected from different literatures around the World in
uses terms of monitoring the aquatic organisms for chemical pollution in aquatic system.
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Marine Pollution and Contaminants

The various activities of human beings affect adversely all
environments where the plants, the animals and the humans live
[1]. The numbers of chemicals which are the most important group
of environmental pollution were limited to a few thousand until
the beginning of this century and the majority part of that was
constituted by plants, animals and mineral origin accounted for natural
ingredients. The production of the chemicals which were 7 million tons
in 1950 is estimated to reach 400 million tons today. On the one hand
consists of hazards, on the other hand increasing quantities of usage of
requirements for the modern living that has increased the importance
of the determination of threshold limits of chemicals before and after
the production [2].

The marine pollution is one of the most important parts of
ecotoxicology. The term ‘ecotoxicology’ was first introduced by the
toxicologist Prof. Truhaut in the late 1960s, when it was considered
a sub-discipline of medical toxicology. Since then, ecotoxicology
has developed into a scientific discipline in its own right, describing
not only effects of exposure to chemicals and radiation, but also the
environmental fate of contaminants [3].

The marine pollution continues to increase whereas the natural
resources which are economically important for seafood species have
become inevitable to not to be influenced by pollution [1,2]. Marine
environments are the final receiver of pollutants, due to this sustainable
natural food resources are affected negatively by each passing day. The
pollution is increasing throughout the food chain and is damaging
all living creatures, including humans in the chain. As a result of the
marine environments enormous nutritional potential and rapidly
increasing world population; the scientific studies are increased in
the recent years in order to benefit more from the seas. The air-based,
rapidly sea vehicles-based and rapidly land-based pollutants lead to
marine pollution. The marine pollution levels are increasing every
day as a result of the industrial, urban and agricultural activities that
fulfills the increasing demands of the rapid growth of population. The
marine pollution carries a different significance, especially in terms
of fisheries and tourism. The prevention of the pollution is important
for sustainable use of the sources [4]. The aquatic environment with

its water quality is considered the main factor controlling the state of
health and disease in both man and animal. Nowadays, the increasing
use of the waste chemical and agricultural drainage systems represents
the most dangerous chemical pollution [5].

Fishery Products

Fish and other sea food come at the beginning of the oldest food
sources of the human beings. Nowadays, more than 20,000 edible fish,
shellfish and marine mammals’ species live in the waters of all over
the world. Approximately 250 species of them are consumed as human
food [6]. Seafood industry is one of the main resources of food industry
which meets the world’s food requirements and is the fastest growing
sector of world’s food sector [7,8]. The average of the annual seafood
consumption is 26 kg/year in the European countries and 17.1 kg/year
in the world [7]. The fishery products with its high nutritional values
have a very important place in the foodstuffs for human nutrition
[9,10]. Being an important food group for nutrition, in parallel with the
increasing world’s population they have came out with the scientific
investigations that food and eating habits plays an important role over
prevention and formation of the diseases, therefore more conscious
people and their nutritional requirements have been raised [9]. As a
natural consequence of these conditions, the demand and the interest
for seafood increase day by day [2].

Terms of Pollution

Until recently, the chemical analysis of the water contaminants has
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been used as the conventional methods for monitoring water pollution.
However, these methods are inadequate to determine the water pollution
and do not reflect the effects of the pollutants on the aquatic organisms
which live in that environment. Therefore, the aquatic organisms are
used to determine the water pollution. For this purpose, the chemicals
levels of the water, the sediment and the aquatic organisms are very
important to determine the level of the chemical contamination of the
marine and of the other aquatic environments [11,12]. The coastal, the
gulf and the enclosed seas have got higher heavy metal concentration
levels than the oceans [13]. Contrary to organics, the inorganic
contaminants do not undergo the process of disintegration that
reduce their concentrations or toxicity and accumulate in the aquatic
organisms with significant levels. This accumulation is important
both in terms of potential effects on the aquatic organisms and on the
human health. For this reason, “biomonitoring” programs (biological
monitoring) are required to determine the temporary and permanent
effects of the contaminants on the coastal regions [12].

A biological approach has been used as a counterpart of a classic
chemical approach for surveying marine pollution effects in many
international programs. A chemical analysis solely is considered as an
invaluable analysis for interpretation of the pollutant impact in marine
ecosystem since it does not illustrate the harmful effects and the fate of
chemical compounds on living organism through biotransformation
of xenobiotic substances within living organism body. In many cases,
the biotransformation may increase xenobiotic substances toxicity
on organism via producing reactive metabolite compounds that are
more toxic than original parent compounds. Moreover, the chemical
approach is costly, usable to only a small proportion of the xenobiotic
compounds in the environment, produces a little biologically
meaningful data, and consequently simplifies the complexity of the
ecosystem under monitoring. For those reasons, the classic chemical
analysis should be accompanied by the biological approach which
is so called “biomarker” that elucidates biological responses of
environmental pollution. Biomarkers have been considered as sensitive
and suitable tools for detecting either exposure, or effects of, pollutants
since they can provide more comprehensive and biologically more
relevant information on the potential impact of pollutants on the health
status of organism. In respect to pollutants that has a lower stability in
water such as organophosphate and carbamate pesticides, biomarkers
are reliable tools for assessing the impacts of the pollutants on biota
even if the existence of the pollutants in water cannot be detected. It
is because biomarkers can detect persistent responses and/or effects of
the pollutants in such duration of biota lifetime. Therefore, they have
been used enormously in biomonitoring to assess the risk of marine
ecosystem pollution [14].

“Biomarkers/Bioindicators” are the organisms which respond
to the environmental pollution by changing the life functions or
accumulating toxins in to their bodies. The aquatic organisms, such
as fish, crustaceans, algae, protozoa, macrophytes, bacteria and
plankton are used as a bioindicator in determining the quality of water.
Due to feeding and living in the sea environments these organisms
are heavily exposed to pollution [11,15]. Therefore relative body
size, long life span, being on the top step of the food chain and the
direct effects on the human health are being researched; the fish and
the prawns bioindicator species in the aquatic organisms are widely
used in evaluating the quality of the systems for the environmental
contaminants [11,16,17].

Toxic pollutants often cause characteristic responses in the affected
organism, commonly known as ‘biomarkers’. A biochemical, (genetic)

cellular, physiological or behavioral variation that can be measured
in tissue or body fluid samples or at the level of the whole organism
(either individuals or populations), that provides evidence of exposure
and/or effects of one or more chemical pollutants (and/or radiation)
defined as biomarker [18]. Biomarkers are powerful tools for detecting
the impact of exposure to sublethal concentrations of a given substance
or complex chemical mixtures, enabling the evaluation of less obvious
effects on organisms.

In aquatic ecotoxicology the use of biomarkers has traditionally been
applied to the exposure of sentinel organisms or in vitro test systems
to pollutants in aqueous solutions or suspensions. These approaches
have been instrumental in providing guidelines for legislative measures
aimed at reducing the impact of anthropogenic activity on marine
and freshwater environments. In recent years, however, the relative
improvement of water quality in many areas and the recognition that
those sediments may serve as sinks and secondary sources for many
persistent chemicals [19] has shifted the focus of ecotoxicological
studies towards sediments and the potential deleterious effects that
persistent pollutants have on benthic ecosystems [20].

The evaluation of impacts of pollution on the marine ecosystem is
based on two types of scientific findings:

a) Indicators of change of composition and/or stress of the
ecosystem of the marines;

b) Analysis of trend of levels of bioaccumulation of chemical
contaminants in the ecosystem elements which are considered
as indirect indicators of impact on the ecosystem [21].

“Biomonitoring” is a scientific technique for assessing the
environment including human exposures to natural and synthetic
chemicals, based on sampling and analysis of an individual organism’s
(biomarkers/bioindicators) tissues and fluids [17,22]. Some organisms
are used as an indicator for monitoring the contaminants uptake,
bioavailability, excretion and the determination of the toxic effects. This
provides information about the level of the environmental pollution
[12]. The Bioindicator groups (biological indicator organisms) are used
for monitoring and investigations of the environmental quality.

In recent years, institutes, health and environmental agencies have
been moving towards the increased use of biomonitoring measures
(in human, aquatic organisms and other aquatic materials) in order to
better understand the relationship between exposure to environmental
pollutants and human health [23,24].

The aquatic organisms and the other members of the food chain
accumulate the contaminants into their tissues and organs [12].

The process of the increase in concentration of a substance in
an organism’s tissues or organs which it exposes to the surrounding
environment is called “Bioaccumulation”. Bioaccumulation of
substances taken in by the organism from water is only called
“Bioconcentration” (Figure 1) [1,22,25].

Bioconcentration in fish involves the uptake of chemical by
absorption from the water only (usually underlaboratory conditions),
which can occur via the respiratory surface and/or the skin, and results
in the chemical concentration in an aquatic organism being greater
than that in water. The bioconcentration factor (BCF) is defined as
the ratio of the chemical concentration in an organism C,, to the total
chemical concentration in the water Cy,portoC,, the freely dissolved
chemical concentration in water and is expressed as follows:

BCF=C,=C,, or C,=C
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The use of C is preferred because it only takes into account the
fraction of the chemical in the water that is biologically available for
uptake [26].

Bioaccumulation is the process which causes an increased chemical
concentration in an aquatic organism compared to that in water, due
to uptake by all exposure routes including dietary absorption, transport
across respiratory surfaces and dermal absorption. Bioaccumulation
can thus be viewed as a combination of bioconcentration and food
uptake. The bioaccumulation factor (BAF) in fish is the ratio of the
concentration of the chemical in the organism C, to that in the water,
similarly to that of BCF.

BAF=C,=C,, or C,=C  [26]

The increase in concentration of a substance in a food chain (not
an organism) is called as “Biomagnification” (Figure 2) [1,22,25,27-30].
The water environments contain more than one metal; therefore, an
organism is exposed to several metals. The levels of the contaminants
in the aquatic organisms can be changed by depending on the lifestyle,
dietary habits, age, duration of exposure, and the concentration of the
metals in the environment and body. There are also differences between
the levels of tissues and organs (Figure 2) [13].

Biomagnification can be regarded as a special case of
bioaccumulation in which the chemical concentration in the organism
exceeds that in the organism’s diet due to dietary absorption. A
biomagnification factor (BMF) can be defined as the ratio of the
concentration of chemical in the organism CB to that in the organisms
diet C, and can be expressed as:

BMF=C,=C,

It is probably more meaningful to express both concentrations on
a lipid normalized basis. A problem obviously arises when defining
BMFs when an organism has several food sources with different
concentrations. Chemicals that bioaccumulate do not necessarily
biomagnify [26].

The contaminants uptake mechanisms of the fish, by gills,
directly go through the skin from the water and then absorption of
the contaminated food or suspended particles in the water go to the
digestive system. The contaminants are taken up mostly by the gills.
The amount that is received through the skin is insignificant [31]. The
toxic effects vary according to the characteristics of each contaminant
and accumulated tissue. However, in general, they affect the multiple
organs and systems. Two mechanisms are available on contaminants

Bioaccumulation & Bioconcentration Process

Food chain transfer

Bioconcentration
(Uptake from water)

Elimination
(respiration & excretion)

Bioaccumulation = bioconcentration + food chain transfer - (elimination+ growth dilution)

Figure 1: lllustration of Bioconcentration and Bioaccumulation [1,22,25].
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= Contaminants
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Figure 2: lllustration of Biomagnification [13].

toxicity: enzyme inhibition and replacement with essential elements
[2,13].

The bioaccumulation and bioconcentration process are initiated
with species (benthic, demersal, pelajic), feed habitat, age of
bioindicators, exposure time to contaminants, the concentration and
chemical characteristic of other contaminants. Also there is significant
differences between tissues and organs accumulation or concentration
[1,13].

The factors that led to contamination of environments like marine
and disrupt the natural balance between organisms in ecosystem and
must be monitored by markers can be classified as follows [32]:

Metals (Al, As, Cd, Co, Cu, Fe, Hg, Ni, Pb, Se, Zn, etc.)
Pesticides (organophosphorus, etc.)
Halogenated ~compounds  (chloral,
compounds, etc.);

Halomethanes (chloroform, bromoform)
Dioxins (TCDD, PCDD, HCDD, OCDD)
Furans (TCDF, PCDF, HCDF, OCDF)
Polychlorobiphenyls (PCB)
Polybromobiphenyls (PBBs)
Chlorophenols (PCP)

Chlorinated naphthalenes (tetracloronaphthalen, etc.)
Polyaromatic Hydrocarbons (PAHs)

Nitrile compounds (acetonitrile, glyconitrile, etc.)
N-Nitroso compounds (nitrosamines, etc.).

aromatic

brome,

Conclusion

Chemical analysis provides baseline information on the occurrence
of potentially toxic pollutants in the environment, but fails to predict
synergistic, additive or antagonistic effects, that may give an important
measure of potential biological effects. Biomarkers on the other hand
can detect direct and indirect effects of sublethal concentrations of
toxic pollutants and offer additional biologically and ecologically
relevant information - a valuable tool for the establishment of guide
lines for effective environmental management [33]. Biomarkers should
therefore ideally be employed as part of an integrated programme of
pollution monitoring, involving general measurements of biological
damage and animal health in a variety of taxa as well as analysis of
chemical contaminants in the biota and environment. The terms

J Mol Biomark Diagn

Biomarkers: Toxicology

ISSN: 2155-9929 JMBD, an open access journal



Citation: Yarsan E, Yipel M (2013) The Important Terms of Marine Pollution “Biomarkers and Biomonitoring, Bioaccumulation, Bioconcentration,
Biomagnification”. J Mol Biomark Diagn S1: 003. doi:10.4172/2155-9929.51-003

Page 4 of 4

details and differences must be well known for successful monitoring
of marine pollution by biologically.
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