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ABSTRACT

In the era of modern science and new technology, mankind is adopting new and novel approaches to
deal with the problems. The high population density and urbanization has changed our environment to a
polluted one. Its not easy to deal with this problem with complex and costly equipment. Bioindicators are
playing a major role in reducing the pollution and to check it timely without any environmental hazard.
Bioindicators are the living organism which facilitate in reduction of the environmental pollution. They
directly or indirectly determine the amount of pollutants and contaminants present in our ecosystem.
They rapidly react to their surrounding environment and give us early warning. These can be used for
indexing the health of the ecosystem as well as balancing the ecosystem without any disturbance in food
chain. Biomonitoring is one of the promising and cost-effective methods as compared to other techniques.
More researches are highly needed to explore the hidden characteristics and many more new species
which will help us to build a better and safe environment.

Highlights

® Environmental pollution can be checked by using the potential bioindicators which are may be plant,
animal or microorganisms.

@ Being sensitive and specific, these bioindicators react against the slight change of the surrounding
environment by increasing or decreasing the population density.

@ Bioindicators not only restricted as environmental marker, but also widely diversified to help in search
of specific species population, natural resources and extinct phylogenetic trend line.
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The world population is increasing drastically
from past years and so population. These high
population densities, industrialization, deforesting,
urbanization etc. has made our environment
contaminated and polluted (Rakshit et al. 2017).
Not only human health but also animal and plant
health are in very problematic situation now. In
this contemporary period, many discoveries have
made to build modern equipment with novel ideas.
But those are not popular yet due to their high
cost. Another novel discovery i.e. bioindicators
has opened the path to monitor and indicate the
pollution and contamination of our environment.
These bioindicators can be defined as an indicator of
environmental pollution or contamination by using
living organisms such as micro-organisms (bacteria,

fungi, algae, lichen etc.), plants, animals etc (Fig. 1).
The small change of the environmental health can
easily be recognized by those indicators. Reduction
in population of this bioindicators was observed
many a times due to high pollution or any physical,
chemical, physiological and behavioral change of
our ecosystem. Sometimes many plant and animal
species become endangered for the environmental
changes. Those bioindicators are very specific
against a specific change in the environment. Thus,
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before selecting a bioindicator for a specific reason,
it should be studied priorly and properly.

These bioindicators in an aggregate form determine
both the positive and negative impact of the
environment (Peterson 1986; Holt and Miller 2010).
The existence of the bioindicators can be known
by several factors such as temperature, water
quality and light transmission etc. They indicate
the cumulative positive or negative impact on
soil or water bodies due to long term exposure of
any pollutant such as herbicide exposure can be
observed in case of low photosynthesis of marine
plants.
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Fig. 1: Different types of bioindicators with example

Criteria and characterization for selection of
bioindicator

¢ Easily available

¢ Cost effective

¢ All season availability in a wide range of area

¢+ Resistance against unfavorable climatic
condition

+ Sensitive towards a specific dose of contaminants
¢ High reproductive rate

¢+ Harmless to environment

Biomonitoring

Monitoring the environment health by using
bioindicators or living organisms is known as
biomonitoring. Bio monitors give the quantitative
data regarding the environmental quality and
impact of several pollutants on it. Biomonitoring
can be done in various ways aiming the slight
modification of the environmental health (Marques
2001). The effect of specific stressors on environment
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is taken in to consideration. It is also a promising
method to determine the water quality. These are
available all over the world. All bio monitors can
be referred as bioindicators to some extent but the
most promising are planktons.

Different types of bioindicators

(i) Microbial Bioindicator

Micro-organisms are taking a major portion of
aquatic biomass. The rate of multiplication is also
high and they are easily available than macro-
organisms. Microbial bioindicators can be referred
as the micro-organisms which is used to indicate the
health of terrestrial and aquatic eco-system (Klemm
1990). These micro-organisms are very sensitive
against small quantity of toxics and contaminants by
which they can react to small change in the quality
of oceanic ecosystem (Hans et al. 2003; Hosmani
2014). An early warning is observed due to the stress
protein secreted by micro-organisms when they
are exposed to contaminants containing benzene
and cadmium. The bioluminescent bacteria can be
used as an indicator to check the toxin level. If high
toxin level, then disruption in cellular metabolism
is observed by which the light emittance decreases.
It was reported that Vogesella indigofera can produce
blue pigments in absence of any metals while the
pigmentation is blocked due to the presence of
hexavalent chromium (Arora 1966; Jain et al. 2010).

(ii) Plant Bioindicator

The increase in industries and population is
directly and indirectly playing an important role in
environmental pollution (Batiuk et al. 1992). Several
plant species mainly marine plants are known to
reduce the contamination to a greater extent. These
marine plants are immobile in nature. Lichen, the
mutualism between algae and fungi mainly grow on
the trunks of forest plants. The slighter modification
in forest air quality, climate and structure can be
known by the reaction of lichen. Sometimes, the
lichens disappear from the forest ecosystem due
to environmental stress like increase in toxic gas
content. Phacus tortus, Euglena clastica are used as
the indicator of contamination in marine ecosystem.

Higher plants like Agrost spp., Anthroxanthum spp.,
Festuca spp. are known to indicate copper, zinc
and lead respectively. Similarly, lower plants like
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lichens can indicate the existence of Sulphur dioxide
and fluorine content, ozone gas, radionuclides like
cesium-17, strontium-30 etc.

Morphological and physiological response of
plants against environmental pollution

Major visible morphological and physiological
modifications can be observed due to several
disturbances in the surrounding environment. These
visible changes are due to intolerance of a plant
against the environmental condition. Premature
leaf losses can be observed due to air pollution
like Sulphur dioxide and cement-kiln dust (Lerman
and Darley 1975). Irregular formation of leaves
and flowers was reported due to high number of
radionuclides such as carnorite and monazite in soil
(Nair 1961; Osborn 1961). Mis formation of petals
in Papaver macrostomum and dwarfism in coniferous
plants was observed due to heavy lead content in
soil. Several biotic and abiotic factors directly or
indirectly affect the tree ring width or wood biomass
(Fritts 1976). Long term exposure to Sulphur
dioxide and heavy metals can result reduced ring
width (Lux 1965; Grill et al. 1979). Exposure to high
concentration of ozone and hydrocarbons can result
chlorosis Picea abies and Pinus sylvestris (Utriainen
and Holopainen 1998; Schroder 1998).

(iii) Animal Bioindicator

Animals are playing an important role as a
bioindicator by reacting to the contaminated
environment in several ways. The changes in
environment directly affect the animal population
density and disturb the food chain. These animals
also help to indicate any toxin present in their
cell (Joanna 2006). Frogs are major bioindicators
showing any changes in aquatic and terrestrial
environment. The invertebrates living in the bottom
layer of aquatic environment are most potential
indicators reacting against the quality of water
body (Khatri and Tyagi 2015). Blue mussel, a widely
distributed organism in ocean was used to indicate
the costal water pollution by any metals. Their high
availability, proper monitoring has made them as
a good bioindicator. Earthworms are reported to
indicate high radioactive pollution in soil while
marine animals determine the health of water body.

These population densities of animal bioindicators
increase or decrease in response to the surrounding
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population change. The toxic chemical or heavy
mental content directly affect the animal tissue. The
physiological, morphological and behavioral changes
also determine the quality of the environment.

(iv) Planktonic Bioindicator

Planktons are playing a crucial role in monitoring
the pollution of water bodies mainly in lakes. They
can be referred as best markers for determining
the water health. They can also facilitate the
decomposition of organic wastes in water body.
The accumulation of phosphorus and nitrogen
make the water poor by increasing the population
density of planktons which creates major problem
in managing the water body. In this situation, fish
feed upon the planktons to maintain the balance
in water bodies. Some plankton like cyanobacteria
produces toxins which mix in water and make the
water quality poor.

(a) Phytoplankton

Phyto planktons are the aquatic plant and produce
their food through photosynthesis. These are also
known as microalgae and found mostly as freely
floating on the ocean. The amount of sunlight is
playing a crucial role in their life to produce food.
As an indicator, their population decreases due to
the contamination of water bodies (Table 1). It was
observed that industrial effluents or any colored
or solids pollutants are mixed in water, then the
growth of phytoplankton decreases highly due to
infiltration of sunlight. Additionally, the reduced
amount of sunlight can directly affect the uptake
of ammonia and nitrate in phytoplankton (Walsh
1978).

(b) Zooplankton

The microscopic animals of water bodies are known
as zooplanktons. They can be found near the water
surface and are poor swimmers. Phytoplankton,
Bacterioplankton and marine snow are the main
food of zooplanktons. These zooplanktons help
in determining the water quality (Table 2). In
addition to this they can give an early warning
about eutrophication. The potential zooplanktons
are dependent on many abiotic factors such as
temperature, stratification and biotic factors such
as predation, competition for their growth and
development (Ramachandra et al. 2006).
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Table 1: Phytoplankton indicating different types of contamination

Phytoplankton Indications Mechanism Reference
Chlorella vulgaris Low concentration of heavy  Interfere the glycollate production or inhibit De Filippis and
metal contamination in water secondary metabolite to stimulate growth by Palaghy 1976;
bodies preventing carbon loss Lilian 2009
Euglena gracilis Water body pollution through The population of this phytoplankton increases ~ Hosmani 2014
organic waste due to the presence of organic waste
Green algae Controls the fish growth Excessive colonization of green algae leads to Khatri and Tyagi
eutrophication causing the fish death 2015
Charophytes Water quality The lesser population density of Charophytes Uttah et al. 2008;
indicates the lower concentration of phosphorus, Lambert and
nitrate, cadmium etc. Davy 2011
Mosses Metal contamination Excessive metal abundance leads to restricted Uttah et al. 2008
photosynthesis which result reduced population
density
Afrocarpus falcatus and ~ Sewage waste and toxic Toxic chemicals hamper the growth of the Walsh 1978; Lilian
Chlorella vulgaris chemicals from paper phytoplankton by blocking the Hill reaction of 2009
industry photosynthesis.
Wolffia globosa Cadmium toxicity This chemical effluent blocks the effect of light Walsh 1978; Uttah
causing restricted growth of this phytoplankton. ef al. 2008
Table 2: Zooplankton indicating different types of contamination
Zooplankton Indications Mechanism Reference
Brachionus dolabrotus Increase in water High water turbidity leads to decreased larval =~ Grizzle 1984; Salonen et
turbidity due to population al. 2009
sediments

Unspecified spp. of
Cladocerans
Leeches

Oyster
Rotatoria

Cladocerans (Daphina,
Bosmina, Moina)

Argyrodiaptomus

Trichotriatetratis
Copepods

Brachionus calyciflorus

Number of contaminants
in water

Contamination of water
bodies

Lead contamination
Eutrophication

Quality of marine health

Eutrophication

Phosphorus and heavy
metal contamination

Quality of marine health

Eutrophication and
pollution of water bodies
by organic wastes

Heavy chemical contamination directly affects
the arthropod population resulting reduced
reproduction rate and direct mortality

Depletion of oxygen directly reduce the growth
and reproduction of this spp.

Accumulation of larger amount of photodieldrin
(Chlorinated epoxide derivative) which cause
them sensitive to metal toxicity

Depletion of oxygen directly reduce the growth
and reproduction of this spp.

Excess amount of this chemicals leads to cell or
tissue toxicity resulting death.

Rate of growth reduced due to limited egg
production

Depletion of oxygen directly reduces the growth

and reproduction of this spp. and low population
density observed due to lack of proper nutrients.

Hosmani 2014
Uttah et al. 2008

Uttah et al. 2008;
Markert et al. 2003

Khan and Khan 1974;
Aslam et al. 2012

Markert et al. 2003

Khan and Khan 1974;
Aslam et al. 2012

Aslam et al. 2012

Jain et al. 2010

The population of zooplankton depends on several
factors like rate of predation, amount of effluents
presents in water etc. The rate of increase population
of zooplankton is given below (Walsh 1978):

Rate of increased population of zooplankton =
Change rate with out any predation or pollution-
predation rate- loss rate due to the effect of pollution
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are described below:

of bioindicator

The advantages and significance of bioindicators

+ To test the contamination and toxic level of
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water body or environment, several techniques
and equipment are needed. But the use of
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Bioindicators may reduce the cost of complex
techniques.

¢ Their high reproducible nature is crucial for the
indication of toxic level.

¢ The sensitivity towards the contaminants
facilitates easy monitoring of toxic effluents or
contaminants in the environment.

¢ It gives early warning of contamination in
water bodies.

¢ These bioindicators are potentially effective
against a wide range of pollutants.

¢ There is no harmful effect on the environment.
Significance

+ These bioindicators can be used in various
fields such as in animal tissues to water bodies.

¢ Planktonic indicators playing a major role
in determining the health status of aquatic
ecosystem.

¢ These indicators conserve the natural resources
by indicating any toxic substances present in
our ecosystem.

¢ They check the natural cleanup process like
presence of contaminants in drinking water.

¢ These are very practical in determining the
environment health.

CONCLUSION AND FUTURE SCOPE

The pollution of our environment has major impact
on our ecosystem. The remarkable bioindicators
potentially forecast any upcoming disasters and
preserve natural resources by preventing pollution.
These can also facilitate sustainable development
of environment without any negative impact.
In addition to this, it checks the health of water
bodies by monitoring the infiltration of industrial
substances in water bodies. These are very promising
by reacting to any physical, physiological and
behavioral changes of the environment. Their use
is very cost effective and reliable. They are very
sensitive against any slight modification and give
early warning by reducing or increasing their
population density or changing the color of the
coral.

In near future, the demand of these indicators
will increase highly. Therefore, researchers should
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focus on discovering new species of bioindicators
and their negative and positive impact towards
environment. Many existing bioindicators are
studied in experimental level only. So, it should be
practically studied before applying in field level.
More studies should be conducted for reducing
the damage to the bioindicators by any toxic
metabolites. Till now, many bioindicators have
proved in field level but commercial production is
lacking. Government must take steps to increase its
use, to popularize and to produce it in commercial
scale. Before releasing any of the product in market,
regulations should be fixed by the government for
its use in field level. Industrialization and heavy
chemical use in agriculture have increased the toxics
in water bodies. Scientists should focus on exploring
new bioindicators which will be helpful in reducing
the chemicals of water bodies. It is not possible to
make our environment free from pollution, but it is
not difficult to timely monitor the pollution and to
take proper steps to reduce it so that in near future
a sustainable environment will be built.
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