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Abstract: The various pollutants enter daily into environment and exert various kinds of stress on organisms and
ecosystems. Therefore, it is necessary to understand early warning signals pollutions by living indicators that
convincingly reflect adverse biological responses towards anthropogenic environmental toxins even at minute
concentrations. Pollution indicators can be utilized at various scales, from the cell to the environmental level, for
assessing the changes taking place in a specific biological community. All living organisms i.e. microbes,
planktons, animals and plants are utilized to screen the health of the natural ecosystem in the environment w.r.t.
pollution studies. They are used for assessing environmental pollution, health and bio geographic changes taking
place in the environment by the specific changes. Major symptoms of pollution or any contamination of
environment can cause loss of Biodiversity. Study of some living organism of natural flora and fauna that indicate
environmental pollution occurs is discussed in this review.
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1. INTRODUCTION:

Environmental pollution is increasing day by day which affects the biodiversity directly or indirectly. Changes
due to any contamination in ecosystem can easily understand by their responses by different flora and fauna.
Environmental pollution indications are natural transform due to certain changes in any activity in nature and it is utilized
to show the impacts of natural surrounding [1]. Living organism indicates changes in natural surroundings and
environment due to the presence of contamination or pollutants which can affect the biodiversity of the environment by
indication of negative or positive impacts [2].

Living organisms those indicate changes of environment such as, microorganisms, lichens, animal or plants
which signals pollution with physiological and behaviour changes [3-4]. These all living organisms can be examined
without any difficulty by environmental conditions of their habitat, activity and changes in surroundings were studied
by [5-7]. Some conditions such as short-term stress or long-term events predict and alter by indentifying the variation
in various species due to sudden change in environment [8].

Indicators are used to indicate air quality and locate sources of air pollution utilizing known as air “Pollution
Indicator.” A reliable and cost effective way to evaluate the changes due to pollution in the environment is possible by
means of indication of living organism species. Selecting a specific indicator poses a real challenge, followed by its
identification as well as relation with their particular applications. As a result, environmental, ecological, and
biodiversity indicators fulfil their goal of monitoring environmental quality [9]. Pollution indicators demonstrate the
changes in living systems of environment, whereas diversity coexists with the overall community of ecosystem for
taxonomic groups of biodiversity indicators [10-11]. Environment pollution is one of the major changes in nature;
therefore, this review study shall discuss the various pollution indicators in environmental.

2. POLLUTION INDICATORS IN ENVIRONMENT:
2.1 AIR POLLUTION INDICATORS:

Air Pollution indicator is containing a series of chambers, where the particulate matter and chemicals have been
removed by a series of filters. Bio-indicator plants are very sensitive to a selected (toxic) chemical, they respond quickly
with typical visible foliar symptoms to the presence of medium-to-low levels of the noxious agent; they are very cost-
effective and represent a striking visual demonstration unit.

Lichen growth and health can assess many air pollutants and the value of these living organisms rather than
manmade instruments for assessing sulfur dioxide levels is that they are inexpensive and give quick results. Lichens are
especially useful in forestry to assess where conifers should be planted since conifers are affected by the same sulfur
dioxide levels that cause lichen cover to decline. Lichens acting as bioindicator of heavy metals like (Pb, Cr, Cu, Cd, Ni
etc) caused due to pollution from motor vehicles activites on roadside soils e.g. Xanthoria candelaria, Xanthoria elegans
etc. Lichens are indicating changes due to air pollution by their presence, their habitat and certain changes in their growth
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[12-14]. Due to their sensitivity to different factors of environment, lichens are considered to be the most appropriate
biomonitors of air quality during last 30 years [15-16]. Lichens are considered the most reliable biomonitors according
to their specific physiological, morphological and anatomical characteristics [17-18]. The possibility of transplanting
healthy lichens into areas suspected of being polluted, and monitoring physiological parameters such as respiration and
photosynthesis, to give a rapid indication of pollution levels is obvious.

Aerial or sub-aerial algae would also be ideal as indicators of air pollution because of ease of handling, range
of species specific sensitivity which is greater than in higher plants and much quicker physiological responses to air
chemistry than occur in high plants. Many of the cortecolous, lithophilous, epiphytic algae, liverworts and fern
gametophytes are ideally suited as air biological monitoring organisms. Using both pollution tolerant and pollution
sensitive species would be best for air quality indication. Especially suitable as test organisms in the Air Biomonitor are
the microalgae found in both aerial and sub aerial habitats such as species of Chlamydomonas, Chlorella, Chlorococcum,
Chlorosarcina, Chlorosarcinopsis, Gloeocystis, Chlorhormidium Pleurococcus, Stichococcus, Trebouxia, Chroococcus,
Gloeocapsa, Nostoc, Oscillatoria, Schizothrix, and Scytonema and the diatoms- Navicula and Nitzschia etc.

Air pollutants are absorbed by Tillandsia usneoides, commonly called Spanish moss, is a relative of the
pineapple (order Bromeliales, family Bromeliaceae, genus Tillandsia (air plant), and species usneoides) (Spanish moss).
In fact, it is an epiphyte, a plant that gains all of its moisture and nutrients from the air (Arny). The thin trichomes
(scales) that cover the whole plant, these trichomes play an important role in the absorption of moisture and nutrients
from the air. The trachomas act as pumps, and draw moisture and dissolved minerals into the plants through the stomata
(Arny). This indicates that whatever is present in the air including pollutants will be absorbed by the plants.

Spider Webs acts as an efficient traps of airborne particulates and provide a useful indicator for monitoring
environmental pollutants because they are unexpensive and easy to collect and are widespread in urban areas and acts
as best indicators of heavy metal pollution e.g. (Pb, Zn, Cu, Cd etc.) in air e.g. Achaearanea tepidariorum, Araneus
ventricosus [19].

Bryophytes are powerful pollution indicators of air quality on the grounds that they have no roots, no fingernail
skin, and acquire all their supplements from immediate introduction to the climate. Their high surface region to volume
ratio further supports the theory of their use as a bio indicator, or supports their ability to capture contaminates from the
air [20]. The roadside plant leaves can be measured by their exposure to air pollutants as well as their reaction as stressor
against them, yet in an industrial area the response from several growing plants has been monitored biochemically and
physiologically through proper investigation [21-26]. Plants are used as very sensitive tools for prediction and
recognition of environmental stresses [27]. The herbs, shrubs and trees differ in their sensitivity levels to air pollutants
and the sensitivity level is usually in the order of: herbs > shrubs > trees. Plants are efficient enough not only to reduce
outdoor air pollution but various studies have reported the effects of some plants on the enhancement of indoor air
quality by absorbing air-borne contaminants such as volatile organic compounds [28-33]. Changes in sensitive species
of herbs and grasses occur much earlier than in shrub and tree populations. Generally, the degree of ‘Crown die-back’
and death of trees is directly related to the level of SO,, NO; HF and HCI pollution of air. Tulsi (Ocimum sanctum) is
sensitive to pollution and a minor change in pollution level is also been detected by this plant. Certain visual observations
on the plant supported our prediction that Tulsi can be used as effective bioindicator for determining the increased level
of nitrogen and sulphur status in atmosphere.

Pine tree barks and needles acts as indicators of different degrees of heavy metal pollution (Urban, Industrial,
highway) concentrations e.g. lead (pb), zinc (Zn), nickel (Ni), cromium (Cr) e.g. Turkish red pine (Pinus brutia Ten.),
Italian stone pine (Pinus Pinea L.), Australian pine (Pinus nigra) etc.

The responses of plants to pollutants may provide a simple way of monitoring air pollutants as well as providing
the pollution abatement measures. Honey bee is an efficient pollution indicator that reacts quickly to various external
factors likely to be used to determine environmental quality [34-43]. As a consequence of atmospheric nuclear testing,
bee has been monitored as an indicator of radionuclide strontioum 90 in the environment [44]. But in cases of
environmental pollution, existing problem in the environment is monitored by determining the traces in plant and animal
origins along with honey bees and humans [45-46].

Birds as air and noise pollution indicators, indicates environmental contaminants which are widely distributed
in the ecosystem, sensitive to toxins and high on the food chain [47-48]. Birds are easily getting short lived species after
disturbance in their habitat and some air pollution activities may affect with physiological changes [49-50]. Bird’s eggs
are also good indicators of local source, since most bird in tropical and temperate regions spend many weeks on the
breeding grounds before they lay eggs acquiring sufficient resources locally to produce the eggs. The wild birds use
different sources of food and water in a relatively large area and thus the level of trace elements in bird's organs and
feathers may reflect the levels of toxic elements in their entire home range. So, birds may give a better picture of hazards
to man than measurements in the physical environment, plants or invertebrates [51]. Pigeons as an indicator species for
monitoring air pollution and heavy metals like Zn, Pb causes DNA damage and traces of which is found in kidney, lung,
liver and blood of pigeons e.g. Wild pigeons [52].
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Bats are responsive to environment stressors and stable taxonomically, providing a wide range of services from
pollination to pest control in the ecosystem [53-54]. A key character of appropriate pollution indicators like bat is to
respond to alterations in an ecosystem, e.g. the ones in drought, agricultural practices, urbanization, light pollution and
heavy metals [55-57].

2.2 SOIL POLLUTION INDICATORS:

Biological material (grass, leaves, bark, pine needles) in soil are analyzed to evaluate the possible uptake of
contaminants and the relationship with the pollution sources. Fungi (Fusarium sp, Trichoderma sp, Aspergillus sp and
Rhizoctonia sp) bacteria (Bacillus sp). Microbial counts responds to the presence of heavy metals in the soil and thus
serve as microbial indicator species for metal pollution. Macro invertebrates indicators of pollution by heavy metals soil
invertebrates respond to different environmental factors, including direct effect of heavy metals, suggesting confounding
factors generating spurious relationships between the values of species as bio indicators and the pollution.

Algal species e.g. Chlorella vulgaris, C. pyrenoidosa, Hormidium flaccidum etc. Any change in the physio-
chemical factors alters the composition of algal flora. Soil pollutants are minerals, nitrates, nitrites, sulfates, phosphates,
anthropogenic pollutants. Soils are usually sampled for assessing their agricultural quality and evaluating contamination
levels in polluted sites for heavy metals (pb, cd, Hg etc.), E.C, pH, texture etc.

Earthworm dead tissues increase the level of harmful chemicals in food chain and in this way soil health is
indicated by these biological indicators with their particular behaviour in toxic soils. By means of 'earthworm acute
toxicity test' possible risk of environmental pollutants on invertebrates of soil has been examined [58]. Both environment
and human life are in danger, due to high levels of pesticides and heavy metals, which cause soil pollution, with the
exposed organisms being the greatest invaders of such kind of complex effects is shown by earthworms [59-60].

2.3 WATER POLLUTION INDICATORS:

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. The most important heavy metals from the point of view of water
pollution are Zn, Cu, Pb, Cd, Hg, Ni and Cr. Some of these metals (e.g. Cu, Ni, Cr and Zn) are essential trace metals to
living organisms, but become toxic at higher concentrations. Others, such as Pb and Cd have no known biological
function but are toxic elements. In the attempt to define and measure the effects and presence of pollutants on aquatic
system, biomarkers play an important role [61]. Various aquatic organisms occur in rivers, lakes, seas and marines
potentially useful as biomarkers of metal pollutants, including fish, shellfish, oyster, mussels, clams, aquatic animals
and aquatic plants and algae.

Microorganisms have a rapid rate of growth and react to even low levels of contaminants easily with indication
of physicochemical and biological changes due to any change [62- 67]. Microorganisms are an important part of biomass
and responsible for the majority of productivity and nutrient cycles of ecosystem [68].

Bacteria as indicator can be used in a variety of ways to detect environmental pollutants by changes in their
habitat, morphological and chemical response toward activity. The presence of toxins in environment can be easily
monitored either by changes in the digestion system of bacteria which is hindered or disturbed by the presence of toxins
which may result in changes in bacterial species [69-75].

Zooplanktons are play an important role as pollution indicator and help to evaluate the level of water pollution.
They are a vital part in indicating water quality, eutrophication and production of a freshwater body. Various species
with their habitat of zooplankton is major indication of pollution. In order to determine the status of a freshwater body
it is necessary to measure seasonal variations and presence of zooplanktons [76]. The potential of zooplankton as a
bioindicator species is high on the grounds that their development and conveyance are subject to some abiotic (e.g.
temperature, saltiness, stratification, and pollutants) and biotic parameters (e.g. limitation of food, predation, and
competition) in ecosystem [77].

Marine Algae e.g. A. curicuatum, C. gracilis and P. capillacea are important pollution indicators of heavy metals
(Co, Cr, Cu, Fe, Mn, Ni and Zn ) in seas. Hydrophytes (Phragmites australis, Typha angustifolia, Potamogeton
pectinatus, Ranunculus sphaerosphermus and Groenlandia densa) acts as bioindicators of iron and manganese pollutions
in marshes and lakes. Green Algae (Enteromorpha intestinalis and Cladophora glomerata) acts as Bioindicators of Heavy
Metal Pollution (manganese (Mn), copper (Cu), Zinc (Zn), Arsenic (As), cadmium (Cd) and lead (Pb) in stream.

Phytoplankton is shown major responses to alterations in environmental pollution conditions such as
anthropogenic activity, industrial effluent contamination and other sources that introduced eutrophications in to waters
bodies. Their presence or absence from the community indicates changes in physico-chemical environment of the water
bodies [78]. For Example, Cynophyta, a type of phytoplankton, is one particularly powerful pollution indicator which
is known to indicate rapid eutrophication of water bodies such as reservoirs, lakes, etc. via the creation of bloom
formations [79]. Aquatic plants provide valuable information to predict the status of water environment, as they are
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immobile and rapidly obtain equilibrium with their natural surrounding as caused by changes such as increases in the
level of pollutants [80].

Somatic coliphages, bacterial indicators E. coli, total coliforms (TC) and faecal coliforms (FC) acts as bacterial
indicators of bathing water. Coliforms The fecal streptococci have been used extensively as indicator bacteria in aquatic
systems and this precedent has also been used to monitor the level of fecal contamination in soil. Any organism used in
such a manner must represent a fecal source, be foreign to the soil environment, and possess characteristics which allow
its differentiation from any other closely related organisms. Such criteria have been applied to certain fecal streptococcal
biotypes as indicators of soil pollution, as Indicator of Faecal Pollution of water due to: they are abundant in faeces and
they are generally found only in polluted waters.

Changes in water and habitat have been recorded from the use of feasible indicator acts as environmental
logbooks which are the properties of freshwater mussels [81-86]. Alterations in habitat are promoted by humans; an
ordered damming of creeks and rivers has had the most significant effect on freshwater mussels (Neves, 1993). The
physical, chemical, and biological attributes of numerous rivers have changed from shallow flowing habitats to long
linear pools drastically [87- 90]. Sedimentation is another process with harmful impacts on freshwater mussel
communities.

Fishes are particularly vulnerable and heavily exposed to pollution because they cannot escape from the
detrimental effects of aquatic pollutants [91-93]. All fish species are specific for their habitat so if high contamination
of water easily shown by activities of fishes even the can die with major change in environment of water. Fish are located
at the end of the aquatic food chain and may accumulate metals and pass them to human beings through food causing
chronic or acute diseases [94-104]. Fish scales (Puntius sarana sarana (Hamilton), and Labeo rohita (Hamilton) due to
Silicates, Nitrates, Cu, Fe, Mn, Pb, Zn, Ca etc causing damage of lepidonts on marginal circuli, Disruption of circuli
and damaged lepidonts due to pollution of water.

Amphibians, particularly anurans which consist of frogs and toads, are increasingly used as pollution indicators
of contaminant accumulation in environmental studies [105]. They also have permeable skin that can easily absorb toxic
chemicals, making them a model organism for assessing the effects of environmental factors that may cause the declines
of the amphibian population. These factors allow them to be used as pollution indicator organisms to follow changes in
their habitats and in eco toxicological studies due to humans increasing demands on the environment [106].

Any pollution indicator may indicate harmful changes caused due to pollution into the ecosystem by variations
in the populations, loss and changes in their activity. The change in response, presence and absence of any pollution
indicator is indicating major changes in environment due to restricted contamination.

3. CONCLUSION:

In view of the existing state, environmental pollution has major impacts on the disturbance of biodiversity of
ecosystem therefore indication of pollution in early stage is important. Alarm of changes in environment only possible
by understand with all living pollution indicators. Although it is very difficult to make our environment free from
pollution but it can be observed by indication of studied living organism before major harm. All environment pollution
indicators are representative of nature to provide us knowledge of any change in our surrounding. Furthermore, focus
on study of interferences that creates disturbance in the environment, causing pollution and leading to the loss of
ecosystem services are necessary in future.

ACKNOWLEDGEMENT:
The authors acknowledge the help received from our institution and everyone for encouragement of this review work
with kind blessings to publish this paper.

REFERENCES:

1. Parmar T.K., Rawtani D, and Agrawal Y .K, (2016): Bioindicators: the natural indicator of environmental pollution:
Frontiers in Life Science, 9, 110-118.

2. Peterson W, T, (1986): The effects of seasonal variations in stratification on plankton ~ dynamics in Long Island
Sound. In; Bowman MJ, Yentsch CM, Peterson WT, editors. Tidal mixing and plankton dynamics.
Berlin: Springer-Verlag. 17.

3. Wilkomirski B, (2013): History of bioindication (Historiabio bioindykacji) Monitoring: Srodowiska
Przyrodniczego, 14, 137-142.

4. Posudin Y, (2005): Bioindication, in Methods of Measuring Environmental Parameters. John Wiley & Sons, Inc.,
Hoboken, NJ, USA. Proceeding of XXXIX" Apimondia International Apicultural congress, Dublin, Ireland. 145 —
146.

Available online on - WWW.IJIRMF.COM Page 60



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD  ISSN: 2455-0620 Volume - 6, Issue - 10, Oct — 2020
Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87 Impact Factor: 6.719
Received Date: 29/09/2020 Acceptance Date: 14/10/2020 Publication Date: 31/10/2020

5. Landres P.B., Verner J and Thomas J.W, (1988): Ecological uses of vertebrate indicator species: a critique: Conserv
Biol, 2, 316-328.

6. Bartell S.M, (2006): Biomarkers, bioindicators, and ecological risk assessment, a brief review and evaluation:
Environ, Bioindic, 1, 39-52.

7. Spellerberg I.F, (2005): Monitoring Ecological Change. Cambridge University Press, Cambridge.

8. Cairns J., and Pratt JR, (1993): A history of biological monitoring using benthic macroinvertebrates. In: Freshwater
Biomonitoring and Benthic Macroinvertebrates. Chapman & Hall, New York, 10-27.

9. Asif N., Malik M.F and Chaudhry F.N, (2018): A Review of on Environmental Pollution Bioindicators: Pollution,
4(1), 111-118.

10.Ahmed A.H.S, Aaron M.E, Alison O, Claudia V.L and Matthew K.L, (2016): How do ecologists select and use
indicator species to monitor ecological change? Insights from 14 years of publication in Ecological Indicators:
Ecological Indicators. 60, 223-230.

11.McGeoch M.A, (1998): Selection, testing and application of terrestrial insects as bioindicators: Biol Rev Camb
Philos Soc,73, 181-201.

12.Schuhmacher M., Nadal M, and Domingo J.L, (2009): Environmental monitoring of PCDD/Fs and metals in the
vicinity of a cement plant after using sewage sludge as a secondary fuel: Chemosphere. 74, 1502-1508.

13.Yazici K., and Aslan A, (2006): Distribution of epiphytic lichens and air pollution in the city of Trabzon, Turkey:
Bull Environ Contam Toxicol, 77, 838-845.

14.Bingol A., Aslan A., and Cakici, (2009): Biosorption of chromate anions from agueous solution by a cationic
surfactant-modified lichen (Cladonia rangiformis (L.): J Hazard Mater 161, 747-752.

15.Cicek A., Koparal A.S., Aslan A., and Yazici K, (2008): Accumulation of heavy metals from motor vehicles in
transplanted lichens in an urban area: Commun Soil Sci Plant Anal, 39,168-176.

16.Brodo 1.M, (1961): Transplant experiments with coricolous lichens using a new technique: Ecology, 42, 838-841.

17.Battal P., Aslan A., and Cakici A, (2009): Effect of air pollutant sulfurdioxide on phytohormone levels in some
lichens: Fres Environ Bull, 13, 436-440.

18.Showman R.E, (1998): Mapping air quality with lichens, the North American experience. In: Lichens, Bryophytes
and air quality. Nash, T.H., Writh, V. (Eds.). Cramer, Berlin. 67-89.

19.Xiao-Li S., Yu P., Hose G.C., Jian C, and Feng-Xiang L, (2006): Spider Webs as Indicators of Heavy Metal
Pollution in Air: Bull Environ Contam Toxicol, 76, 271-277.

20.Holt E.A., Miller S.W, (2010): Bioindicators: using organisms to measure environmental impacts: Nature, 3, 8-13.

21.Sharma A.P., Rai P.K, and Tripathi B.D, (2007): Magnetic Biomonitoring of Roadside Tree Leaves as a Proxy of
Vehicular Pollution. In: Urban Planing and Environment: Strategies and Challenges, Lakshmi Lakshmi Vyas (Ed.),
Mc Millan Advanced Research Series: 326-331.

22.Pandey S.K., Tripathi B.D., Prajapati S.K., Mishra V.K., Upadhyay A.R., Rai P.K, and Sharma A.P,
(2005): Magnetic properties of vehicle derived particulates and amelioration by Ficus infectoria: a keystone species.
Ambio: A Journal on Human Environment, 34, 645-646.

23.Gupta S., Bhattacharya D., Datta J.K., Nayek S, and Satpati S, (2009): Effects of vehicular emissions
on biochemical constituents of leaves: Pollut Res. 28, 157-160.

24.Gupta S., Nayek S, and Bhattacharya P, (2011): Effect of air-borne heavy metals on the biochemical signature of
tree species in an industrial region, with an emphasis on anticipated performance index: Chemistry and Ecology.
27, 381-392.

25.Joshi N., Chauhan A, and Joshi P.C, (2009): Impact of industrial air pollutants on some biochemical parameters
and yield in wheat and mustard plants: Environmentalist, 29,398-404.

26.Sharma A.P and Tripathi B.D, (2009): Biochemical response in tree foliage exposed to coal-fired power plant
emission in seasonally dry tropical environment: Environ Monit Assess, 158, 197-212.

27.Joanna B, (2006): Bioindicators: types, development, and use in ecological assessment and research: Environ
Bioind, 1, 22—-39.

28.Wolverton B.C, and Wolverton J.D., (1993): Plants and soil microorganisms: removal of
formaldehyde, ethylbenzene, and ammonia from the indoor environment: J Miss Aca Sci, 38, 11-15.

29.Giese M., Bauer-Doranth U., Langebartels C, and Sandermann H.J, (1994): Detoxification of formaldehyde by the
spider plant (Chlorophytumcomosum L.) and by soybean (Glycine max L.) cell-suspension cultures: Plant Physiol,
104,1301-1309.

30.Agrawal M., Singh B., Rajput M., Marshall F., and Bell J.N, (2003): Effect of air pollution on peri-
urban agriculture: a case study: Environ Pollution, 126,323-329.

31.Kim K.J., Kil M.J., Song J.S, and Yoo E.H, (2008): Efficiency of volatile formaldehyde removal by indoor plants:
contribution of aerial plant parts versus the root zone: Hort sci, 133, 521-526.

Available online on - WWW.IJIRMF.COM Page 61


https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiao-Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16468006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16468006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hose%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=16468006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jian%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16468006
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng-Xiang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16468006

INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD  ISSN: 2455-0620 Volume - 6, Issue - 10, Oct — 2020
Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87 Impact Factor: 6.719
Received Date: 29/09/2020 Acceptance Date: 14/10/2020 Publication Date: 31/10/2020

32.Wood R.A., Orwell R.L., Tarran J., Torpy F, and Burchett M.D, (2002): Potted plant-growth media: interactions
and capacities in removal of volatiles from indoor air: J Env Horti Biotechnol, 77,120-129.

33.0rwell R.L., Wood R.L., Tarran J., Torpy F, and Burchett M.D, (2004) Removal of benzene by the indoor
plant/substrate microcosm and implications for air quality: Water Air Soil Pollut, 157, 193-207.

34.Hughes M.H, and Parmalee P.W, (1999): Prehistoric and modern freshwater mussel (mollusca: bivalvia) faunas of
the Tennessee River: Alabama, Kentucky, and Tennessee. Regulated Rivers: Research and Management, 15, 24-
42,

35.Marking L.L, and Bills T.D,,(1979): Acute effects of silt and sand sedimentation on freshwater mussels.
Rasmussen, J.R., ed. Proceedings of the UMRCC symposium on Upper Mississippi River bivalve mollusks. Upper
Mississippi River Conservation Committee, Rock Island, Illinois, 204-211.

36.Crane E, (1984): Bees, honey and pollen as indicators of metals in the environment: Bee World, 55, 47-49.

37.Bilalov F.S., Kolupaev B.l., Kotov Y.S., Musaramova S.S and Skrebneva L.A, (1992): Bee products and
environmental control: Pchelovodstvo, 12, 4-6.

38.Jeliazkova I., Marinova M, and Peneva V, (2001): Honey bee and their products as bioindicators for environmental
pollution. Study on mineral content of body of bee-workers received different doses of microelements with their
food: J Ani Sci, 38,37-40.

39.Jeliazkova 1., Marinova M, and Gurgulova K, (2002): Honey bee and their products as bioindicators for
environmental pollution. Influence of sub-feeding of bee families with microelements contaminated sugar solution
on content of those elements in bee organism: J Animal Sci, 39, 154-157.

40.Fakhimzadeh K., Lodenius M., Kujala J., Kahioloto H, and Tulisalo E, (2005): Using beesand hive products to
assess metal pollution in Finland. In: Proceeding of XXXIX™ Apimondia International Apicultural congress. 52.

41.Zhelyazkova 1., Marinova M., and Gurgulova K, (2004): Changes in the quantity of heavy metals in
the haemolymph of worker bees fed micro-element contaminated sugar solution: Aricilik, 4, 77 — 80.

42.E. Bianu and D. Nica (2006): Honeybees — bioindicators in a heavy metals polluted area. In: Proceedings of the
Second European Conference of Apidology EurBee, Prague, Czech Republic, 10-16.

43.Gallina A., Baggio A., and Mutinelli F, (2005): Heavy metal contamination of honey in Veneto region
(Northheastern Italy): an overview of the situation 2003 — 2004 In: bioindicators: Biological Reviews, 73, 181-
201.

44.Spodniewska A, and Romaniuk K, (2006): Concentration of lead and cadmium in bees and bee bread. In:
Proceedings of the Second European Conference of Apidology EurBee, Pragque, Czech Republic. 10-16.

45.Eneva S., and Todorova M, (2004): Content of heavy metals in leached maroon forest soils in the region of the
Agrobiochim — Stara Zagora. Journal of Agricultural Science and Forest Science, 2: 65-67.

46.Petkov G., Yablanski T., Todorova M., Pavlov D., Kostadinova G, and Barakova V, (2010): Ecological assessment
of soils from parks and places in Stara Zagora: Journal of Agricultural Science and Forest Science, 9, 24-31.

47.Heino J., Paavola R., Virtanen R., and Muotka T, (2005): Searching for biodiversity indicators in running waters:
do bryophytes, macroinvertebrates, and fish show congruent diversity patterns?: Biodiversity and
Conservation,14,415-428.

48.Fu C., Wu J., Chen J., Wu Q., and Lei G, (2003): Freshwater fish biodiversity in the Yangtze River basin of China:
patterns, threats and conservation: Biodiversity and Conservation, 12, 1649-1685.

49.Tershy B.R., Breese D, and Croll D.A, (1997): Human perturbations and conservation strategies for San Pedro
Martir Island, Islas del Golfo de California Reserve, México. Environmental Conservation. 24, 261-270.

50.Newsome D., Lewis A, and Moncrieff D, (2004): Impacts and risks associated with developing, but unsupervised,
stingray tourism at Hamelin Bay, Western Australia: Int J Tou Res, 6, 305-323.

51.Adout A., Hawlena D., Mamana R., and Karpas Z, (2007): Determination of trace elements in pigeon and raven
feathers by ICPMS: International Journal of Mass Spectrometry, 267, 109-116.

52.Schilderman P.A.E.L., Hoogewerff J.A., Schooten F.J.VV., Maas L.M., Moonen E.J.C., Os B.J.H.V., Wijnen J.H.V,
and Kleinjans J.C.S, (2007): Possible Relevance of Pigeons as an Indicator Species for Monitoring Air Pollution,
Environ Health Perspec,105(3), 322-330.

53.Jones G., Jacobs D.S., Kunz T.H., Willig M.R, and Racey P.A, (2009): Carpe noctem: the importance of bats as
bioindicators: Endangered Species Research, 8, 93-115.

54. Amorim F., Mata V.A., Beja P., and Rebelo H, (2015): Effects of a drought episode on the reproductive success
of European free-tailed bats, Tadarida teniotis: Mammalian Biology. 80, 228-236.

55.Park K, (2015): Mitigating the impacts of agriculture on biodiversity: bats and their potential role as bioindicators:
Mammalian Biology, 80,191-204.

56.Ancillotto L., and Russo D, (2015): Sensitivity of bats to urbanization: a review: Mammalian Biology. 80, 205-212.

57.Zukal J., Pikula J., and Bandouchova H, (2015): Bats as bioindicators of heavy metal pollution: history and
prospect: Mammalian Biology, 80, 220-227.

Available online on - WWW.IJIRMF.COM Page 62



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD  ISSN: 2455-0620 Volume - 6, Issue - 10, Oct — 2020
Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87 Impact Factor: 6.719
Received Date: 29/09/2020 Acceptance Date: 14/10/2020 Publication Date: 31/10/2020

58.Anonymous, (1984). Guidelines for the testing of chemicals No. 207. Earthworm acute toxicity tests: OECD.

59.Eguchi S., Hatano R., and Sakuma T, (1995): Toshio effect of earthworms on the decomposition of soil organic
matter: Nippon Dojo-Hiryogaku Zasshi, 66, 165-167.

60.Svendsen C., Spurgeon D.J., Hankard P.K, and Weeks J.M, (2004): A review of lysosomal membrane stability
measured by neutral red retention: is it a workable earthworm biomarker? Ecotoxicology and Environmental Safety,
57, 20-29.

61.Dogan M, and Kyzylkaya B, (2010): Some air and water pollution indicators in and around the Lake Abant Turkey:
J Black Sea/Mediterranean Environment, 47 (5), 87.

62.Underwood D.L.A, and Shapiro A.M, (1999): Evidence for division of labor in the social caterpillar Eucheira
socialis (Lepidoptera: Pieridae): Behav Ecol Sociobiol: 46: 228-236.

63.Hans W., Dyble P.J., Moisander P.H., Noble R.T., Piehler M.F., Pinckney J.L., Steppe T.F., Twomey L., Valdes
L.M, (2003): Microbial indicators of aquatic ecosystem change: current applications to eutrophication studies:
FEMS Microbiol Ecol, 46, 233-246.

64.Jha P, and Barat S, (2003): Hydrobiological study of Lake Mirik in Darjeeling, Himalayas: J Environ Biol, 24,339—
344.

65.Markert B.A., Breure A.M and Zechmeister H.G, (2003): Chapter 1 definitions, strategies and principles for
bioindication/ biomonitoring of the environment: Trace Metals Other Contam Environ, 6,3-39.

66.Pradhan A., Bhaumik P., Das S., Mishra M., Khanam S., Hoque B.A., Mukherjee I., Thakur A.R., Chaudhuri S.R,
(2008): Phytoplankton diversity as indicator of water quality for fish cultivation. Am J Environ Sci, 4, 406-411.

67.Nkwoji J.A., Igho J.K., Adeleye A.O., Obienu J.A., Tony-Obiagwu M.J, (2010): Implications of bioindicators in
ecological health: study of a coastal lagoon, Lagos, Nigeria: Agric Biol J Noth Am, 1, 683-6809.

68.Khatri N, and Tyagi S,(2015): Influences of natural and anthropogenic factors on surface and groundwater quality
in rural and urban areas: Front Life Sci, 8, 23-39.

69.Arora H.C, (1966): Rotifer as indicators of trophic nature of environments: J Hydrobiologia, 27, 146-159.

70.Grizzle R.E, (1984): Pollution indicator species of macro benthos in a coastal lagoon: Mar Ecol Prog Ser, 18, 191
200.

71.Butterworth F.M., Gunatilaka A., Gonsebatt M.E, (2001): Biomonitors and biomarkers as indicators
of environmental change, Boston (MA): Springer Science & Business Media.

72.Uttah E.C., Uttah C., Akpan P.A., Ikpeme E.M., Ogbeche J, and Usip J.0,(2008): Bio-survey of plankton as
indicators of water quality for recreational activities in Calabar River, Nigeria: J Appl Sci Environ Manage, 12, 35—
42,

73.0berholster P.J., Botha A., Ashton P.J, (2009): The influence of a toxic cyanobacterial bloom and water hydrology
on algal populations and macroinvertebrate abundance in the upper littoral zone of Lake Krugersdrift, South Africa:
Ecotoxicology, 18, 34-46.

74.Aslam M., Verma D.K., Dhakerya R., Rais S., Alam M., Ansari F.A, (2012) Bioindicator: A Comparative Study
on Uptake and Accumulation of Heavy Metals in Some Plant’s Leaves of M.G. Road, Agra City, India: Research
Journal of Environment and Earth Sciences, 4 (12), 1060-1070.

75.Jain A., Singh B.N., Singh S.P., Singh H.B., Singh S, (2010): Exploring biodiversity as bioindicators for water
pollution. National Conference on Biodiversity, Development and Poverty Alleviation; Uttar Pradesh. Lucknow
(India): Uttar Pradesh State Biodiversity Board.

76.Zannatul F and Muktadir A.K.M, (2009): A review: potentiality of zooplankton as bioindicator: Am J Appl Sci,
6,1815-1819.

77.Ramchandra T.V., Rishiram R., Karthik B, (2006): Zooplanktons as bioindicators: hydro biological investigation
in selected Bangalore lakes: Technical report, 115.

78.Walsh G.E, (1978): Toxic effects of pollutants on plankton. In: Butler GC, editor. Principles of ecotoxicologyNew
York (NY): Wiley, 257-274.

79.Thakur R.K., Jindal R., Singh U.B, and Ahluwalia A.S,(2013): Plankton diversity and water quality assessment of
three freshwater lakes of Mandi (Himachal Pradesh, India) with special reference to planktonic indicators: Environ
Monit Assess, 185: 8355— 8373.

80.Klemm D.J, (1990): Macro invertebrate field and laboratory methods for evaluating the biological integrity of
surface waters: Cincinnati (OH): EPA.

81.0rtmann A.E, (1909): The destruction of the fresh-water fauna in western Pennsylvania. Proceedings of the
American Philosophical Society, 48, 90-110.

82.Wurtz C.B, (1956): Fresh-water mollusks and stream pollution: Nautilus, 69, 96-100.

83.Bedford J.W., Roelofs E.W., and Zabik M.J, (1968): The freshwater mussel as a biological monitor of pesticide
concentrations in a lotic environment: Limnology and Oceanography, 13: 118-126.

Available online on - WWW.IJIRMF.COM Page 63



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD  ISSN: 2455-0620 Volume - 6, Issue - 10, Oct — 2020
Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87 Impact Factor: 6.719
Received Date: 29/09/2020 Acceptance Date: 14/10/2020 Publication Date: 31/10/2020

84.Simmons G.M, and Reed J.R, (1973): Mussels as indicators of biological zone recovery: Water Pollution Control
Federation, 45, 2480-2492.

85.Imlay M.J, (1982): The use of shells of freshwater mussels in monitoring heavy metals and environmental stresses:
a review: Malacological Review, 15, 1-14.

86.Naimo T.J, (1995): A review of the effects of heavy metals on freshwater mussels: Ecotoxicology, 4, 341-362.

87.Yeager B.L., Dams C.F., and Rutherford D.A eds. (1993): Impacts on warm water streams: guidelines for
evaluation. Warmwater Stream Committee, Southern Division, American Fisheries Society, Little Rock, Arkansas,
57-113.

88.Ellis M.M, (1917): Fresh-water impoundments. Transactions of the American Fisheries Soceity, 71% Annual
Meeting, The Unionidae of Lake Maxinkukee. Proceedings of the Indiana Academy of Science, 251- 285.

89.Bates J.M, (1962): The impact of impoundment on the mussel fauna of Kentucky Reservoir, Tennessee River.
American Midland Naturalist, 68, 232-236.

90.Coon T.G., Eckblad, J.W and Trygstad P.W (1977): Relative abundance and growth of mussels (Mollusca:
Eulamellibranchia) in pools 8, 9, and 10 of the Mississippi River: Freshwater Biology, 7, 279-285.

91.Adams S.M., Ryon M.G.A, (1994): A comparison of health assessment approaches for evaluating the effects of
contaminant-related stress on fish populations: J Aquat Ecosyst Health, 3, 15-25.

92.Khallaf E.A., Galal M., and Authman M (1998): Assessment of heavy metals pollution and their effects on
Oreochromis niloticus in aquatic drainage canals:J Egypt Ger Soc Zool. 26,39-74.

93.Whitfield A.K, and Elliott M, (2002): Fishes as indicators of environmental and ecological changes within
estuaries: a review of progress and some suggestions for the future: J Fish Biol, 61, 229-250.

94.Khallaf E.A., Galal M, and Authman M, (2003): The biology of Oreochromis niloticus in a polluted canal:
Ecotoxicology, 12, 405-416.

95.Moiseenko T.l., Gashkina N.A., Sharova Y.N., Kudryavtseva L.P, (2008): Ecotoxicological assessment of water
guality and ecosystem health: A case study of the Volga River: Ecotoxicol Environ Saf, 71: 837-850.

96.Authman M.M.N., and Abbas H.H.H, (2007): Accumulation and distribution of copper and zinc in both water and
some vital tissues of two fish species (Tilapia zillii and Mugil cephalus) of Lake Qarun, Fayoum Province: Egypt
Pak J Biol Sci, 10, 2106-2122.

97.Authman M.M.N., Bayoumy E.M., and Kenawy A.M, (2008): Heavy metal concentrations and liver histopathology
of Oreochromis niloticus in relation to aquatic pollution: Global Vet, 2, 110-116.

98.Authman M.M.N, (2011): Environmental and experimental studies of aluminium toxicity on the liver of
Oreochromis niloticus (Linnaeus, 1758) fish: Life Sci J, 8, 764-776.

99.Authman M.M.N., Abbas W.T., and Gaafar A.Y, (2012): Metals concentrations in Nile tilapia
Oreochromis niloticus (Linnaeus, 1758) from illegal fish farm in Al-Minufiya Province, Egypt and their effects on
some tissues structures: Ecotoxicol Environ Sa, 84, 163-172.

100. Authman M.M.N., Abbas H.H., and Abbas W.T, (2013a): Assessment of metal status in drainage canal water and
their bioaccumulation in Oreochromis niloticus fish in relation to human health: Environ Mon Assess, 185, 891-
907.

101. Authman M.M.N., Ibrahim S.A., El-Kasheif M.A., and Gaber H.S. (2013b): Heavy metals pollution and their
effects on gills and liver of the Nile Catfish Clarias gariepinus inhabiting EI-Rahawy Drain Egypt: Global Vet, 10,
103-115.

102. Abumourad I.M.K., Abbas W.T., Authman M.M.N., Girgis S.M, (2014): Environmental impact of heavy metal
pollution on metallothionein expression in Nile Tilapia: Res J Pharm Biol Chem Sci, 5, 998-1005.

103.Gaber H.S., Abbas W.T., Authman, M.M.N., Gaber S.A, (2014): Histological and biochemical studies on some
organs of two fish species in Bardawil Lagoon, North Sinai, Egypt: Global Vet, 12: 1-11.

104. Zaki M.S., Authman M.M.N., Hammam A.M.M, and Shalaby S.I, (2014): Aquatic environmental pollution in
the Egyptian countryside and its effect on fish production (Review): Life Sci J, 11, 1024-1029.

105. Lambert, M. R. K, (1997): "Environmental Effects of Heavy Spillage from a Destroyed Pesticide Store near
Hargeisa (Somaliland) Assessed During the Dry Season, Using Reptiles and Amphibians as Bioindicators™: Arch
Env Cont and Toxi, 32 (1), 80-93.

106. Carmem S., Larissa R., Bastao de S.R., Danielli G., Guilherme T, (2011): Bioindicators and Biomarkers in the
Assessment of Soil Toxicity, 143-168.

Available online on - WWW.IJIRMF.COM Page 64



