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Abstract

Environmental pollution from varied sources is now deemed as one of the most serious problems everywhere.
Several pollutants, however, could be perceived by certain biological indicators, each one is used to identify
assured single or a category of pollutants. The current review presents the use of biotas, i.e., plants, microorganisms,
and animals, to perceive ecosystems pollutants. The most significant biological indicators are presented. The plant
indicators described belong to higher plants; the microbial indicators were represented by bacteria, fungi, algae,
planktons, lichens, helminthes eggs and enzymes and the animal ones were earthworms, macro-invertebrates, frogs
& toads, insects and animal toxins.
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Introduction
Environmental pollution, at the time being, is one of the
foremost problems worldwide. Pollutants must be de-
tected and remediated by several technological tools.
Biological indicators are living organisms, i.e., plants, an-
imals, and/or microorganisms, which are exploited to
detect pollutants in a given ecosystem. They explore the
life span or residence time of pollutants integrating past,
current, and future ecosystem status. They are support-
ive, objective, straightforward, applicable at various
scales, and reproducible. Naturally occurring biological
indicators are regularly used to assess a given ecosystem
detecting positive and negative changes therein. Khatri
and Tyagi (2015) emphasized the significance of caring
about the natural factors interacting with biological indi-
cators such as light, moisture, temperature, and sus-
pended solids. Chemical (Saber et al., 2016a) and
physical (Zaghloul et al., 2019) pollutants indicators
might oversight several irregular pollutant bursts. So, in-
tegration between biological, chemical, and physical pol-
lutant indicators is tremendously demanded.

This current review article appraises the concept be-
hind biological indicators, with particular emphasis on
their potential use in assessing terrestrial and aquatic
ecosystems pollution.

Ecosystem pollution
By definition, pollution is the introduction into a given
ecosystem of substances or energy liable to cause several
adverse impacts deteriorating health, harming biota,
damaging structures or amenity, and/or interfering with
the authentic uses of environment. Nowadays, the unre-
strained human behavior led to anxious pollution prob-
lems in ambient air, aquatic, and soil ecosystems and
food web as well. This became a hazard towards the
continued existence of many biological communities and
might ultimately jeopardize the survival of human race
on earth planet. Many biologically active substances
could act as pollutants; few of them might be without
adverse impacts on living organisms at some concentra-
tion (Butterworth et al., 2001; Holt and Miller, 2010).
Pollutants might be classified by their chemical compos-
ition and physical state or by their properties, i.e., solu-
bility, biodegradability, reactivity, and/or by sectors, i.e.,
air, aquatic, terrestrial, or by source, i.e., fuel combus-
tion, industry, or domestic. Almost all of these classifica-
tions are subjective, yet, the most regular classifications
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of pollutants are those attendants with their biological,
chemical, and physical properties. On the other hand,
pollutants’ classification on the basis of their functions is
affiliated to the current biological and physiological
knowledge. Generally, which system of these classifica-
tions is chosen evidently depends on the rationale for
which the information is being brought together.

Terrestrial and aquatic ecosystems pollution
Terrestrial and aquatic ecosystems are complex hetero-
geneous bio-colloidal medium, therein physical, chem-
ical, and biological phenomena apt to act towards a
dynamic equilibrium. The fate of a given pollutant is dir-
ectly governed by its ecological reactivity under various
circumstances. Pollution is certainly one of the most
vital traits of ecological degradation since the ecosystem
is the ultimate reservoir of most pollutants; it is usually
an outcome of insanitary habits, agricultural practices,
mistaken disposal of wastes, and fallout from atmos-
phere (Jain et al., 2010). No wastes should be disposed in
a terrestrial or aquatic ecosystem without having been
previously analyzed, both chemically and biologically, in
order to avoid the risk of impairing the ecosystem. Most
wastes contain extensive loads of pathogens, potential
toxic elements (PTEs), and emerging persistent organic
pollutants (Hoballah et al., 2014 & 2015 and Saber et al.,
2014). The development of guide lines of controls
should be based on field observations on the effect of
the sub-lethal concentrations of pollutants on terrestrial
and aquatic ecosystems. In response to disturbance or
stress, ecosystem health has been defined in terms of
ecosystem stability and resilience. Nevertheless, the mag-
nitude of a response and time to return to the current
state before pressure might serve as ecosystem health in-
struments (Khatri and Tyagi, 2015). A comprehensive
thoughtful of the inclusive significance of biological indi-
cators should be sustained upon a contemporary ecosys-
tem concept.

Biological indicators
Biotas are commonly used to describe the features of a
specific biosphere and are well recognized as biological
indicators (Gaston, 2000 and Joanna, 2006) frequently
used to study the severity of ecosystem changes (Gaston,
2000 and Marques, 2001).
The terminology “Biological Indicators” is an oversight

term that describes all sources of biotic and abiotic reac-
tions related to changes in a given ecosystem. Instead of
simply working as measures of natural change, taxa are
used to show the effects of natural changes in the envir-
onment, or changes in the ecosystem. They are habit-
ually used to identify and signify negative or positive
effects in natural environments. These could also be
used to detect changes in ecosystems due to the

occurrence of pollution that might affect the biodiversity
therein. No single biotas between the 1.7 million species
that currently documented on earth could satisfactorily
indicate every type of disturbance or stress in all ecosys-
tems (Holt and Miller, 2010). Always, established species
and local disturbances in a given ecosystems are suitable
for selecting the biological markers species or groups of
species. Ecologists have recently established a compre-
hensive set of criteria for biotas to be deemed as worthy
biological indicators.
Each entity in a biological system might functions as a

biological indicator for its surroundings. Certainly, the
strength of a given biological indicator always acts as an
early warning signal for pollution. They are frequently
used to detect the synergetic and antagonistic impacts of
various pollutants and to diagnose expected harmful im-
pacts of pollutants towards biota. An imperative criter-
ion for the biological indicator is the prompt and correct
response to pollution, fit for targeted purpose and ability
to detect changes brought about by depraved manage-
ment, wrong land use, pollution, and/or climate changes
in a given ecosystem. Responses to biological indicators
are essentially within a physiological context despite be-
ing in some cases contained by a complex nature. How-
ever, growth, nutrition, and reproduction are exceptions
inasmuch as they are subject to direct observation; des-
pite being among the most valuable biological indicators
evidences. On the other hand, structural responses are
the most visible of all but their exact use is the most
problematic since they stand at the end of a process ini-
tiated by the causative pollutant. Needless to say that the
different viable species of a community do not always re-
flect the same response to pollutants, nor do they re-
spond to any pollutant at the same degree. Many
ecosystems might be overviewed as a puzzle that is often
difficult to assign well-marked symptoms that definite a
given pollutant. For pollutants existing in an excessively
low concentration, boring analyses with highly sensitive
technologies are required to identify them at a prohibi-
tive cost. Once identified, they should be linked with all
potential biological hazards. Alternatively, a biological
indicator’s sensitivity range offers an image of pollutant
rates that are biologically significant, no matter how
small.
One major benefit of biological markers is their ability

to exhibit the indirect biotic effects of pollutants when
many physical or chemical investigations are unable to
do so. Scientists now agree that biotas alone are the best
predictor of how ecosystems will react to a stressor’s in-
vasion or occurrence, for example, an average tropical
rainforest habitualizing almost 300 tree species per hec-
tare and enumerating that species response to pollutants
disturbance would be impractical. In addition, a clear
signal of biological indication might be obscured by a

Zaghloul et al. Bulletin of the National Research Centre          (2020) 44:127 Page 2 of 11



disproportionate number of responses of divergent spe-
cies, as some species might increase while others de-
crease. When incorporating all of a pollutant’s direct
and indirect effects, emphasis should only be put on
sub-set biotas or single species to explain what is hap-
pening. This restricted approach makes more appropri-
ate and cost-effective biological measures. Biological
indicators often depend on the ecosystem’s troublesome
intricacies and use a representative and/or totaled reac-
tion to provide a complex image of the ecosystem’s state.
There are numerous benefits of biological indicators that
drove legislative authorities for their use and inclusion in
several international accords. But species of biological in-
dicators might be affected by factors other than disruption
or stress, such as disease, parasitism, competition, and/or
predation, which obscure the image of the causal mecha-
nisms of change. The use of biological indicators is also
limited to their ability as scale-dependent. For instances,
fish might fail to indicate the biodiversity response to pol-
lutants at a local insect community. In contrast, in their
natural ecosystem, species of biological indicators typically
have different habitat requirements than other species.
The monitoring of ecosystems for specific biological indi-
cators according to their habitat requirements could fail
to protect rare species with different requirements. Finally,
the overall goal of biological indicators is to use a single
species, or a small group of biotas to evaluate the quality
of a given ecosystem and how it changes over time, but
this could be a gross oversimplification of a complex eco-
system. Nkwoji et al. (2010) reported that biological indi-
cators continuously integrate knowledge from their
ecosystem’s genetic, physical, and chemical components
and manifest as changes in individual fitness, population
density, community structure, and ecosystem processes.
Biological metrics distinguish between what is and is not
biologically stable from a management point of view.
Through biological criteria, the effect of human disrup-
tions could be detected before doing anything to deter
them is too late.
The ultimate goal of any remediation process should

not only be to eliminate pollution, but also to preserve
the ecosystem health. Consequently, when assessing the
efficiency of a remediation technique, accurate biological
health measures are required. Nowadays, biological indi-
cators are exploited and endorsed by several organiza-
tions, e.g., the World Conservation Union, International
Union for Conservation of Nature, as tools to handle
biological monitoring. It seems reasonable to state that
the limitations of biological indicators are obviously
overshadowed by their benefits.

Plants, animals and microorganisms indicators
Biotas could often be used to estimate pollutant levels in
their habitats indirectly. It might also be possible to

track population density over time and notice changes
that might result from changes in the ecosystem. A bio-
logical indicator is a living organism that always displays
an indicative idea the ecosystem’s health status. Many
species are very susceptible to pollutants existing in their
ecosystem, so if there are toxins, they might alter their
anatomy, physiology, or behavior. Millions of the biota
species were detected in most habitats in our earth. Nu-
merous plants, animals, and microorganisms are
endowed tools for indicating pollutants in a given eco-
system. They have a major role in selecting the pest
management practices in a given ecosystem as well as
differentiating between the polluted and unpolluted
ones. Recently, microorganism activities are extended to
cover nitrogen mineralization, microbial diversity, and
some functional fauna classes; the national and inter-
national quality monitoring programs include now bio-
mass and respiration measurements.

Plant indicators
Abundant plant species, e.g., higher plants, lichens, and
planktons, usually donate basic minutes about the well-
being of a given ecosystem. Plants are very delicate tools
for the prediction and recognition of ecosystems
stresses. Recently, following industrialization and
urbanization terrestrial and aquatic ecosystems pollution
had been intensified (Joanna, 2006). Most plants pro-
mote useful estimation of the polluted ecosystem status,
as they are immobile and easily strike a balance in their
natural environment (Jain et al., 2010).

Higher plants Due to their immovability and length-
ened existence, higher plants are subjected to many cate-
gorized ecosystem pollutants and hence often seem to
be worthy biological indicators (Ernst, 2003). The effect
of pollutants on plant arrays from morphological fluctu-
ations to biochemical and/or cellular alterations is fre-
quently noticed through the overall impacts on their
growth, performance, and population intensity. On the
whole, external vegetative symptoms are considered as
the first biological indicator (Saber et al., 2015a). But
generally, it would be necessary to confirm such as-
sumptions with further botanical and/or chemical ana-
lyses (Bleeker et al., 2003). Most PTEs could be
monitored by certain higher plants (Malizia et al., 2012).
Certainly, the quantitative response in plant growth is

easier to recognize and express than the qualitative in-
fluences using the tolerance index (TI) which is calcu-
lated as follows:
Tolerance index = growth in polluted soil/growth

in unpolluted soil
It might be simpler to differentiate between external

and internal quality criteria when qualitative impacts are
well-thought-out. External factors such as form, color,
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and taste are often measured as subjective parameters
that oblige skillful surveillance. Now there are abundant
biological plant symptoms following pollution such as
changes in pH recognized after growing certain acido-
phytes, i.e., common ling (Calluna vulgaris), hair grass
(Deschampsia Flexuose), or sunflower (Drosera rotundi-
folia); changes in nitrate content in ecosystems associ-
ated with growing wild barley (Hordeum murinum),
French mercury (Mercurialis annua), or large nettle
(Urtica dioica); and changes in total soluble salts content
following growing certain plants such as the halophytes
lead grass (Salicornia europeae), tripoly (Aster tripo-
lium), and wild march beet (Statice limonium). Lower
plants might be appropriate measurement for the quality
evaluation of a metal plant extraction process (Hernán-
dez-Allića et al., 2006). In pot experiments, Saber et al.
(2016a, b) measured the assessed the metal phyto-
extraction on the phytoremediation under T. caerules-
cens and detected increased values of biomass C, basal
respiration, induced respiration of the substratum, and
β-glucosidase production. The highest capacity of the
test plant was registered in the phyto-extract of Zn from
degraded habitats indicating the beneficial effect of
metal-phyto-extraction on biological activity in a given
ecosystem. T. caerulescens might help to improve their
microbial and biochemical functionality.

Planktons Planktons are biotas habitually existing in
most aquatic ecosystems and eventually grow intensively
enough to swim against the currents. They are usually
microscopic, often less than 1 in. in length, but they also
include larger species like some crustaceans and jellyfish.
Scientists classify plankton in several ways, including
their size, type, and how long they spend drifting. Yet,
the most basic categories divide plankton into two main
groups: phytoplankton (plants) and zooplankton (ani-
mals). They are microbiota that live in huge aquatic eco-
systems and are unable to swim against currents.
Planktons are a crucial source of food to many small
and large aquatic biotas. A significant biological develop-
ment of planktons, combined with chlorophyll, takes
place in aquatic ecosystems such as rivers, reservoirs,
streams, and swamps. Offem et al. (2011) reported that
in populations swimming around rivers and tides, plank-
tons often fuse large amounts of energy and eventually
pass to higher trophic levels. They are capable of inte-
grating and usually used in determining the pollution
status in a given aquatic ecosystem. Because planktons
are highly susceptible to natural changes in diverse eco-
systems, they are good indicators of aquatic consistency.
Planktons could monitor aquatic ecosystems under high
phosphorus and nitrogen existence as both pollutants in-
spire other biotas living in the aquatic body (Thakur
et al., 2013). Plankton could be critical biotas for many

living organisms in a given aquatic ecosystem as a health
indicator. Saber et al. (2015b) stated that plankton could
therefore be regarded as a measure of ecosystem sustain-
ability as well as a primary food source for many species.
One of the predominantly known powerful plankton

biological indicators is Cyanophyta that indicates rapid
eutrophication of aquatic ecosystems via creation of
bloom formations (Thakur et al., 2013).
Phytoplankton had been used in successful observations

of aquatic ecosystem pollution as useful biological indica-
tor. The connections between the growth rate and each of
those variables could however be influenced by pollutants.
In the event, for example, a colored, suspended solid light-
containing industrial effluent could be filtered or absorbed
resulting in a decline in growth rates. Phytoplankton are
also a key source of pollutant transfers to humans, from
marine to the high tropics. This group of biological indica-
tors is known also as microalgae, they contain chlorophyll
similar to terrestrial plants hence require daylight to live
and develop. Most of them swim in the upper portion of
aquatic ecosystems (Uttah et al., 2008; Malik and Bharti,
2012 and Hosmani, 2014).

Microbial indicators
Within marine and coastal habitats, micro-organisms are
often used in testing ecosystem pollution (Gerhardt,
2002), as far as their rapid growth microorganisms al-
ways respond even at low pollutant rates and exhibit im-
perative signs of ecosystem changes. Due to their
abundance in varied ecosystems, they are straightforward
to and readily available to detect pollutants (Khatri and
Tyagi, 2015). There are six specific well-defined criteria
for the selection of microbial indicators. Microbial biotas
are reliably and precisely exiting across a wide range of
ecosystems. Microbial toxins, particularly in aquatics
ecosystems, could be easily monitored and used as pollu-
tion indicator. Nonetheless, Butterworth et al. (2001) re-
ported that microbiota are very easy to track relative to
other standard studies; their regulation, nonetheless,
could only reflect improvements in their communities
due to toxins. The Microbial Consortium has a high
capacity in modifying their operation levels, biomass,
and group composition to manage ecosystem pollutants.
These parameters are especially important in assessing
the quality of a given ecosystem. Bioluminescent bacteria
are commonly employed to identify ecosystem toxins as
microbial markers and could be implemented in many
respects.

Bacterial indicators
Bacterial indicators are groups or species of bacteria
whose presence in an ecosystem, above certain numer-
ical limits, indicates their contact to pollutants. Bacteria
for sure have a value in assessing pollution problems in

Zaghloul et al. Bulletin of the National Research Centre          (2020) 44:127 Page 4 of 11

https://oceanservice.noaa.gov/facts/plankton.html


varied ecosystems (Kalkan and Altuğ, 2015). The effect-
iveness of using bacterial indicators is governed, how-
ever, on the one hand, by the relation between the
existing pollutants and their associated microbial flora as
well as with the type and scope of questions raised by
the researcher, i.e., diagnostic accuracy and requirements
(Sumampouw and Risjani, 2014). An imperative bacterial
biological indicator, despite its high experimental error,
is the determination of total bacterial counts. But it
should be born in mind however that an absolute total
bacterial count is virtually never obtained, because it is
not that affluent to find a single culture medium that all
bacteria in a certain ecosystem could develop their col-
onies. Individual bacterial counts, on the other hand, are
established on selective medium best suited in each case.
Anaerobic mesophilic bacterial counts as well as Sal-
monella typhimurium and clostridium sp. in a given eco-
system could serve as a biological indicator for aquatic
logging conditions. Coliforms include numerous aerobic
and anaerobic facultative bacteria able to ferment lactose
with gas formation within 48 h incubation at 37 °C, are
widely used as a biological indicator. Fecal coliforms are
those organisms among coliforms that are able to grow
and ferment lactose at temperatures higher than normal
(44–45 °C). They comprise mostly a high proportion of
E. coli types I and II and are thus useful as biological in-
dicators for contamination of relatively recent fecal ori-
gin (Saber et al., 2015b).
In recreational aquatic ecosystems, fecal coliforms are

more useful as biological indicators than as total coli-
forms, which include bacterial specie naturally found on
plant and in soil. Some fecal coliform species have no
fecal origin such as Klebsiella pneumoniae.
Along many decades, fecal E. coli was used a biological

indicator for pollution with intestinal bacteria at El-
Gabal El-Asfar sewage farm soils in Cairo. Fecal coli-
forms survived in the soil layer up to 60 days, and hence,
no vegetables eaten raw should be grown in a sewage
farm. In microbiology, enterococci mean Streptococcus
faecalis and Streptococcus faecium. Both species have
their natural habitat in the intestinal tract of man and
animal and might have a distinctive role as biological in-
dicator for pathogens in food produced in a sewage
farm.
Halophile bacteria with a high ability to grow under

high salt concentration are good biological indicators in
detecting salinity problems in a given soil ecosystem. If
it is intended to irrigate with low-quality aquatic, salts
should be checked periodically, and here, the total count
of halophile bacteria might be considered a good bio-
logical indicator for salinity.
Bacteria are always found in dense quantities in most

ecosystems and are easy to sample than other biotas.
None of the biological indicators currently employed

match exactly the needed criteria; furthermore, the use
of biological indicators is only significant when costs are
deliberated.
Bacterial indicators include several types of bacteria,

such as Escherichia coli and Enterococci that are habit-
ually used to detect and estimate the level of pollution in
varied ecosystems. In most cases, they are not dangerous
to human health but are used only to indicate pollutant
risks. Ecosystem samples are usually transferred onto
narrow pore-sized membranes, and a specific agar is put
in the membrane. In order to prevent the development
of too few or too many colonies on a plate, it is often
important to adjust the amount of water sample filtered.
Bacterial colonies are counted after 24 to 48 h and col-
ony units per 100 mL (cfu/100 mL) are recorded. Sanita-
tion programs often test aquatic ecosystems for the
presence of fecal coliforms to ensure water safety. Such
testing is done by several methods involving water sam-
pling or passing enormous amounts of water through a
filter to sample bacteria and grow them on selective
media such as MacConkey. Approximately ~ 100 billion
(1 × 1011) bacteria compose every gram of human feces
and include some pathogeny bacteria such as Salmonella
sp., Campylobacter sp., and gastroenteritis associated ha-
bitually. In addition, feces could include pathogens,
protozoa, and parasites. Such fecal material enter ecosys-
tems from a wide variety of sources such as aquatic
waste, processing plants, poultry manure, sanitary waste
dumps, septic systems, wastewater treatment plants,
sewage sludge, pets, and the wild. Fecal pathogens could
cause disease if sufficient amounts are absorbed. Low ex-
istence of pathogens in a given ecosystem renders them
difficult to be individually verified. Because of their short
generation time and rapid response to ecosystem pollu-
tion, micro-organisms are excellent fast and short-term
biological indicators. Recently, a gross pollution detector
was developed for general purpose monitoring a range
of pollutants at a laboratory scale by measuring bacterial
respiration and survival in ecosystems.
When exposed to certain pollutants such as cadmium

or benzene, some bacteria secrete new stress proteins
that might be used as an early warning to detect changes
in the levels of pollution in a given ecosystem. On the
other hand, coliform bacteria must not persist in the
ecosystem for long periods of time following efflux from
the intestine and their occurrence should be closely cor-
related with pollution fecal organisms as a biological in-
dicator organism need not be pathogenic. Some non-
coliform bacteria, such as Streptococcus bovis and certain
Clostridia sp., might also be used as an index of fecal
pollution in terrestrial and aquatic ecosystems. The clas-
sification of the microbial biomass might be determined
through microbial behaviors such as breathing,
mineralization of C and N, biomic N2 fixation, and
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enzymes. Some microbial behavior, e.g., biomass-specific
breathing, seems to be more sensitive than its single ac-
tion or population rate (Aslam et al., 2012). There might
also be some kind of “global regulation” metrics, e.g.,
biomass as a proportion of organic matter. Such
methods could be built to test whether toxins without
costly and long-running field routes change the natural
ecosystem.
Recently, other new technological solutions to emis-

sion research in molecular biology (e.g., genetic finger-
printing) would be useful. In order to find biological
bacterial markers in aquatic ecosystems, immunologic
approaches of monoclonal antibodies might be used. To
prevent the identification of dead cells, some pre-
cultivations on select medium would preface detection.
ELISA antibody technique is developed to make it pos-
sible to detect coliform micro-colonies easily with the
naked eye.
The approaches focused on gene sequence rely on the

difference between common gene sequences and differ-
ent strains of a given species. The gene sequence-based
approaches commonly used to identify some strains of
bacterial markers include polymerase chain reaction
(PCR) and fluorescence in situ hybridization (FISH).

Fungal indicators
Faunal communities are extremely distributed in both
terrestrial and aquatic ecosystems and play an imperative
role in their functions. Molds such as Trichoderma sp.,
Exophiala sp., Stachybotrys sp., Aspergillus fumigatus,
Aspergillus versicolor, Phialophora sp., Fusarium sp.,
Ulocladium sp., Penicillium sp., Aspergillus niger, Can-
dida albicans, and certain yeasts are frequently used as
biological indicators for contaminants. Ecosystem inci-
dents are effectively monitored using varied fungal indi-
cators species on the basis of their resistance to given
ecological variability’s. The moss Hylocomium splendens
was habitually used as natural fungal indicator for PTEs
in the remote tundra ecosystems northwestern Alaska
(Hasselbach et al., 2005). They measured the PTE con-
tents in the moose tissue at varied distances from the
road and found them higher in samples adjacent to the
road and were reduced with time.

Algal indicators
Hosmani (2013) stated that one or more algae might be
efficaciously used as pollution biological indicators and
confirmed that a composite rating of algae such as Eu-
glena sp., Chlamydomonas sp., Scenedesmus sp., and
Chlorella sp. were successfully used to indicate pollutant
in aquatic ecosystems. In most cases, polluted aquatic
ecosystems would host few algae, with one or two being
the most dominant forms. Dokulil (2003) and Zancan
et al. (2006) confirmed that the normal distribution of

diatoms in polluted aquatic ecosystems is presently well
known.
The interaction between algae and the other compo-

nents in terrestrial ecosystems had received little atten-
tion as far as there is still a general lack of awareness
about their existence in such terrestrial ecosystems. One
reason for the scarcity of data on terrestrial ecosystems
algae is the difficulty of examining their existence
therein, yet it is expected that many algae could survive
in the terrestrial ecosystems particularly in their resting
stages (Singh et al., 2013). Both nutrients status in ter-
restrial ecosystems as well as the pH value are suscep-
tible to considerable alternation under pollution
disorders, the pH value always shifts to the acidic side,
and nutrients are depleted. Dokulil (2003) stated that
blue-green algae might be used as biological indicators
for perceiving the changes in pH value in different eco-
systems; however, they are enormously rare below pH 5.
Jain et al. (2010) reported that increases in algal species
diversity, like Euglena clastica, Phacus tortus, and Tra-
chelon anas, always suggest marine ecosystem degrad-
ation. The blooms of algae in lakes and rivers are often
used to demonstrate large increases in nitrates and
phosphates.
One of the foremost problems always coupled with

ecosystem pollution is the incidence of PTEs. Algae had
been habitually engaged as good biological indicators of
PTEs through different approaches, yet none of these
approaches had been developed so well that it could be
routinely pragmatic. Numerous studies on PTEs pollu-
tion benefited from algae as a biological indicator mainly
due to interest rather than algae are more suitable or-
ganism for that. Most faced data interpretation might
eventually prove to be straight forward, but much more
information are still needed about PTEs accumulation
by the potentially most useful algae Cladophora sp.,
Lemanea, Enteromorpha, and Nitella sp.
In recent years, microalgae have been shown to be

sensitive to pollutants in different ecosystems. The most
famous microalgae, Euglena gracilis, is a motile fresh
aquatic photosynthetic flagellated microalga tolerant to
acidity, sensitive to pollutants, and rapidly respond to
stresses particularly those related to PTEs and persistent
organic pollutants. Distinctive responses of this micro-
alga appear in inhibiting movement and changing orien-
tation parameters. Euglena gracilis is easy to handle and
useful in eco-toxicological assessments. It has a very
pollutant-sensitive gravitational direction.

Lichens Lichens are mutualistic associations of symbi-
osis microorganisms belonging to Cyanobacteria com-
posed from algae and fungi as well as Bryophytes
(liverworts) mostly occurring as crusty continuous
patches of bushy growths on trunks of trees and rocks
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and bare ground. Lichens are widely used as biological
indicators due to their effectually respond to ecological
pollution in forest ecosystems, particularly pollution
arising from the increases in the level of SO2 and/or N2

that could be specified by the vanishing of lichen in for-
est ecosystems (Gerhardt, 2002). Lichens are considered
as powerful biological indicators due to their high sur-
face that further support their use as biological indica-
tors able also to capture pollutants particularly from air
(Holt and Miller, 2010).
Genetically engineered species of algae always react to

varied levels of toxicity in a given ecosystem. For ex-
ample, a sort of genetically engineered grass that if
toxins are present, grows in another color. They are very
sensitive to the existence of PTEs, SO2, and toxic gases
in their ecosystems and hence might be extinct in indus-
trial region where just green algae might be found. If
their air is cleansed, the lichens become shrubby, hairy,
and leafy. Some species of lichen might tolerate very
high levels of PTEs and radioactive metals. .

Enzymes Enzymatic activities are considered to be sen-
sitive to pollutants and had been suggested as biological
indicators to measure the degree of degradation in a
given ecosystem. It was repeatedly witnessed that the en-
zyme lysozyme improved dehydrogenase activity that de-
termine respiration inhibition. When this tool was used,
the effect of certain pollutants, e.g., mercury and cyan-
ide, could be assessed. The production of enzymes in
polluted ecosystems varies from 37 to 260% for phos-
phomonoesterase, from 16 to 250% for β-glucosidease,
from 28 to 194% for urease, and from 24 to 250% for de-
hydrogenase. In all situations, though, the degree of deg-
radation is measured by the ratio Nc/Nk where Nk is
nitrogen from Kjeldahl and Nc is the microbial biomass
potential of C and mineralization of nitrogen throughout
conjunction with some enzymatic activities. This ratio
always exhibits all the features of a strong emission
measure, in particular the impact of the pollutant and
the deterioration of the sites. This means that the eco-
system depletion quantification should include details on
its enzymatic activities and information on some other
biochemical properties as well.

Animal indicators
Dissimilarities in animal populations always designate
harmful changes initiated due to ecosystem pollution.
Changes in animal populations often refer to the rela-
tionship between animal populations and food sources;
if food resources were limited and could not fulfill popu-
lation requirements, a decrease in population intensity
would follow (Jain et al., 2010). Animal indicators also
help to detect the amount of toxins in animal tissues (Jo-
anna, 2006). The many fold advantages of animal

biological indicators always outweighed their restric-
tions. Animal biological indicators are useful, objective,
straightforward, and reproducible. They could be used at
various scales to assess the changes taking place in a
particular ecosystem.

Earthworms Gao and Luo (2005) summarized the func-
tion earthworms as biological indicators in their exist-
ence in a given ecosystems that reflects the degree of its
pollution as a whole. In the ecotoxicology risk assess-
ment, earthworms serve as a significant indicator for po-
tential pollutants damaging the ecosystem and
earthworms also act as an early warning system in moni-
toring changes related to pollution. The main resistance
mechanisms of earthworms to some PTEs such As, Pb,
Zn, Cu, and Hg are elaborated by its lipid anti-oxidative
enzyme system that helps the relieve oxidation stress
and is compartment and immobilization of PTEs. Che-
lating and detoxing mechanisms are triggered when PTE
activity is present in both lysosome and cell plasmid.
The potential of earthworms in enhancing ecosystems
bioremediation is done through improving their physical
and chemical characteristics, activating microorganisms
and changing bioavailability of pollutants. In order to
measure rates of terrestrial habitat pollutants, shifts in
the activity of earthworm nervous systems are used. The
numbers of earthworms in a given ecosystem could also
be used to indicate its health status.

Macro-invertebrates Marine invertebrates called ben-
thos or macro-invertebrates are often located near the
ground in the aquatic ecosystems. Such kinds of bio-
logical markers might be especially powerful for aquatic
shed safety, since they are easy to distinguish in labs, live
regular over a year, have limited mobility, and are envir-
onmentally friendly integrators (Khatri and Tyagi, 2015).
The biological health indicators in marine and earth-
related habitats are beneficial and expedient. These are
almost always available and could be collected and cate-
gorized quickly. The resilience of the macro-invertebrate
species also allows for objective evaluation of the cir-
cumstances of the ecosystem. Aquatic emissions and de-
struction of the habitats due to human activities such as
systematic harvesting and wilderness in tropical forests
ecosystems are typically measured by tolerance levels.

Frogs and toads Frogs are good biological indicators for
the quality and changes in a given ecosystem. They are
affected primarily by shifts in their fresh marine and ter-
restrial ecosystems. The biological indicators of pollutant
accumulation in a given ecosystem are habitually used as
amphibians, particularly anurans consisting of frogs and
toads. Anurans are responsive to changes to their eco-
system and ingest toxic chemicals by their skin and
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larval gill membranes. They are inadequately capable of
detoxifying pesticides which they ingest, inhale, or con-
sume from contaminated foods. This permits accumula-
tion in their bio-systems of residues, especially
organochlorine pesticides. They might also consume
toxic chemicals with their permeable skin that makes
them a model for evaluating the impact of ecological in-
fluences that could contribute to decreases in the am-
phibian population. These factors allow them to follow
ecosystem changes, eco-toxicological trials, and human
demands to the environment as biological indicators.
For contamination research such as the environmental
effect of agricultural chemicals, anurans are widely used
as biological markers. An analysis of their area abun-
dance and assessment of their locomotive ability and of
any abnormal morphological changes that are deforma-
tions and abnormalities in development is performed to
study the ecosystems where they live. Declines in an-
urans and malformations might suggest that ultraviolet
light and parasites are more vulnerable. The diverse bi-
otas lifecycles in terrestrial and aquatic allowed breeding
many anurans particularly those sensitive to pollutants.
The results most frequently mentioned in conjunction
with chemical reactions involve morphological and
physiological modifications during the embryonic devel-
opment. Exposure symptoms might contribute to re-
duced body length, lower body weight, and limb and
other organ malformations. The slow growth, late mor-
phological shifts, and limited metamorphic sizes increase
the risk of mortality and predation exposures.

Insects Disturbances of some species could be used as a
parameter of analyses about the levels of change in a
given ecosystem. Insects are the furthermost abundant
biotas in most ecosystems. They are more strictly and
quickly affected by pollutants in their ecosystem and
hence considered as moral biological indicators for pol-
lution in both aquatic and terrestrial environments. In-
sects are responsible for many processes in the
ecosystem, and their loss always have negative effects on
entire biological communities. Thus, a strong under-
standing of insect responses to pollutants is a must to
value functional consequences of pollutants (Nichlsa
et al., 2007). Through changes in their population and
behavior, it is possible to estimate what the current deg-
radation future consequences in their ecosystem. Many
insects are habitually used for biological indicators be-
cause they are most frequently found in varied ecosys-
tems and they could be easily sampled with pitfall traps.
Tylianakis et al. (2006) stated that insect biological indi-
cator became particularly useful as they represent more
than half of all biotas species in a given ecosystem. da-
Rocha et al. (2010) stated that any insect suggested to be
used as biological indicators should be easily captured

and transported, having high ecological faithfulness, fra-
gile to minute changes, their behavior is easily observed
and measured, having a close correlation with the prese-
lected abiotic variables, respond hastily to ecosystem
changes, have a short life cycle, have high sensitivity for
detecting early changes in their ecosystem and provide
information without interruption of the extent damage
caused by ecosystem alteration due to pollution. The use
of some species of Coleoptera (beetles), Homoptera
(bugs), and Diptera as biological indicators was re-
stricted due some taxonomical and sampling difficulties,
lack of reliability on those already described, and taxo-
nomic difficulty, particularly in their larval stage. Hard-
ersen (2000) reported that several aquatic insects such as
Odonata sp. (dragonflies); families Gyrinidae, Dytiscidae,
Hydrophilidae (Coleoptera), Notonectidae, Veliidae (Het-
eroptera), and Plecoptera; and orders Diptera and
Ephemeroptera have high adaptive capacity potential as
biological indicators. However, insects are less used as
metal pollution biological indicators, despite species of
the genus Halobates is suitable to indicate Cd and Hg
(Nummelin, 2007). The order Coleoptera particularly
beetle’s species (Coleoptera: Scarabaeidae) represents
approximately 20% of the total diversity of arthropods in
terrestrial ecosystems (Davis, 2000). Moths and butter-
flies (Lepidoptera), besides having basic necessities and
ecological faithfulness in temperate and tropical regions,
are very sensitive to changes in their ecosystems.
da-Rocha et al. (2010) mentioned that some lepidop-

teran groups are used as ecosystem pollution indicators
for PTEs and CO2 in locations close to industrial areas
and even within urban areas. Presence and consequences
of Cu, Fe, Ni, Cd, and H2SO4 were detected by pupae of
different Geometridae and Noctuidae species, Eriocranii-
dae population, cycle duration, and newly hatched larval
mortality rate from butterflies (family Nymphalidae).
Collembola sp. are primitive insects very sympathetic to
changes in terrestrial ecosystems which could detect pol-
lution by PTEs. Many studies have demonstrated de-
formities in larvae from several genera from the family
Chironomidae (e.g., Procladius, Chironomus, and Crypto-
chironomus), and the results indicated that the abnor-
malities are strongly associated with polluted sediments.
Members of Gerridae family were used in detection of
different iron and manganese concentrations, but they
seemed to be less suitable for nickel and lead (Numme-
lin et al., 2007). Some of the Sarcophagidae family mem-
bers are good markers for PTEs, asbestos fibers, and
industrial toxins. According to fly heterogeneity, how-
ever, care must be taken when using chemical markers
of certain types of flies. The Syrphidae family is one of
Diptera’s main groups with wide-range and well-
established taxonomy and their larvae require different
conditions in their ecosystem. The insecticides
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concentrated in bees cells are considered as biological
markers and generally regarded as the most important
elements of their intensity and population size. In par-
ticular Apis mellifera are regarded as effective biological
markers as far as they show a high mortality rate of eco-
logical chemical loss and catch particles that could later
be observed in air or flowers (Ghini et al., 2004). da-
Rocha et al. (2010) confirmed that cultivated regions or
reforested areas with some diversity of plant species ex-
hibited high insect species diversity and greater eco-
logical stability, where the competition for resources is
intense, preventing the prevalence of few dominant spe-
cies. They added that the explanations for species loss in
agricultural ecosystems were due to changes in microcli-
matic conditions, foraging activities, nesting sites, and
reducing food availability by agrochemical use. In forest
ecosystems, the imbalance begins with native vegetation
replacement that normally has high insect diversity in
homogeneous plantation areas, where ecological balance
is fragile and insect diversity is reduced. Therefore, the
number of harmful insect species is quite high and fre-
quently occurring population booms, especially of defoli-
ator lepidopteran. Reforestation is usually located in
nutrient-poor soils, and at certain times of year, the trees
are exposed to water stress, becoming highly susceptible
to attack by insects. During this period, there might be
population booms of aggressive and prevalent insects.
Ants are habitually used as are very sensitive biological

indicators having a key role in the recovery of degraded
ecosystems. Ameliorations showed strong tolerance to
contaminants (radioactive and chemical chemicals) be-
cause about 10% of humans are subjected to harmful pol-
lutants outside the nest. It was used to calculate the
quantities of toxins in boreal forests and is now used to
track threatened habitats. Bees have been known as one of
the biological metrics most flexible and effective. These
are used to track PTEs, toxic contaminants, and toxins
(Urbini et al., 2006) in urban ecosystems, radioactivity fol-
lowing Chernobyl accidents, pesticides, and herbicides.
Wasps are vulnerable to the harmful biological accu-

mulation at the top of the food chain. As Pb could accu-
mulate up to 36 times the adult body with its mass
larvae, their genus spices are promising ones in the de-
tection of Pb pollution.
According to da-Rocha et al. (2010), termites are im-

portant decomposers in terrestrial ecosystems. Their ac-
tivity increases infiltration capacity and leads to water
retention and higher productivity. In agricultural, pasture,
and reforestation areas, they are not always perceived be-
cause their nests are underground, and their presence is
only noticed by the damage they cause to plants.
Aphids are pollution indicators, because they show an

increase in their population density when feeding on hosts
exposed to ecosystems with high CO2 concentrations.

However, studies did not show significant correlation be-
tween CO2 increase and Homoptera population density.
They added that this class of insects include many possible
members, including some of the Coleoptera orders, Dip-
tera, Lepidoptera, Hymenoptera, Hemiptera, Isoptera, or
other, that could be employed as biologically specific
markers.

Zooplankton Zannatul and Muktadir (2009) reported
that zooplanktons are microscopic animals that exist
near the surface of the aquatic ecosystems and their
movement depends upon tides and currents. They feed
on phytoplankton, marine snow, and bacterial planktons.
As biological indicators, zooplanktons play a key role
and help to assess the level of contamination in aquatic
ecosystems. These are the main food source for many
other marine species in fresh aquatic ecosystems in con-
junction with shrimp. Aquatic efficiency, eutrophication,
and fresh water body growth are important for the de-
velopment of zooplanktons. The weather fluctuations
greatly influence zooplanktons. Ramchandra et al. (2006)
and Zannatul et al. (2009) noted that the capacity of
zooplankton as biological indicators is strong when asso-
ciated with some other biotic parameters, e.g., food
shortage, predation, and competitiveness, affecting their
production as well as to some abiotic elements like
temperature, saltiness, stratification, and pollutants.
They also indicated that Trichotria tetrat, Alona guttata,
Moscyclopesedex, Cyclips, and Aheyella could be utilized
as pollution indicators as they were found in the aquatic
ecosystems rich in phosphorus and PTEs. Ramchandra
et al. (2006) stated that the development of zooplankton
was always restricted with phosphorous and PTEs as well
as with high aggregate alkalinity, hardness, and high con-
ductivity (130 ms m−1) in the aquatic ecosystem. In India,
seasonal zooplankton intensities exhibited their abun-
dance in the rainy seasons, and their decrease in summer
seasons is due to high temperatures. The dominating
communities of zooplanktons are Copepods (Cladocer),
Rotifer, and Ostrocoda (Zannatul and Muktadir, 2009).

Animal toxins Changes taking place in animal popula-
tions, weather increases or decreases, could indicate eco-
system pollution. In animal physiology, the morphology
and conduct of the organism at population level could
be articulated in association with stress-induced sub-
lethal effects. Such sub-lethal responses could be very
useful as “early warning signs” to determine how the
community of a given ecosystem would respond more.
The accumulation of pollutants in animal tissues, the
pace at which deformations occur in animal populations,
the actions in the field or in laboratory, and improve-
ments in human physiology might be controlled by

Zaghloul et al. Bulletin of the National Research Centre          (2020) 44:127 Page 9 of 11



pollution and other stressors through assessing one of
the several variables in animals.
For the testing purposes of soil pollution, a number of

biological products are proposed. It should be noted that
under all relevant conditions widespread calibration of
soil pollution should be applied. Only qualitative know-
ledge on pollution levels is possible through use of one
of the most relevant biological criteria.

Conclusions
In this work, the importance of biological indicators for
monitoring pollution was documented along two de-
cades ago. A diversity of biological properties had been
proposed for monitoring purposes. The significance of
particular biological monitoring could be inferred from
the frequency of their use in various national and inter-
national programs. It should be mentioned that wide-
spread calibration should be applied under all relevant
conditions. The use of even one of the most suitable bio-
logical parameters will yield only qualitative information
on pollution levels.
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