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Abstract

Heavy metals represent a wide interest category of pollutants due to their impacts on the environment and on human health. 
Contaminated soil with heavy metal is hazard to humans, since the metal ions can enter the food chain through direct ingestion. 
This review discusses about human diseases caused by heavy metal accumulation and animals, plants which act as a bioindicator 
for metal contamination available in the environment.
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Introduction

Since ancient times plants have been used in different kind 
of therapies to cure disease. Herbal products considered as 
safer, less toxic and accessible compared to conventional 
medicine. Environmental pollution poses serious concerns 
on quality and safety issues related to its uses Ozyigit II, et al.  
[1,2]. Inorganic pollutants, such as heavy metals, represent 
a wide interest category of pollutants for risk studies due to 
their impacts on the environment and on human health [3,4]. 
According to the World Health Organization (WHO), heavy 
metals are some of the most dangerous pollutants; non-
degradable, they accumulate in the environment, transfer 
through the food chain, and induce negative effects on the 
environment and human health [5].

According to Pruteanu, et al. [6], medicinal plant abilities are 
different and selection of them have demonstrated the ability: 
(i) to tolerate elevated levels of heavy metals and accumulate 
them in very high concentrations; (ii) to remove, contain, 
inactivate or degrade harmful environmental contaminants, 
such as: Cd, Ni, Pb, Zn, Cr; (iii) to absorb a high number of 
elements from soil and water; and (iv) to be compared to 

solar driven pumps which can extract and concentrate several 
elements. Chemical composition of plants depends on soil, 
geographical conditions and its composition. Herbs are even 
better for phytoremediation, as they are grown primarily 
for processing and also have the ability to accumulate and 
eliminate heavy metals from environment, as well as to 
reduce risks on human health [7,8].

Background

Environmental pollution is one of the major problem all 
over the world. Polluting agents should be recognized and 
remediated by using technological tools. The basic problem 
includes environmental pollution [9,10] and methods 
for diagnosing high concentrations of toxic elements [9-
12]. Biological indicators are living entity, i.e., animals, 
plants and/or microorganisms, which are utilize to detect 
pollutants in a polluted ecosystem. It is subject of study to 
explore residence time of pollutants and correlation with 
past, current, and future ecosystem. Biological entity are 
supportive reproducible and applicable to various scale. 
In nature biological indicators are regularly used to assess 
positive and negative changes in a given ecosystem.
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By definition, pollution is undesirable change in a given 
ecosystem liable to cause adverse impacts responsible for 
deteriorating health, harming biota, damaging structures or 
amenity, and/or interfering normal functioning of ecosystem 
and environment. Air pollution poses a significant threat to 
human health, causing approximately 4.2 million premature 
deaths in 2019, as reported by the World Health Organization 
[13]. Anthropogenic activity led to serious pollution 
problems in aquatic, as well as soil ecosystems and food web. 
Pollution is hazardous for many biological communities and 
human may face various health issues. Biological ecosystems 
are complex physical, chemical and biological phenomena 
to act towards a dynamic equilibrium. Polluting agents 
consequences directly governed by reactivity under different 
ecological circumstances.

“Biological Indicators” describes all sources of living and 
non-living reactions related to changes in a given ecosystem. 
Effects of natural changes, reactivity depend on type of 
biological entity plants, animals or microorganisms. These 
observations could also be used to find out changes in 
ecosystems due to the occurrence of pollution that might 
affect the biodiversity therein. Evolution has played a 
fundamental part in the adaptation processes of land 
plants, by enhancing the attributes necessary to thrive 
under various environments. This has occurred through 
multiple events, including speciation, duplication, and gene 
fixation among their genomes [14]. Ancient species and local 
disturbances in a environment are suitable for selecting the 
biological markers species or groups of species. Ecologists 
have established a comprehensive set of worthy biological 
indicators.

Any kind of biological systems whether plant, animal insects 
or microorganism might functions as a biological indicator 
for its surroundings. Occurrence of a given biological 
indicator certainly acts as warning signal for pollution. They 
are frequently used to diagnose expected harmful impacts 
of pollutants towards biosphere. An imperative criterion for 
the biological indicator is the prompt and correct response to 
pollution, ability to detect changes, pollution, and/or climate 
changes in a given ecosystem. Responses to bio-indicators 
are essentially within a physiological context are complex in 
nature. However, growth, nourishment, and reproduction are 
exceptions as they are under direct observation; despite being 
among the most valuable biological indicators evidences. 
Physiological responses are visible but their exact use is the 
most problematic since they seen at the end of a process 
initiated by the causative pollutant. Pollutants occurring in 
low concentration requires highly sensitive technologies 
to identify them at a prohibitive cost. After identification 
they should be linked with all potential biological hazards. 
Biological markers has ability to exhibit the indirect biotic 
effects of pollutants which is not possible by many physical 

or chemical investigations.

In addition, a clear signal of biological indication might be 
obscured by a Zaghloul, et al. [15] disproportionate number 
of responses of divergent species, as some species might 
increase while others decrease. 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 happening. This restricted approach makes more 
appropriate and cost-effective biological measures. Biological 
indicators often depend on the ecosystem’s troublesome 
intricacies and use a representative and/or totaled reaction 
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 indicators 
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 mechanisms 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 pollutants 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 indicators 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 ecosystem. Nkwoji, et al. 
reported that biological indicators 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 disruptions 
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 indicators 
are exploited and endorsed by several organizations, 
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 Table 1.
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Sr No Plant species Biomonitoring Habitat References

1
(O) Diptera-(F)

Heavy metals Aquatic Arimoro FO, et al. [16]
Chironomidae

2 (F) Syrphidae Heavy metals Terrestrial Anna M, et al. [17]

3
(O)Diptera- (F) Heavy metal (e.g.,

Terrestrial Bartosova M, et al. [18]
Sarcophagidae asbestos)

4 (O) Odonata- Heavy metals Aquatic Nummelin M, et al. [19]
5 (O) Hymenoptera- (F) Formicidae Heavy metals Terrestrial Nummelin M, et al. [19]

6
(O) Hymenoptera- (F)

Heavy metals Terrestrial Porrini C, et al. [20]
Apidae

7 (O) Coleoptera- (F) Carabidae Heavy metal Terrestrial Lagisz M, et al. [21]

8
(O) Lepidoptera-(F)

Heavy metal Terrestrial Heliövaara K, et al. [22]
Geometridae & Noctuidae

9 (O) Hemiptera- (F) Gerridae Heavy metal (eg Cd) Aquatic Jardine TD, et al. [23]
10 (O) Neuroptera- (F) Myrmeleontidae Heavy metal Terrestrial Nummelin M, et al. [19]

*(O):Order (F):Family
Table 1: Bioindicators for variables in terrestrial and aquatic habitats.

Contamination with Heavy Metals: Sources
Metal industries and burning of fossil fuels are the sources 
of heavy metal pollution. Metal industries produces metal 
compounds which accumulate in the environment and 
causes pollution. The fine particles of fine and coarse 
particles has longer persistence and homogenously 
dispersed in the environment. These metal particles not 
degraded in atmosphere their removal is depend on wet and 
dry deposition. The heavy metals are generally found with 
a single predominant oxidation state in air borne mixture. 

Industrial developments and anthropogenic activities 
have boost the geochemical cycling of metals but have also 
released significant quantities in all kinds of ecosystems. 
All of these reasons led to increase of heavy metals levels 
almost in all kind of environments. The occurrence of heavy 
metals is mostly in the soil, which makes soil as reservoir for 
accumulation of metals from different sources and therefore 
it can pose risks and hazards to the Salami SJ, et al. [24] 
Tables 2 -6.

 
Category Bioindicator Location of Study References

Plants

Mango (Mangifera indica) Plateau state [24]

Gum Arabic Tree (Acacia nitolica) UDU, Sokota [26]

Arthropoda Spider (Agelena labyrinthica) Legnica, western Poland [27]

Rambur’s forktail (Ischnura ramburii) Hawr Al Azim wetlands [28]

Mediterranean green crab (Carcinus aestuari) Narta Lagoon, Albania [29]

Fungi Aspergillus flavus Cairo, Egypt [25]
Algae Giant Kelp (Macrocystis pyrifera) Point Loma kelp forest [30]

Parasite Spiny headed worm (Acanthocephala ns Antarctica [31]

Table 2: Commonly used bioindicators for copper detection.
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Category Bioindicator Location of Study References
Fungi Aspergillus flavus Cairo, Egypt Gomaa OM, et al. [25]
Algae Giant Kelp (Macrocystis pyrifera) Point Loma kelp forest Evans LK, et al. [26]

Parasite Spiny headed worm (Acanthocephala ns Antarctica Ali D, et al. [27]

Table 3: Commonly used bioindicators for mercury detection.

Category Bioindicator Location of Study References
Lamiaceae Water mint (Mentha aquatica) Lebanon Zurayk R, et al. [28]
Fabaceae Alfalfa (Medicago sativa) Sobrino-Plata J, et al. [29]

Bryophyta Brachythecium sp., Obrenovac (Serbia) Vukojević V, et al. [30]

Category
Hypnum moss

Location of Study References
Bioindicator

Moss
Red stemmed feather

Poland (Upper Silesia) Samecka-Cymerman A, et al. 
[31]cupressiforme)

Magnolio phyta
Seedlings of Barley

In Laboratory Liu W, et al. [32]
schreberi)

(Hordeum vulgare) Experiment
Algae Green algae Acid Mine Drainage

Tshumah-Mutingwende, et al. 
[33](Cladophora sp) (AMD) waters, South

Africa

Mollusca Mediterranean Limpet (Patella 
caerulea) Mediterranean area Storelli MM, et al. [34]

Reptiles Watersnakes (Nerodia Savannah
Haskins DL, et al. [35]

taxispilota) River,United States
Table 4: Commonly used bioindicators for cadmium detection.

Category Bioindicator Location of Study References

Amoeba
Testate lobose amoebae (Lacustrine Yellowknife, Northwest Territories,

Riou L, et al. [36]
arcellinina) Canada

Bryophyta Aquatic bryophytelike Sudetes Mts., Poland; Samecka-Cymerman 
A, et al. [37]

Pale Liverwort (Chiloscyphus pallescens) and east Sudetic Rychlebske Mts. And 
Jesenik Mts. (Czech Republic).

Brachythecium sp., Hypnum moss 
(Hypnum cupressiforme), Silvergreen 

Bryum Sabovljević M, et al. 
[38]moss (Bryum argenteum)

Obrenovac (Serbia)

Pteridophyta
(Vallisneria gigantean)

Iriel A, et al. [39]
and Water Fern (Azolla filiculoides) Latin America

Fabaceae
Nodule bacteria of red clover (Trifolium 

praténse), Alsike clover (Trifolium 
hibridum)

North Caucasus Research Institute of 
the Vladikavkaz Scientific Center of Bekuzarova SA, et al. 

[40]
the Russian Academy of Sciences.

Table 5: Commonly used bioindicators for arsenic detection.
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Category Environment Bioindicator References

Flowers Land terrain
Sunflower

Macek T, et al. [41]
(Helianthus)

Lichens Fog Belts Script lichen (Graphis scripta) Hasairin A, et al. [42]

Trees Landy terrain
Sacred fig (Ficus

Agrahari P, et al. [43]
religiosa)

Aquatic Animals Marine Starfish (Asteroidea) Temara A, et al. [44]

Table 6: Commonly used bioindicators for lead detection.

A Path for Human Health Risks Caused by 
Contaminated Medicinal Plants
Cosmetics containing heavy metals are injurious to 
human health. Personal care products manufacturing is 
very competitive. Innovation and strategies is needed for 
competitive brands to reduce risks to human health, with 
consumer requirements, so as to nullify heavy metals use. 
Products contaminated with heavy metals are no longer 
considered safe. High contaminants of heavy metals in 
cosmetics is due to source of raw materials used, techniques 
involved, stock, and transportation. Sometimes heavy metal 
contamination is unavoidable but should be removed to 
certain extent. Table 1 to 6 shows bio-indicators for metal 
detection.

The Interactions between Heavy Metals and 
Medicinal Plants
Survival mechanism of plants is very complex. In stress 
condition plants use their mechanism of genetically 
engineered programmed cell death to survive. Depending on 
the tolerance of the medicinal plant species and the nature of 
the metal ions, the responses of defense in tissues may vary. 
Usually, the accumulation of heavy metal ions starts in the 
soil through the roots, at which point signals are transmitted 
to the plant tissues responsible for producing substances that 
have the ability to counteract them. A number of metabolites 
are secreted from certain organs.

Assessment of Risks to Human Health
Heavy metal accumulation causes wide variety of human 
health issues few of them discussed in detail.
Gastrointestinal: The gut microbiota has a major role in 
the intestinal homeostasis. It is observed in several studies 
that exposure to heavy metals pollutants may contribute 
progression of diseases lead to perturbations in the 
gut leading to dysbiosis. Presence of toxic heavy metals 
prevalent in the environment effects on the gut microbiota 
function and composition upon exposure to toxic heavy 
metals. The disturbance in gut microbial ecology also 

affects the biochemical pathway which may alter the state 
and bioavailability heavy metals therefore affecting metal 
uptake detoxification mechanisms related to heavy metal 
metabolism. The toxic effects of various heavy metals require 
studies with important consideration for therapeutic and 
protective strategies against the damage to gut microbiota.
Children and young people are especially vulnerable to heavy 
metal intoxication [45,46].

Kidney dysfunction: Heavy metals are used for various 
purposes in agriculture and industrial applications such 
as production of pesticides, batteries and metallic utensils. 
Exposure to heavy metals for longer period may cause 
systemic disorders. Kidney is a organ for ultrafiltration of 
urine because of its ability to filter, reabsorb and concentrate 
divalent ions it is a target organ for toxic heavy metal 
accumulation. The renal damage depends on type of metal, 
quantity and exposure time. Acute kidney impairment differs 
from serious renal failure in its mechanism and its magnitude. 
As a result, clinical features, diagnosis and treatments are 
also different. Heavy metals exist in an ionized form, that 
is toxic and a bound, inert form when metal is conjugated 
with metal lothionein and then delivered to the liver causing 
the kidney chronic damage. Treatment include chelation 
therapy, intensive care, renal replacement therapies and 
decontamination procedures.

Nervous system disorder: Genetic and Environmental cause, 
Multiple sclerosis and the major sporadic neurogenerative 
disorders, Parkinson disease, and Alzheimer. Advances have 
been made to find out genetic relation to these disorders, 
but it is difficult to know environmental agents that initiate 
them. Environmental toxic metals have been implicated in 
neurological disorders, since human activities and natural 
source cause exposure to toxic metals .Toxicity of metals have 
damaging properties that are main cause of these disorders. 
This is area of research that how metals or combinations 
of metals are enough to precipitate disease and how toxic 
metal exposure leads to different patterns of nerve and white 
matter loss. Toxic metals cause dysfunction of the blood– 
brain barrier. This makes toxicants to enter astrocytes, 
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from where they are transferred to, and damage, oligo 
dendrocytes, and neurons. The type of neurological disorder 
depends on (i) locus ceruleus neurons are damaged, (ii) 
genetic variation that give rise to susceptibility to toxic metal 
intake, cytotoxicity, (iii) the age, duration and frequency 
of toxicant exposure. Proof supporting this hypothesis 
is presented, targeting on studies that have examined 
the distribution of toxic metals in the humans [47-50]. 
Clinicopathological features can be linked to toxic metals. 
In conclusion, environmental toxicity of metals may leads 
to several common neurological disorders. While further 
study to support this hypothesis is needed, to protect the 
nervous system necessary steps should be taken to reduce 
environmental toxic metal pollution from industrial, mining, 
and manufacturing sources, and from the burning of fossil 
fuels.

Skin leisons: Contact dermatitis is an inflammatory skin 
reaction caused by direct contact with chemical substances 
in the environment and can either be irritant or allergic in 
nature. The clinical symptoms of contact dermatitis, include 
local rash, itching, redness, swelling, and lesions of skin. 
Acids and alkalis such as drain cleaners, nail polish remover, 
plants such as poinsettias and hair colors, are all prominent 
causes of irritant contact dermatitis (ICDs). Heavy metals 
are metallic elements with a high atomic weight that 
are hazardous in low quantities and are known to cause 
dermatitis after systemic or local exposure. Nickel (Ni), 
chromium (Cr), lead (Pb), and copper (Cu) are among the 
common heavy metals used in various industries. Contact 
dermatitis is detected by laboratory tests such as patch 
testing, lymphocyte stimulation test (LST), and evaluation of 
cytokine production by primary cultures of peripheral blood 
mononuclear cells.

Vascular damage: Heavy metals are polluting agents and 
has various health hazards to human heart disease. Heavy 
metals, like cadmium,lead, mercury, chromium, and arsenic, 
are found in various sources such as air, water, soil, food, 
and industrial products. There is strong evidence to show 
connection between heart disease and exposure to heavy 
metals. Heavy metals can enhance the production of reactive 
oxygen species, which can then worsen reactive oxygen 
species generation and induce inflammation, resulting in 
endothelial dysfunction, lipid metabolism distribution, 
homeostasis disturbance, and epigenetic changes. Over 
a period of time, heavy metal exposure eventually leads 
to an increased risk of hypertension, arrhythmia, and 
atherosclerosis. Public health prevention and the application 
of antioxidants, such as vitamins and β-carotene, along with 
micronutrients, like selenium and zinc, can diminish the 
burden of vascular disease.

Immune system dysfuntion: Heavy metal exposure as 
a form of environmental pollution cause serious health 
problem all over the world .Children are more prone to have 
ill effects of heavy metal exposure because of imperfect 
physical development. Research shows that heavy metal 
exposure is associated with low immune response in 
children. Although there are lot of studies describing the 
evidence for the negative effects of heavy metal exposure 
on the immune system in children. Heavy metals such 
as (lead (Pb), cadmium (Cd), arsenic (As), mercury (Hg), 
nickel (Ni), and manganese (Mn)) have effects on children’s 
innate immune cells, WBCs, cytokines, total and specific 
immunoglobulins. Exposure to heavy metals, particularly Pb, 
Cd, As, and Hg, not only shows suppressed adaptive immune 
responses in children, but also altered the innate immune 
system to impair the body’s capacity to fight pathogens. 
Heavy metal exposure alters cytokine levels which induce 
inflammatory responses in children. Pb, As, and Hg exposure 
was associated with decreased antibody titers, and high risk 
of immune-related diseases in children by changing specific 
immunoglobulin levels. Cd, Ni and Mn showed activation 
effects on the immune response to childhood vaccination. 
Age, sex, nutritional status, may influence the effects of heavy 
metals on immunity in children.

Birth defects: Polluting metals; such as lead (Pb), cadmium 
(Cd), and mercury (Hg), in the ecosystem have potential risk 
factors and negative effects on pregnant women and the 
embryonic developments in humans, including reproductive 
disorders, reduced weight. Several studies have explored 
the association between air pollution exposure and MN 
frequencies, yielding interesting findings. O’Callaghan-Gordo 
C, et al. [51] demonstrated the genotoxic repercussions of air 
pollution on pregnant women. Environmental pollution with 
heavy metals may cause congenital diseases.

Cancers: Heavy metals are highly toxic, have environmental 
persistence, and accumulation in living organisms. Human 
health is a main concern poisoned by harmful heavy metals. 
Most heavy metals pollute all the strata of atmosphere which 
can be fatal to humans. All living beings can be exposed to 
heavy metals through water, soil, or air). Their entry into 
the food chain confirms effects on macromolecules DNA, 
RNA and proteins in living systems, resulting in undesirable 
outcomes. Combustion of fossil fuels, industrial discharge 
cause spread of metals like mercury, lead, chromium, 
cadmium, and arsenic through all medium. These spread 
causes dysfunction of organ and organ system. These heavy 
metals are carcinogenic. Heavy metals interfere with human 
metabolism, including proliferation, differentiation, repair 
and apoptosis.
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Conclusion

Biological indicators acts as warning signal for pollution. They 
are used to diagnose harmful impacts. They are frequently 
used to diagnose expected harmful impacts of pollutants 
towards biosphere. Biological indicator is the prompt and 
correct response to pollution, ability to detect changes, 
pollution, and/or climate changes in a given ecosystem. 
The occurrence of heavy metals is mostly in the soil, which 
make it reservoir for accumulation of metals from different 
sources and therefore it can pose risks and hazards to living 
creatures and the ecosystem. Contaminated soil with heavy 
metal is hazard to humans, since the metal ions can enter the 
food chain through direct ingestion or skin contact with the 
soil, or drinking of contaminated groundwater.
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