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Chapter

Effect of Heavy Metal Pollution on
Invertebrates

Samir Ghannem, Sonia Daouadi and Samir Touaylia

Abstract

Metal pollutants are widespread in air, soil and water causing a decline in invertebrates
worldwide. The increase of environmental pollution by heavy metals has a negative
impact to organisms and influence their diversity, distribution, physiology and behavior.
Contrary to other pollutants, metals are non-degradable and can potentially bio-
accumulate and be biomagnified in the trophic chain. Because soil invertebrates tend to
be strongly affected by environmental disturbances, high concentrations of these metals
can become hazardous to invertebrates. Noxious effects can affect all biological levels,
and toxins affect all ecological interactions. In this brief chapter, we have tried to develop
a comprehensive understanding of the influence of metal contamination on ecosystem
disturbance. We give examples of studies on the effects of pollutants on invertebrates.

Keywords: impact, heavy metals, invertebrate decline, environmental pollution,
bioindicators

1. Introduction

Pollution is a mixture of contaminants in the environment that has serious
consequences on the environment. It can originate from chemicals in any envi-
ronmental medium, with deleterious consequences on living species. The damage
expressed to living organisms can lead to damage to their health or interference with
the ecological systems of which they are a part [1]. However, the ecological risk of
heavy metals has become a major concern in developing countries. The multiple
industrial, domestic, agricultural, medical and technological applications of heavy
metals have led to their wide distribution in the environment, raising increasing
concerns about their potential effects on human health and the balance of ecosystems.
Heavy metals are also part of the contaminants that can be found in residential areas.
Heavy metals present in the atmosphere, soil and water today come from various
sources such as landfills, domestic and industrial waste, mineral and oil extraction
sites as well as atmospheric pollution. These products are accumulated by the fauna
and flora and magnified along the food chain, which multiplies the impact of this
pollution. Each year the levels of pollutants, in particular metals, increase and cause
environmental threats that lead to the imbalance of the natural system [2]. Toxic
chemicals in the environment can enter ecosystems and end up throughout the
biosphere. Ecosystems can be affected by chemical contamination, disturbing the
activities of living organisms or changing the physical properties of ecosystems [3].
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Disturbed environments and excessively loaded with metals, can lead to a decrease

in the biological activity of invertebrates. Currently the regression of the diversity of
invertebrates in the world is very remarkable. According to [4], the effects of toxic
metal pollution on terrestrial invertebrate species appear to be extremely significant
and widespread. Such a revision of regulatory thresholds to better protect terrestrial
invertebrates, which seem more sensitive to metal pollution than vertebrates, is
necessary and needs urgent attention from scientists and stakeholders [5]. The pol-
lution of ecosystems exposes an astonishing danger to invertebrate’s species through
direct and/or indirect contact with contaminated soil [6, 7]. The contamination of
ecosystems is the complication that strongly affects biodiversity, the environment
and human health all over the world via soil and water pollution [8]. Bioindicators
have been considered an essential tool for monitoring and discovering changes in the
environment [9]. The choice of the most adequate indicator is linked to the objec-
tive of the survey and the characteristics of the indicator. In the invertebrate group,
several species or groups of species have been used as indicators. Bioindicators species
are sensitive to environmental changes, such as high levels of metals [10, 11], this
sensitivity is expressed by the absence or presence of species, or by altered physi-
ological and/or morphological changes [12]. The relationships between toxic chemi-
cal elements, the biotope and living organisms can cause the degradation of these
compounds during their modification, leading to transformations of the environment
and leading to harmful damage to living organisms [3]. The response of invertebrates
to metal pollution is closely related to species as well as pH conditions, exposure time,
and metal form and concentration, which are deeply tied to metal bioavailability

[13, 14]. It should be noted that the use of certain species of invertebrates as better
indicators than others is linked to their different ecological requirements. As part of
biomonitoring programs, measurements of metal residues have been established on
invertebrate species [15]. The utility of studies performed on invertebrates can be
essential for such an assessment of the impact of toxic metal pollution on environ-
mental behavior and the strategies adopted to anticipate such an effect [10]. They
show an important role in terrestrial environments linked to their vast abundance,
biomass, and diversity [16]. Invertebrates living in polluted environments have been
regularly revealed to accumulate heavy metals [17-19]. Using sensitive species inver-
tebrates lets for an improved valuation of the threats environmental and for more
informative and efficient test systems [10].

2. Materials and methods

This study focuses to evaluate the potential heavy metals impacts on invertebrates.
The results cited come from the literature of 26 years from 1997 until 2022.

3. Bioindicators concept

In recent decades, the use of alternative biological activities for monitoring the
state of the environment has been increased due to the high cost associated with
traditional instrumental measurement methods. The use of bio-indicators is consider-
ably more economical since it generally makes it possible to avoid using expensive
technological equipment and to save time [20, 21]. Bio-indication therefore refers to a
process of analysis of various biological indicators that is part of the biomonitoring of
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the quality of ecosystems [22]. The indicators that can provide ideas on the qualitative
state of the environment are defined as bioindicators. These bioindicators are fre-
quently used in scientific investigations to assess the progressive impacts of pollutants
due to anthropogenic activities. Bioindicators are sensitive to changes and distur-
bances in biotopes. However, the quality of an environment can be assessed by living
species, which have an essential role in monitoring its disturbances [23]. Moreover,
certain bio-indicators for their capacity of bioaccumulation, allow an early detection
of pollutants or disturbances [24]. Furthermore, bio-indicators provide informa-

tion “on the bioavailability of pollutants rather than on their total concentration in
the environment” [20]. This distinction is significant when looking at the effects of
pollutants on organisms [25]. Finally, unlike instrumental measurements which take
parameter values instantaneously and locally, bio-indicators provide an integrated
indication of the spatiotemporal effects of pollutants on biota since they “reflect the
total time of exposure to the pollutant” [20]. According to [26], a bioindicator (or
bio-indicator or biological indicator) is an organism or set of organisms which, by ref-
erence to biochemical, cytological, physiological, ethological or ecological variables,
makes it possible, in a practical and safe way, to characterize the state of an ecosystem
or an ecocomplex and to bring to light as early as possible their modifications, natural
or provoked”. The choice of indicator species is based on their easy monitoring, and
that they can predict the conditions of the environment to which they belong [27].

In addition, indicator species must be easily collected, very abundant, widely dis-
tributed, available all year round, easily recognized by non-specialists, possess a high
sensitivity to environmental constraints and should be profitable [3].

4. Effect of heavy metal pollution on invertebrates

Metallic elements are considered systemic toxins known to induce neural and
multi-organ damage, and contribute to cancer in animals and humans, even at low
levels of exposure. Their toxicity depends on several factors, including dose, route of
exposure and chemical species, as well as the age, sex, genetics and nutritional status
of those exposed. However, in some invertebrates, physiological and ecological
changes following pollution by heavy metal can be detected by neurological dysfunc-
tions and sensory, endocrine or metabolic disturbances [28]. Following exposure
to a series of soils contaminated with different concentrations of cadmium and
zinc on the talitrid amphipod species Orchestia gammarellus, [29] detect significant
changes in the morphology and in the ultrastructural organization of hepatopan-
creatic cells as well as the rhythm of locomotor activity. However, the results show
that the damage observed at depends on the concentration at which the individuals
were expressed. Concerning the behavioral response, a great intervariability of the
locomotor rhythm was observed. Patterns were in majority bimodal for the uncon-
taminated individuals and became unimodal and multimodal when exposed under
Cd and the Zn respectively. In addition, the circadian period lengthened after Zn
exposure. Referring to [30] pollution intensities could have negative effects on the
restriction of the distribution area or even the disappearance of certain species. In a
polluted environment morphological, behavioral, tissue or physiological alterations,
as well as the abundance, reproductive success and mortality of animal species are
observable and measurable variables reflecting the state of their habitat [12, 24, 25].
In line with that, toxic metals interfere with cytoplasmic membranes and lead to
pathological results [31, 32]. These pathological ramifications contain the nuclear
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and cytoplasmic corruptions. The follicular epithelial cells showed signs of damage
which is a remarkable appearance seen in the ovarian cells from the polluted site.
This can delay oocyte maturation and result in imperfect yolk deposition [33, 34].
The distorted brush borders of the microvilli may block the passage of the materials
toward the oocyte. Also, the deformity of yolk granules could obstruct vitellogenesis
and result in a lower fecundity and egg viability [34].

Referring to [12], following pollution by Cd, Ni and Zn, the response of inver-
tebrate species of Pterostichus oblongopunctatus (ground beetles) results in severe
intestinal degeneration. In the case of Zn pollution, a decrease in the number of eggs
laid by Poecilus cupreus has been observed [35]. Furthermore, the results obtained
by [36] indicate an increase in egg production and a reduction in egg quality (hatch-
ing) in zones polluted by metals compared to unpolluted areas. In [37], it was shown
that in polluted areas the body weight of P. oblongopunctatus is higher compared to
unpolluted areas. It was explained by advanced metal tolerance [38]. Several publica-
tions have appeared in recent years documenting that exposure of invertebrates to
toxic elements causes sublethal consequences, sometimes difficult to evaluate, such
as impaired fertility observed in (grasshoppers: [39]; springtail: [40]; earthworm:
[41], resistance to pathogens; ant: [42]; honey bee: [43]), developmental abnormali-
ties fly [44]; moth: [45]; ant: [46]) and similarly altered feeding behavior (aphid:
[47]; honey bee: [48]). In addition, metal pollution can cause cell damage or death
in the brains of invertebrates, as their nervous systems are small in size and contain
relatively few neurons [49, 50]. According to [51], toxic elements, particularly
zinc, can disturb molting cycles, alter the digestive glands in isopods and can affect
food consumption, reproduction and the composition of the community. Previous
studies indicate that metal pollution has severe consequences on pollinator behavior
by affecting foraging activity, food perception and memory abilities necessary for
energetic foraging [5, 48, 52, 53]. The results obtained by [54] on tenebrionid beetles
(Blaps polycresta and Trachyderma hispida) inhabiting polluted soil shows several
abnormalities in oocytes and trophocytes. These baseline abnormalities included
exfoliation and vacuolation of follicular epithelium, vacuolated trophocyst, nuclear
abnormalities, and morphological changes in cytoplasmic organelles. Co-exposure
of honey bees (A. mellifera) to cadmium and copper resulted in increased develop-
mental time, high mortality, and decreased food intake and response to sucrose [55].
Referring to [56], the study of the impact of Cadmium on species of Tenebrionidae,
reveals a decrease in population density, a reduction in body weight, an increase in
the mortality rate and an increase in the sex ratio insects. Moreover, the results also
revealed a striking decrease in the body length of polluted insects with a marked
increase in the percentage of deformed gonads and digestive tract.

5. Results and discussion

One of the main characteristics of the different bioindicator species is, among
other things, the ability to respond in an observable and measurable way to distur-
bances or to accumulate the pollutant. The distribution of invertebrates in all types
of terrestrial and aquatic makes them excellent for ecotoxicological analysis and are
efficient biomarkers in detecting environmental pollution. However, the internal
study of the compartment of metals in different subcellular fractions, allows us to
better interpret the mechanisms of accumulation of toxic elements in organisms
and their transfer through trophic chains [12]. In general, toxic metals, even at low
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concentrations, have a polluting nature with harmful effects for living organisms.
Heavy metals have a cumulative effect. Their selective attachment to sensitive organs
and tissues can be dangerous when their concentrations are high [57]. It is also likely
that heavy metal ions act on Ca* receptors [58] and metal ions enter the interior of
the cell, from where they initiate free radical oxidation [59]. An oxidative stress reac-
tion then develops which in turn influences the lysosomes. Furthermore, variation

in the concentration of heavy metals affects the susceptibility of insects to entomo-
pathogenic fungi [60, 61]. According to [62], the humoral immunity of invertebrates
could be affected by the stress of toxic elements, and the response of the humoral
immunity of insects was found to affect the susceptibility of insects to entomopatho-
genic microorganisms [62, 63]. In addition, insects reduce their feeding or decrease
their digestion and absorption as a result of heavy metals accumulated in food [64].
Referring to [65], a reduction in intermediate carbohydrate metabolism, was observed
in chironomid (Chironomus tepperi), including glucose 6-phosphate, fructose 6-phos-
phate and disaccharides following exposure to Zn stress. Thus, to better understand
the effect of heavy metal stress on insect disease resistance and their corresponding
regulatory mechanisms, studies on several insect species and different types of toxic
elements should be done [66].

6. Conclusions

The use of invertebrates as bioindicators to assess environmental risks occupies a
high priority for researchers and environmental observers due to their efficient and
rapid responses to various external causes. However, toxic elements are capable of
penetrating the body and accumulating in certain tissues, causing cellular alterations
as well as damage to energy metabolism, growth and reproduction. Further study of

the issue would be of interest to improve international guidelines for metal pollutants
and to develop maintenance plans to protect invertebrates and ecosystem services.
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