Journal of Health
and Rehabilitation
Research GEEED

For contributions to JHRR, contact at email: editor@jhrimc.com

Narrative Review

Soil Contamination and Human Health: Exploring the Heavy
Metal Landscape: A Comprehensive Review

Muhammad Zaib?*, Ali Zeeshan?, Humaira Akram?, Sunila Hameed?, Ammara Wakeel?, Samreen Qasim?, Saira Aslam?
tUniversity of Sargodha, Sargodha

2University of Veterinary and Animal Sciences, Lahore

“Corresponding Author: Muhammad Zaib; Email: zaibch767 @gmail.com

Conflict of Interest: None.

Zaib M., et al. (2023). 3(2): 351-356. DOI: 10.61919/jhrrv3i2.123

ABSTRACT

Background: Composting, a cost-effective and efficient method for managing solid waste rich in organic matter, faces challenges
when contaminants, particularly heavy metals, are present. These contaminants can significantly impact various environmental
aspects and human health.

Objective: This study aims to provide a comprehensive review of the effects of heavy metal contamination in compost, focusing on
its impact on soil quality, plant growth, aquatic ecosystems, and human health.

Methods: An extensive examination of current literature was conducted to analyze the consequences of heavy metal presence in
compost. This involved reviewing studies on soil microbial activity, plant health, the accumulation of metals in the food chain, and
the resultant effects on animal and human health, as well as on aquatic systems.

Results: Elevated levels of heavy metals in compost were found to be toxic to soil microorganisms, vital for numerous soil processes,
leading to a reduction in their abundance and functionality. Plants exposed to these metals showed disrupted physiological processes
and compromised growth. The absorption of heavy metals by plants leads to their entry into the food chain, posing risks to animal
and human health. In aquatic environments, these contaminants contribute to oxidative stress, negatively affecting aquatic life.

Conclusion: The presence of heavy metals in compost presents significant environmental and health risks. It is crucial to ensure the
absence of such contaminants in compost intended for agricultural use. This study underscores the need for sustainable waste
management practices and stringent monitoring of compost quality to safeguard environmental health and human well-being.

Keywords: Heavy metals, Compost contamination, Soil health, Plant growth, Food chain, Aquatic ecosystems, Human health,
Environmental impact.

INTRODUCTION

Composting, facilitated by aerobic microorganisms, represents an advanced approach to organic waste management. This process
encompasses three distinct phases: the mesophilic phase, the thermophilic phase, and the cooling phase, also known as the compost
stabilization stage (1). During these phases, organic waste undergoes a series of transformations, fostering a biological environment
conducive to the efficient breakdown of materials. This culminates in the production of nutrient-rich compost, a process capable of
reducing solid waste volume by an impressive 40-50% (2). The thermophilic phase plays a crucial role in pathogen elimination
through metabolic heat generation, while also facilitating the decomposition of a significant proportion of hazardous organic
pollutants. The resulting product is an environmentally friendly soil amendment or fertilizer (3). However, elevated levels of heavy
metals in the final compost can undermine soil stability and resilience, impacting soil chemistry, physics, and biology, and thereby
affecting plant growth and development (4).

Heavy metals, including copper, nickel, cadmium, zinc, chromium, and lead, pose significant environmental challenges due to their
diverse nature (5). While some metals like iron, zinc, calcium, and magnesium are essential for human physiology, others like arsenic,
cadmium, lead, and methylated mercury are non-essential and potentially toxic even at low concentrations (6). The presence of
heavy metals in soil can disrupt the complex and dynamic ecosystems of soil microorganisms, affecting microbial diversity, population
size, and overall activity levels (7). Lead (Pb) contamination, for example, can adversely affect soil productivity and plant physiological
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functions (8). The absorption of heavy metals by plants is a crucial factor in the transmission of these contaminants through the food
chain, posing significant health risks (9). Agricultural runoff containing heavy metals also threatens aquatic ecosystems (10).

Effects of Heavy Metals

Human Health

The accumulation of heavy metals in plants from contaminated soil presents significant health risks. Cadmium (Cd) toxicity, for
instance, affects vital organs and can lead to diseases such as cardiac failure and cancer (9, 10, 32, 33). Excessive zinc consumption
can cause systemic dysfunctions and growth impediments (34). Copper (Cu), essential for physiological functions, can induce severe
health issues when ingested in high amounts (35). Nickel (Ni) exposure can result in skin irritation, respiratory issues, and even
cancer in certain contexts (6). Lead (Pb) exposure can cause dysfunction in multiple organ systems and is particularly harmful to the
central and peripheral nervous systems (36). Chromium (Cr), especially in its hexavalent form, is a potent carcinogen (38, 40).
Mercury, with no known function in human biochemistry, can cause severe neurological and gastrointestinal disorders (6). Arsenic
toxicity can lead to fatal outcomes and mimic autoimmune disorders like Guillain-Barre syndrome (6).
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The introduction of heavy metals into soil ecosystems significantly alters enzymatic dynamics by disrupting microbial communities
responsible for enzyme production. This leads to a disturbance in vital microbial processes and a decrease in the abundance and
functionality of soil microorganisms (14, 15, 16). Chromium, for instance, exists in soil in two forms: Cr (IIl) and Cr (VI), with Cr (VI)
being highly toxic and detrimental to soil microbial populations (7, 14, 18). The impact of heavy metals on soil microbial communities
and enzyme activities is diverse, with different metals affecting enzyme activities in varying degrees. For instance, cadmium (Cd)
shows higher toxicity to enzymes compared to lead (Pb) (14). This table summarizes these impacts, providing a detailed
understanding of the complex effects of heavy metal pollution on soil ecosystems.

Composting Process

Heavy metals profoundly influence the composting process by altering microbial diversity. Microorganisms, essential for organic
matter degradation during composting, are affected by heavy metals in terms of reproductive capacity, morphological
characteristics, and physiological functions (41). These metals can inhibit microbial enzymes, disrupting essential enzymatic
reactions and metabolic processes (42). For example, higher concentrations of copper (Cu) and zinc (Zn) have been shown to
decrease dehydrogenase activity during vermicomposting (43). The oxidative stress induced by heavy metals leads to the generation
of reactive oxygen species, further damaging proteins (44). In vermicomposting systems, high levels of Cu and Zn can affect
earthworm populations, necessitating careful monitoring (43). This table outlines the varied impacts of heavy metals, especially lead
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(Pb), copper (Cu), and zinc (Zn), on microbial diversity and composting processes, emphasizing the critical need for vigilant
monitoring in sustainable composting practices.

Plants

In the context of plants, heavy metals like lead
(Pb), cadmium (Cd), arsenic (As), selenium (Se),
and mercury (Hg) are non-essential and
potentially harmful (9). Conversely, elements such
as manganese (Mn), zinc (Zn), iron (Fe), copper
(Cu), nickel (Ni), cobalt (Co), and molybdenum
(Mo) are vital for plant growth but can become
toxic when present in excessive concentrations.
The use of compost in agriculture requires careful
consideration of these elements, especially in
vegetable cultivation where there is a direct path
for heavy metal transfer to humans (9). The
absorption and accumulation of heavy metals in
plants vary with environmental factors, as

demonstrated in studies on Beta vulgaris

Figure 2 Diagrammatic explanation about heavy metals in the environment

(Spinach), where seasonal variations influenced
the uptake of various metals (21, 22). This complex accumulation process depends on plant species and environmental conditions,
affecting essential physiological functions and potentially leading to reduced plant growth, chlorosis, and other adverse effects (7,
8, 10, 23). Heavy metal stress in plants typically inhibits growth, with essential elements showing a Gaussian curve of tolerance and
non-essential elements displaying a plateau-like phase (Figure 2).

Aquatic Environment
Heavy metals in aquatic environments pose significant threats to marine organisms due to their enduring nature and capacity to
induce oxidative stress (24).

Table 1 Impact of Heavy Metals on Microbial Diversity and Composting Processes.

Heavy Metal Effect on Microorganisms and Composting Processes

General Impact Heavy metals have a profound influence on composting by altering microbial diversity, impacting the
degradation of organic matter, and modifying heavy metal mobility for plants. Their presence impedes
microbial enzymes, hindering enzymatic reactions and complex metabolic processes (41).

Phosphatase The synthesis of phosphatase, crucial in composting, is diminished in the presence of heavy metals,

Synthesis affecting organic matter degradation (42).

Lead (Pb) Toxic lead in Pb-contaminated substrates suppresses microbial growth and activity, posing challenges to
microorganisms during composting (41).

Copper (Cu) and Cu and Zn influence dehydrogenase and protease activity during vermicomposting. Higher Cu and Zn

Zinc (Zn) dosages result in decreased dehydrogenase activity, impacting the composting process (43).

Enzyme Deactivation | Heavy metals can deactivate enzyme reactions through complexation with the substrate, reacting with
protein-active enzyme groups, or interacting with the enzyme-substrate complex, hindering microbial
processes (41).

Oxidative Damage Copper and cadmium induce oxidative damage to proteins during composting by triggering oxidative
stress and generating reactive oxygen species like hydroxyl or superoxide radicals (44).

Impact on Elevated Cu and Zn levels impact vermicomposting systems, accumulating in worm tissue and reducing

Vermicomposting juvenile production. Monitoring Cu and Zn levels is crucial for maintaining a healthy earthworm

population in vermicomposting with Eisenia fetida earthworm (43).

These metals resist bacterial degradation, thus persisting in marine ecosystems (24). Heavy metal contamination in rivers disrupts
aquatic biodiversity and increases overall pollution levels (25). Metals bind with particulate matter in water, settling into sediments
and affecting organisms like aquatic macrophytes (26). Even in areas where water quality criteria are met, metal contamination can
still degrade the environment (27). Diatom communities in rivers are particularly sensitive to micropollutant levels (28, 29).
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The accumulation of heavy metals in fish and their subsequent movement up the food chain raises concerns for human health,
especially due to the biomagnification of these contaminants (25). Reactive oxygen species generated by these metals can cause
extensive damage to aquatic organisms, impacting their physiology and ecosystem dynamics (24). Fish, as a primary source of human
consumption, are at risk due to their potential heavy metal contamination, with mercury (Hg) being of particular concern (30).

Benthic macroinvertebrates, important in lotic food webs, serve as indicators of metal contamination, yet their role in transferring
these pollutants through the food chain needs further assessment (31).

CONCLUSION

The utilization of compost enriched with heavy metals poses significant risks to soil health, agricultural productivity, and
environmental integrity. The absorption of these metals by plants from contaminated soils disrupts their physiological processes,
leading to diminished crop yields and reduced agricultural efficiency. This concern is further magnified by the potential for
biomagnification, where heavy metals accumulate in human tissues through the food chain, presenting substantial health risks. The
implications of heavy metal contamination extend beyond plant and soil health, influencing human healthcare systems and health

policy.

Heavy metals in compost contribute to soil pollution, altering soil's physical, chemical, and biological characteristics. This alteration
not only impairs plant growth but also impacts the soil microbial ecosystem, essential for nutrient cycling and soil fertility. The
consequences of these changes have far-reaching implications for agricultural practices and policies. To address these challenges,
health policies must focus on stringent regulations for compost quality, particularly for agricultural use. This includes the
development of guidelines and standards to limit heavy metal content in compost, ensuring it is free from pathogens and toxic
elements.

The entry of heavy metals into the food chain through plant uptake is a critical concern for public health. This necessitates a revision
in health policies to include regular monitoring of food products for heavy metal contamination, reinforcing the importance of food
safety. In healthcare, the emphasis should be on awareness and prevention strategies, educating the public about the risks
associated with consuming produce grown in contaminated soils. Health practitioners should be equipped with the knowledge to
identify and manage health issues related to heavy metal exposure.

Furthermore, the runoff from agricultural fields contaminated with heavy metals poses a significant threat to aquatic ecosystems.
This requires attention in environmental policies, ensuring that agricultural practices do not detrimentally impact aquatic life.
Strategies such as buffer zones and the use of phytoremediation plants can be effective in mitigating the transfer of heavy metals
from agricultural fields to water bodies. Therefore, the presence of heavy metals in compost has wide-ranging implications, from
soil and plant health to human healthcare and environmental policy. Addressing these challenges requires a multi-faceted approach
involving stringent regulation of compost quality, increased monitoring of food safety, public health education, and the
implementation of environmentally responsible agricultural practices. By adopting these measures, we can ensure the sustainable
use of compost in agriculture without compromising the health of ecosystems and the well-being of human populations.
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