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eavy metals, including cadmium (Cd), lead
(Pb), arsenic (As), chromium (Cr), mercury
(Hg), and others, are naturally occurring
elements found in the earth’s crust. While trace
amounts of some of these .
metals are essential for
biological processes, their
excessive accumulation,
primarily due to
anthropogenic  activities,
has become a growing
environmental  concern.
Major sources of heavy
metal contamination in
agricultural soils include the indiscriminate use of
chemical fertilizers and pesticides, industrial effluents,
mining operations, wastewater irrigation, atmospheric
deposition from vehicular and industrial emissions,
and the disposal of municipal solid waste. These
activities introduce elevated concentrations of toxic
metals into the soil system, disrupting its physico-
chemical and biological balance.
The persistence of heavy metals in soils and

their non-degradable nature means they can
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accumulate over time, leading to long-term
contamination. This adversely affects soil fertility by
interfering with microbial activity, nutrient cycling,
and plant root development. More alarmingly, heavy
metals  are  readily
absorbed by plants from
the contaminated soil and
translocated to edible
plant parts. As a result,
food crops grown in such
soils may contain unsafe
levels of heavy metals,
posing a direct threat to

food safety and human

health.

Therefore, the presence and accumulation of heavy
metals in agricultural soils not only compromise soil
health and crop productivity but also raise serious
concerns regarding environmental sustainability. It is
imperative to monitor soil contamination levels,
regulate pollutant sources, and adopt remediation
strategies to mitigate heavy metal accumulation and
safeguard both ecosystem and human well-being.

Sources of Heavy Metal Accumulation in Soil
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The primary sources of heavy metals in agricultural
soils include industrial emissions, application of
sewage sludge, use of pesticides and fertilizers,
wastewater irrigation, and fly ash from thermal power
plants. Numerous studies highlight the pivotal role of
chemical fertilizers in the build-up of heavy metals in
cultivated soils. According to Atafar et al. (2008), the
use of phosphate fertilizers significantly increased
levels of Cd, Pb, and As in wheat-cultivated soils,
especially when fertilizer application rates exceeded
crop needs.

Similarly, Bai et al. (2010) found that land use patterns
significantly —affect metal accumulation, with
greenhouse vegetable fields showing the highest
concentrations of heavy metals, particularly Cd and
Cu, The

accumulation was strongly linked to the overuse of

compared to maize or forest lands.

chemical and organic fertilizers containing trace metal
impurities.

Additionally, the application of fly ash as a soil
amendment proposed as a method for soil
improvement can elevate heavy metal levels in soil and
crops if not carefully managed. Nayak et al. (2015)
reported increased concentrations of Zn, Fe, Cu, Mn,
Cd, and Cr in soil at higher fly ash application rates,
with trace metals also detected in rice grains grown in
these soils.

Soil and Plant Factors Influencing Uptake

Heavy metal uptake by plants is governed by various
soil characteristics including pH, cation exchange
capacity, organic matter, and redox potential. Cataldo
and Wildung (1978) emphasized that metal solubility,

influenced by these factors, plays a critical role in
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determining how much of a metal becomes available to
plant roots. Acidic soils, for example, enhance the
solubility of many heavy metals, increasing their
bioavailability and risk of plant uptake.

Different crops and even different varieties
within the same species vary in their capacity to absorb
and translocate heavy metals. Wang and Li (2014)
found that wheat tends to accumulate higher
concentrations of heavy metals compared to corn,
particularly Cd and Hg. This makes cereal grains a key
vector for heavy metals entering the human diet.
Effects on Crop Health and Yield
Heavy metal contamination negatively impacts plant
growth and productivity. Metals such as Cd and Pb
interfere ~ with  physiological  processes like
photosynthesis, nutrient uptake, and enzyme activity.
Sharma and Agrawal (2005) observed reductions in
biomass and yield in crops exposed to elevated heavy
metal levels. Additionally, these metals can alter
antioxidant enzyme levels and reduce the nutritional
quality of produce.

Health Risks to Consumers

Heavy metals taken up by crops ultimately enter the
human food chain, especially through staple foods like
cereals and vegetables. Chronic exposure to heavy
metals can lead to severe health conditions including
neurotoxicity, kidney and liver damage, skeletal
disorders, and various cancers. Cd, for instance, is
nephrotoxic and a known carcinogen, while Pb affects
neurological and cardiovascular systems. Children are

particularly vulnerable to the toxic effects of Pb and Cd

due to their developing systems.
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Zwolak et al. (2019) highlighted that even low e Regulate fertilizer and pesticide use, favouring
concentrations of heavy metals in vegetables pose a those with minimal heavy metal content.
health threat, especially when consumed regularly. e Monitor soil and crop metal concentrations
Regulatory bodies such as the EU and WHO have regularly, especially in high-risk areas like those
established maximum permissible levels for heavy near industrial zones.

metals in food to mitigate these risks, but these are ¢ Implement soil amendments and pH adjustments to

often exceeded in produce from contaminated areas. reduce metal bioavailability.
Conclusion and Recommendations e Promote phytoremediation using plant species
The build-up of heavy metals in soil and their transfer known to extract or stabilize heavy metals.

into crops and ultimately humans is a growing concern A coordinated  approach involving  farmers,

worldwide. To ensure food safety and sustainable policymakers, scientists, and consumers is vital to curb

agriculture, the following steps are essential: the silent yet severe threat of heavy metal
contamination in our food systems.
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