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Introduction

Airborne particulate matter (PM) represents a pervasive environmental pollutant
with profound and multifaceted impacts on ecosystems. Its deposition alters fun-
damental soil properties, directly influences plant physiology, and disrupts the del-
icate balance within aquatic environments. Research has illuminated how PM de-
position can lead to significant shifts in soil pH, affecting the availability of essential
nutrients and altering the composition and function of soil microbial communities
[1].

For terrestrial vegetation, exposure to PM poses a considerable threat, capable of
impairing photosynthetic processes, reducing overall growth rates, and increasing
the susceptibility of plants to diseases and pests. These effects can have cascad-
ing implications for agricultural productivity and the health of natural forests. In
aquatic systems, PM deposition can reduce light penetration, a critical factor for
primary producers, and can directly affect the respiration of fish and introduce toxic
substances into the water column [1].

Studies have investigated the specific effects of different PM sizes on plant phys-
iological functions, such as stomatal conductance and photosynthetic rates. Fine
particulate matter, notably PM2.5, has been identified as causing more significant
damage than coarser particles. This damage primarily occurs through the physical
clogging of stomata and the induction of oxidative stress within plant tissues [2].

The research quantifies the reduction in gas exchange and chlorophyll content,
thereby providing a mechanistic understanding of PM's phytotoxicity. These find-
ings are crucial for understanding and mitigating the impacts of PM on agricultural
productivity and forest health in areas affected by elevated levels of air pollution
[2].

Furthermore, the ecological consequences of heavy metal deposition from airborne
PM are a significant concern. Toxic metals such as lead and cadmium accumulate
in both soil and plants, leading to biomagnification within food webs. Studies have
reported elevated metal concentrations in plant tissues, which are then transferred
to grazing animals, posing risks to higher trophic levels [3].

These accumulations highlight the long-term environmental risks associated with
chronic PM pollution, particularly in industrial regions where emissions are often
concentrated. The persistence of these metals in the environment raises concerns
about their cumulative effects on ecosystem health and biodiversity [3].

Research also delves into the impact of PM on soil microbial communities and
their associated enzymatic activities. Exposure to PM has been observed to cause
significant shifts in bacterial and fungal diversity, often leading to a decrease in
beneficial microbes essential for nutrient cycling processes. This disruption can

compromise the soil's capacity to support plant growth [4].

Key soil enzymes involved in carbon and nitrogen metabolism have also shown
reduced activity following PM exposure, indicating a general impairment of critical
soil functions. This suggests that PM pollution can degrade soil health, reducing
its fertility and its ability to sustain healthy plant life [4].

In aquatic ecosystems, the effects of PM deposition on primary productivity and
zooplankton communities are substantial. PM reduces light penetration in wa-
ter bodies, leading to a decline in phytoplankton biomass and photosynthetic effi-
ciency. Concurrently, zooplankton populations exhibit reduced diversity and abun-
dance, likely due to direct physiological stress and alterations in their food sources,
demonstrating cascading effects on aquatic food webs [5].

Finally, the impact of PM on forest health, specifically concerning canopy defo-
liation and tree growth, is another critical area of study. PM deposition on leaf
surfaces can physically block stomata, reduce light absorption, and leach essen-
tial nutrients, ultimately contributing to forest decline. Understanding these direct
and indirect mechanisms is vital for forest conservation efforts [6].

Description

Airborne particulate matter (PM) significantly alters soil properties by affecting soil
pH, nutrient availability, and microbial communities, thereby impacting terrestrial
ecosystems. This deposition can lead to changes in nutrient cycles and reduce
the soil's capacity to support plant life [1].

For plants, PM exposure impairs photosynthesis, reduces growth, and increases
susceptibility to diseases and pests. Fine particulate matter, particularly PM2.5,
causes more damage than coarser particles by clogging stomata and inducing ox-
idative stress, which impacts gas exchange and chlorophyll content. This has im-
plications for agricultural productivity and forest health in polluted areas [2].

The accumulation of heavy metals from airborne PM in soils and plants is a ma-
jor concern. Toxic metals like lead and cadmium lead to biomaghnification in food
webs, posing long-term environmental risks, especially in industrial regions. The
chronic effects of these contaminants on ecosystem health are significant [3].

PM also alters soil microbial community structure and enzyme activity. Exposure
leads to shifts in bacterial and fungal diversity, reducing beneficial microbes and
impairing soil functions related to carbon and nitrogen metabolism. This compro-
mise in soil health affects its ability to sustain plant growth [4].

In aquatic systems, PM deposition reduces light penetration, decreasing phyto-
plankton biomass and photosynthetic efficiency. This also affects zooplankton
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communities, leading to reduced diversity and abundance due to direct stress and
changes in food sources, impacting aquatic food webs [5].

The physiological and ecological effects of PM on forest health include canopy de-
foliation and reduced tree growth. PM deposition on leaf surfaces physically blocks
stomata, reduces light absorption, and leaches nutrients, increasing vulnerability
to pests and diseases and contributing to forest decline [6].

Acidification of soils and surface waters by PM, especially from sulfur and nitro-
gen oxides, is a critical impact. Acidic PM leaches essential nutrients, reduces soil
buffering capacity, and mobilizes toxic aluminum. In aquatic systems, it lowers pH,
harming sensitive organisms and leading to long-term ecological consequences
[71.

PM deposition can enhance plant susceptibility to pathogens by damaging plant
tissues and weakening natural defense responses. Specific PM constituents can
exacerbate disease severity in crops, highlighting the need for understanding
these interactions for plant protection [8].

Soil organic matter decomposition and nutrient cycling are affected by PM. PM
deposition alters carbon and nitrogen cycling by impacting microbial activity and
enzyme expression, leading to complex changes in soil fertility. Some components
inhibit decomposition, while others stimulate nutrient release [9].

Finally, PM exerts toxicological effects on aquatic invertebrates, causing oxidative
stress, DNA damage, and reproductive impairment. Certain invertebrate groups
are sensitive indicators of PM pollution, highlighting their role in assessing ecosys-
tem health [10].

Conclusion

Airborne particulate matter (PM) significantly impacts terrestrial and aquatic
ecosystems. It alters soil properties, affecting pH, nutrient availability, and mi-
crobial communities. For plants, PM impairs photosynthesis, reduces growth, and
increases susceptibility to diseases and pests, with fine particles like PM2.5 caus-
ing substantial damage. Heavy metals from PM accumulate in soils and plants,
leading to biomagnification and long-term environmental risks. PM also disrupts
soil microbial communities and enzyme activities, compromising soil health and
nutrient cycling. In aquatic environments, PM reduces light penetration, affect-
ing primary productivity and zooplankton populations, and can cause toxicological
effects on invertebrates. Acidification from PM leaches nutrients from soils and
lowers pH in water bodies. Furthermore, PM can weaken plant defenses, mak-
ing them more vulnerable to pathogens. Overall, PM pollution poses a significant
threat to ecological integrity across various ecosystems.
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