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Introduction

Traditionally, soil has been contemplated as a natural entity that is formed by
topography, time, organisms, climate, and parent material. But human activity has emerged
as a potent soil-forming factor in modern cities. Natural landscapes are being drastically
altered, and whole new soil systems are being created by urbanization, industrialization,
development, and garbage disposal.

In urban pedology, which examines the development, characteristics, and uses of soil
in urban environments, these human-influenced soils are referred to as "Technosols."
Technosols demonstrate the significant impact of humans on Earth’s surface and are
considered prototypical soils of the Anthropocene.

Given the fast growth of the world's urban population, knowledge of Technosols is

now crucial for ecosystem management, environmental preservation, and sustainable urban

design.
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Figure 1. Technosol profiles after 1 month, 1 year, and 3 years for OP (left) and MP
(right) treatment (Grard et al., 2025)
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What Are Technosols?

Technosols are soils that include large amounts of artificial or man-made materials such
as ash, polymers, metals, building detritus, industrial waste, or other engineered materials,
known as artefacts, and whose characteristics and origin are dominated by technical human
activity. According to the World Reference Base for Soil Resources (WRB), Technosols
constitute a reference soil group characterized by strong human influence and the presence of
substantial amounts of technogenic materials in the soil profile.

Key Features
o Human-made materials predominate the soil profile.
o Presence of artefacts like concrete, bricks, or waste materials
o Rapid formation driven by urban activities
e Artificial or disturbed horizons
o Strongly altered physical and chemical properties
Technosols may develop within decades due to rapid urban development instead of
centuries, as natural soils do.
Technosols in Urban Pedology
Urban pedology acknowledges that the soils found in cities are diverse, ranging from
almost natural soils to entirely artificial substrates. Technosols are at the end of this spectrum,
when soil qualities and functions are dominated by human impact. They are distinct from
Anthrosols, another group of soils that have been impacted by humans, where agricultural
practices, rather than industrial or technical materials, are primarily responsible for soil
modifications.

The early 2000s saw the inclusion of Technosols in worldwide soil categorization
systems, reflecting a growing understanding that human activity is now a key global driver of
soil formation. (Rodriguez-Espinosa et al., 2021)

Formation of Technosols in Urban Environments

Anthropogenic pedogenesis is the aggregate term for the processes by which
Technosols originate when natural soil-forming systems are altered by human activity.
Principal Pathways of Formation

1. Activities Related to Construction and Demolition: Building materials, cement, and
debris from urban growth combine with soil to form new soil layers

2.  Manufacturing Operations: Technogenic materials originate from metallurgical
wastes, fly ash, mining residues, and industrial byproducts.

3. Landfills and Waste Disposal: Garbage dumps, sludge, and municipal debris

eventually turn into soil-like structures
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4. Constructed or Engineered Soils: To maintain vegetation or repair degraded soil,
Technosols can be purposefully made from organic and mineral wastes.
Therefore, urban soils could be both purposefully created substrates and

unintentional byproducts of disturbance.
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Fig. 2: Cross-sectional view of the landfill layers in Nigeria (Ikpe ez al., 2023)
Characteristics of Technosols
Technosols are substantially different from natural soils due to their heterogeneous

composition and artificial origin.
Physical Characteristics

o irregular layering and High heterogeneity

e reduced porosity and Strong compaction

e Variable drainage and water retention
Chemical Properties

e Due to concrete and lime materials, the pH is often high.

e Variability in nutrient availability

o Potential contamination with heavy metals or pollutants
Biological Characteristics

o Initially, a low level of microbial diversity

e Progressive ecological development over time

o Adaptation of stress-tolerant organisms

Urban disturbances, including compaction, pollution, and altered temperature

regimes, can further influence soil functioning and plant growth. (Schroder et al., 2024)
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Constructed Technosols: Designed Soils for Cities
The development of constructed Technosols, or engineered soils generated from

organic and mineral wastes to perform particular ecological functions, is a significant
advancement in urban soil science.
Commonly utilised materials consist of:

e Crushed rock and construction debris

e Ash and mining residues

e Organic waste and compost.

e Sludge from sewage or biochar

These soils are made to offer ecosystem services that are on par with or superior to those

of natural soils. (Rodriguez-Espinosa et al., 2021)

Human‘decision

Materials choice Organization of materials Biological community choice

Combined waste (constructe technosol)

Figure 3. The diagram presents abiotic and biotic components of constructed
Technosols (Deeb et al., 2018).
Applications

e Urban landscaping and green spaces

rooftop gardens and green roofs

Reclamation of Brownfield

Stormwater regulation

Urban agriculture

By converting waste materials into valuable soil resources, constructed technosols also
promote circular economy principles.

Environmental Functions and Ecosystem Services

Technosols have many ecological advantages despite their artificial origin:
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Service

References

Vegetation and crop support, developing a root environment

for the soil-water—plant system

Bolafios-Guerron et

al.(2014)

provision of plant nutrient

Bokaie et al. (2016)

Defence against flooding and damage from rainstorms

Carson et al. (2012)

Enhance runoff and hydrological processes Cascone (2019)
Enable metabolic cycles to occur. Deeb et al. (2018)
Erosion control Falkowski et al.(2000)
Reduce the effect of the urban heat island Lehmann (2006)

Host biodiversity Macias et al.(2010)

Decontamination (retention, phytoremediation and microbial

bioremediation)

Navarro-LeBlond et al.

(20210

Building energy conservation, acid rain prevention, sound
exposure reduction, and aesthetic value enhancement (rooftop

with Technosol)

Qi et al.(2024) ; Rees et
al. (2019)

Circular economy (use of wastes)

Rodriguez-Espinosa et

al.(2021)

To combat the consequences of climate change and attain

emission neutrality (carbon sink, low carbon footprint)

Rodriguez-Espinosa et

al. (2021)

Urban Health

Rodriguez-Espinosa et
al. (2021)

Challenges and Environmental Concerns

Additionally, Technosols pose managerial challenges:

e The possibility of heavy metal or hazardous material contamination

e Inadequate fertility and soil structure
e Inconsistent stability throughout the long run

e The requirement for ongoing observation

e Possible hazards to human health from urban agriculture
Therefore, before using them for food production or environmental restoration, careful
characterisation and management are crucial.
Future Perspectives in Urban Pedology
Technosols are becoming increasingly prevalent as urbanisation spreads quickly

throughout the world. Future urban pedology study will concentrate on:
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e Constructed soils with sustainable design

e Technologies for remediating soil

e Keeping an eye on the health of urban soil

e Improving ecosystem services and microbial diversity

e Integrating soil management in urban planning
Building resilient and ecologically sustainable cities will require an understanding of
Technosols.
Conclusion

Technosols are a novel class of soils that are predominantly formed by human activity

as opposed to natural processes. They represent the transformation of Earth’s surface in the
Anthropocene and emphasise growing significance of urban pedology in environmental
science. Technosols will be essential to the urban ecosystems' functioning, environmental
quality, and sustainable development as cities continue to grow. The future of urban
environments will depend on the identification and management of these man-made soils.
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