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From Pollution to Restoration: Phytoremediation Prospects for Indonesian Soils

IBTZE Bh¥  Christine D. A. P. Wiyono

Indonesia has experienced rapid industrial growth
in recent decades, particularly in mining, textile
production, and other manufacturing sectors (Fig 1).
While this growth supports the economy, it has also
led to severe environmental challenges. Inadequate
waste management limited public awareness, and
weak policy enforcement have contributed to
widespread heavy metal contamination. Toxic
elements such as arsenic (As), lead (Pb), cadmium
(Cd), iron (Fe), zinc (Zn), copper (Cu), cobalt (Co),
and chromium (Cr) are now frequently detected in
industrial and urban regions, posing risks to human
health, agriculture, and ecosystems.

Although contamination has been reported in
various areas, many studies have relied on outdated
analytical tools and inconsistent methods, making
their results unreliable or difficult to compare. More
importantly, there has been no government-led
nationwide survey to assess the full extent of heavy
metal pollution. According to Statistics Indonesia
report on September 2024, with 55.73% of
Indonesia’ s population living on Java Island
(156,927,800 out of 281,603,800), industrial
activity in this region is a dominant source of
contamination, highlighting the urgent need for
further assessment and remediation.

Remediation strategies are typically divided into
physicochemical and biological methods.
Physicochemical approaches such as soil washing,
immobilization, and extraction can remove
contaminants effectively, but they are expensive
and often damage soil fertility, making them
impractical for large areas. In contrast, biological
methods, particularly phytoremediation, provide a
cheaper and more sustainable alternative.
Phytoremediation uses plants to absorb and
accumulate heavy metals in their tissues, gradually
reducing contamination while maintaining soil
health.

In Indonesia, research on phytoremediation
remains limited. Between 2013 and 2020, only
eleven studies focused on this approach, most of
which were small in scale and short in duration.

Few examined the influence of soil properties and
environmental conditions on phytoremediation
outcomes, even though these factors play a critical
role in determining efficiency. As a result, there is
still no established outline for applying
phytoremediation to large-scale remediation projects
in the country.

This study aims to address these gaps by
compiling a comprehensive dataset on the physical
(soil type, grain size) and chemical (pH, elemental
composition, organic matter) characteristics of
contaminated soils in Java Island. Heavy metals of
concern include As, Cd, Zn, Pb, Cu, Fe, and Cr. By
linking soil characteristics with metal behavior and
plant uptake, the study will clarify how soil
conditions affect phytoremediation performance.

Beyond data collection, the research will also
develop optimized phytoremediation protocols suited
to different contamination scenarios. This includes
identifying effective hyperaccumulator plant species,
determining appropriate growth conditions, and
creating guidelines that can be applied in practice.
These protocols are intended not only to advance
scientific understanding of plant-soil-metal
interactions but also to provide practical strategies
for policymakers, environmental agencies, and local
communities.

This study represents the first region-wide, data-
driven approach to heavy metal phytoremediation in
Indonesia. By bridging the gap between laboratory
research and real-world application, it offers both
new scientific insights and practical solutions to
reduce soil contamination, improve agricultural
productivity, and support long-term environmental
sustainability.
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Figure 1 Urbanization level of Java Island from 2006 to
2019 (Pravitasari et al., 2024)
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