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ABSTRACT

The rapid development of electronic technology has resulted in

the annual phase-out of a large amount of waste electrical and
electronic equipment, known as “e-waste,” especially in developed
countries. In the context of economic globalization, the lack of
relevant environmental laws and policies in developing countries
and less developed countries, as well as cheap labor, has attracted
developed countries to export a large amount of domestic e-waste
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to these countries. The chemicals produced during the low-tech
dismantling process enter the air, soil, and deep groundwater,
contaminating drinking water and food, and eventually entering
the human body. Due to the inequality of economic and political
development, the countries and regions that generate the least
e-waste suffer the most. The most affected areas include, but are
not limited to, China, India, and Ghana. This paper studies the
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production, distribution, and movement of e-waste, and its unequal
distribution and disposal patterns of e-waste on a global scale. It
also analyzes the national and international recycling policies and
investigates the consequences of informal dismantling practices
on the economy, society, and environment. The conclusion of the
paper focuses on Guiyu, China as an example to draw landscape
intervention strategies from key landscape issues, specifically for
farmland, rivers and urban areas. These strategies are divided

into three distinct stages of recovery and development. From

the perspective of landscape intervention, this paper attempts to
provide research and intervention suggestions for the restoration of
ecology, health, and livelihood in global e-waste polluted areas.
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1 Introduction

Today, the rapid growth of electronic waste (“e-waste” hereafter)
has become a pressing environmental issue, posing potential threats
to human health and profound impacts on ecosystems!" (Fig. 1).
Over the past few decades, scholars have extensively researched

the impact of e-waste on the environment and human health.
E-waste often contains toxic substances such as lead (Pb), mercury
(Hg), cadmium (Cd), and brominated flame retardants (BFRs)"”,
Research by the United Nations Environment Programme indicates
that improper disposal of e-waste leads to the release of hazardous
chemicals, contaminating soil, water, and the atmosphere.
Furthermore, the unequal global e-waste disposal affects the
environmental fairness of different regions and social groups. A
report by the Basel Action Network reveals the disparities in global
e-waste disposal practices, with developing countries often being
targeted as dumping grounds for e-waste from developed nations'.

In the field of ecological restoration, scholars have begun to
address the ecological restoration issues in areas affected by e-waste.
Studies in Handbook of Electronic Waste Management™ extensively
discuss the application of phytoremediation at e-waste contaminated
sites, and phytoremediation is considered an attractive method
that can be used effectively for the remediation of trace metals
and organic contaminants in the field”. Peeranart Kiddee et al.
provided an overview of the toxic substances present in e-waste,
their potential impacts on the environment and human health, and
current management strategies being operated in certain countries.
Although developed countries have established several tools to
manage e-waste, there is still a huge knowledge gap on feasible
ecological restoration strategies for developing countries under the
global uneven e-waste treatment model.""

This study aims to fill this research gap by comprehensively
examining the unequal e-waste disposal pattern and landscape
intervention methods, thoroughly analyzing the impact of e-waste on
ecosystems, and proposing feasible ecological restoration strategies.
This research would provide a new perspective for the establishment
of a more sustainable e-waste management system for both theory
and practice.

1.1 What Is E-waste and E-waste Recycling Industry?

The consumption of electronic and electrical equipment is
intricately linked to global economic development, constituting an
integral facet of contemporary society and daily life. The widespread
availability and usage of these devices have facilitated higher living
standards for a significant portion of the world’s population'. The



E-waste is sorted and
disassembled in illegal family
workshops

Huge quantity of waste includes
a mixture of e-waste with other
pollutants

By

Outdoor playground in the polluted
air and bare soil environment
makes the children vulnerable to
toxic pollutants

Traditional disassembly uses river
water to clean e-waste, and the
sediment of the river is seriously
polluted

Toxic river water irrigates farmland,
threatening food production

Traditional e-waste incineration
process produces toxic gases,

and the residents living in such
communities pose a serious health
threat

Villagers are exposed to toxic water
bodies and use them as domestic

E-waste is deposited near the river
and toxic substances seep through

water the soil and runoff

E-waste is piled in streets and
occupies public spaces, affecting
the appearance of the community
environment

1. Using the photos shot in Guiyu Town, Guangdong Province, China to represent the most common but critical environmental problems caused by the illegal operation of e-waste
recycling. Most of illegal workshops at Guiyu were eliminated by the local government since 2015 (taken in October, 2015; source: Division of Landscape Architecture, The

University of Hong Kong).

confluence of rapid economic growth, escalating urbanization,
increased mobility, and heightened consumer demand has
precipitated a surge in the prevalence of electronic and electrical
devices!. E-waste, the waste of consumed electronic and electrical
equipment and its components, includes hazardous and valuable
materials. In 2019, a staggering 53.6 million tons of e-waste were
generated globally, and projections indicate that this figure will
increase to 74.7 million tons by 2030'°.

The imperative for e-waste recycling is underscored by the fact
that a mere 25% of e-waste is reclaimed in formal recycling facilities,
coupled with the necessity for adequate safeguards for the workforce
involved®™. Due to the substantial cost associated with the proper
dismantling and disposal of electronics, there is a prevalent practice
of shipping e-waste to developing countries for disassembly and
recycling”. An estimated 80% of e-waste generated in developed
nations is exported to other regions, transforming the cross-border
trade of e-waste recycling into a profitable industry for developing
countries''”. This highlights the need for a comprehensive and
sustainable approach to addressing the escalating challenges posed
by the burgeoning e-waste crisis.

1.2 Global E-waste Recycling Policies
The transboundary movement of e-waste is propelled by various

factors, including cost-effective labor, a substantial demand for
raw materials and the allure for smaller operators in developing
nations, lacking adequate pollution control tools and technology
to recover valuable materials from e-waste”. In response, as

of October 2019, approximately 78 countries worldwide have
implemented policies, laws or regulations aimed at dealing with
e-waste problems''"). As a notable global initiative addressing this
issue, the Basel Convention of 1989, which came into effect in
1992, places the responsibility on exporting nations to ensure that
hazardous wastes are managed in an environmentally sustainable
manner within the receiving countries. Of the 164 signatories, all
have endorsed the convention, with the exceptions of Afghanistan,
Haiti, and the USA"?.

Efforts at the national, regional, and global levels have led to
the establishment of policies, laws or regulations in each country
to control the proliferation of e-waste. Despite these measures, the
predicament still persists due to shortcomings in execution and
enforcement, as well as the vulnerabilities in the legislation[“].
The challenges to e-waste management underscore the need
for enhanced international cooperation, stringent enforcement
mechanisms, and continuous efforts to address the gaps in the
existing legal frameworks for a more effective and sustainable
management of e-waste on a global scale.
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1.3 Global E-waste Unequal Treatment Model Under the
Background of Economic Globalization

The management of e-waste presents a complex and uncertain
challenge, with diverse destinations and environmental impact
across regions'®. The global economy significantly drives the
export of e-waste to Asia"*. Advanced nations like the USA,
major contributors to e-waste production, export a substantial
economic and environmental burden through the inequitable and
environmentally hazardous trade®, posing formidable risks to
more vulnerable communities with toxic substance exposure and
environmental degradation'*.

In affluent nations with well-developed recycling
infrastructure, discarded products sometimes undergo
refurbishment and are often exported as second-hand goods
to lower- or middle-income nations. However, a significant
amount of e-waste is illicitly exported or concealed as reuse or
counterfeit scrap metal, constituting approximately 7% ~ 20%
of total e-waste production in cross-border transport'®. In less
developed countries, the underdeveloped or nonexistent e-waste
management infrastructure necessitates the reliance on informal
sectors, leading to subpar disposal conditions and severe health
consequences for workers and children in proximity to e-waste
management sites'®.

Nations most affected by e-waste include China, India, and
Ghana™®. China has banned the import of foreign waste, but
countries in Southeast Asia, Africa, and South America, with
weak infrastructure and limited health awareness, continue to
bear the burden of the e-waste dismantling industry. Africa has
a growing demand for information technology, but is limited in
manufacturing capacity. While there are many functional electronic
items donated in good faith, middlemen often fill containers
with non-functional waste, exacerbating the e-waste burden
for African importers!'®. Table 1 shows the global disparities
in e-waste management, resulting in unequal global e-waste
treatment patterns'®. These complexities emphasize the urgent
need for comprehensive international cooperation, strengthened
regulations, and sustainable management practices to address the
multifaceted challenges posed by the global e-waste issue.

2 Considerable Economic Benefits Brought by the
E-waste Recycling Industry

E-waste encompasses valuable and recyclable components,
including precious metals and plastics, making e-waste recycling
an economically attractive venture. The estimated cost of
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extracting and purifying copper (Cu) and gold (Au) from e-waste
is significantly below the global market prices for these metals on
commodity exchange'”.

China has emerged as a leader in e-waste recycling, with 70%
of the global e-waste recycled—equivalent to 28 million tons
annually, including 5.6 million tons of copper'”.. This amount is
significant, constituting 19% of China’s existing copper reserves
and over tenfold the copper it imported in 2009'"”. Notably, the
gold reclaimed from e-waste in Guiyu, Guangdong Province,
amounts to 5% of China’s annual gold production and impacts the
global gold price™*.

Beyond environmental benefits, e-waste recycling has played
a crucial role in the industrial development of rural China, acting
as a pivotal revenue source for local governments and residents.
Additionally, it has created employment opportunities for local
non-skilled individuals and migrants, contributing to the economic
growth of these regions'’.

Conversely, a survey of e-waste laborers in Ghana revealed
people’s dissatisfaction with working conditions"®. Despite
discontent, the e-waste industry remains a vital source of income
and financial support for families and the allure of rapid financial
gains continues to attract informal workers, highlighting the
complex dynamics at play in balancing economic opportunities

with the challenges posed by the conditions of e-waste labor!*®.,

3 Adverse Effects of E-waste Dismantling Process on
Human Health

3.1 Traditional Recycling Mode of E-waste

The term “recycling” may not accurately describe the prevalent
e-waste disposal methods, as landfill and incineration are the most
common methods™. Referring to e-waste recycling, particularly
in less developed countries that are primary importers, it entails
manual dismantling, cleaning with hazardous solvents, and

incineration'®”

. While this procedure effectively retrieves valuable
components, it falls short in mitigating the related hazards, and
inadequate recycling operations can lead to additional hazards.
The majority of e-waste ultimately ends up in landfills,
where substantial volumes are directly disposed of without any
fundamental pretreatment, leading to landfill leakage*"'*?. The
release of noxious substances will further result in groundwater
contamination and inflict severe harm on ecosystems'*”. Another
significant approach is incineration, which is commonly utilized
for the disposal of the remaining e-waste once all the valuable

materials have been recovered!**.



Table 1: E-waste disposal policies in different regions of the world in 2019

Region E-waste status Legislation E-waste management system
Generated To be Number of countries
collected with national e-waste
and properly legislation, policy or
recycled regulation in place
Africa 2.9 million 0.03 million 13 Most African countries still lack In most African countries, e-waste
tons, 2.5 kg per tons (counting specific legislation on e-waste management is led by informal collectors or
capita for 0.9 %) management recyclers; no organized recycling systems
or licensing requirements for sorting and
dismantling e-waste; government control is
minimal and inefficient
Americas 13.1 million 1.2 million 10 Across the Americas, the lack of Regulatory pressures elevate the
tons, 13.3 kg tons (counting regulatory harmonization is evident, significance of structured collection
per capita for 9.4 %) with differences in approach, systems, alongside the growth in individual
jurisdictional level, definition, and collective compliance initiatives
stakeholder engagement, role
allocation, and e-waste category
Asia 24.9 million 2.9 million 17 Specific legislation has been It covers a wide range of activities from
tons, 5.6 kg per tons (counting implemented in India, parts of highly advanced countries such as Republic
capita for 11.7 %) Southeast Asia, and East of Korea and Japan to co-existence of
Asian countries such as China, informal activities with advanced recycling
Japan, and Republic of Korea, while systems in China to predominantly informal
legislation in West and Central Asia sector activities in Southeast Asia
has lagged behind
Europe 12.0 million 5.1 million 37 In Europe, most e-waste The EU has a well-developed e-waste
tons, 16.2 kg tons (counting management follows the WEEE management infrastructure, while
per capita for 42.5 %) (Waste from Electrical and Electronic ~ meeting higher collection targets remains
Equipment) Directive, which is a challenge; formal recycling rates in
implemented in the EU and Norway, Northern and Western Europe are already
and several other countries have among the highest in the world, while
similar laws that set targets for e-waste management infrastructures in
the collection, recycling, reuse and Eastern Europe and the Balkans are still
recovery of e-waste developing
Oceania 0.7 million tons, 0.06 million 1 Australia's National TV and Australia has made significant progress
16.1 kg per tons (counting Computer Recycling Program, with its national TV and computer recycling
capita for 8.8 %) implemented through the Product program; Victoria has introduced an e-waste
Management Act 2011, provides ban, while New Zealand and Pacific Island
industry-funded recycling services countries are still exploring effective
for residents and small businesses, e-waste management solutions
with a target of 80% of TV and
computers to be recycled by 2027
NOTE

The information presented in this table is sourced from Ref. [7].
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3.2 The Movement of Hazardous Substances in Communities
and Landscapes

This study uses plastics in e-waste components as an example to
show how contaminants flow through communities and landscapes
(Fig. 2). E-waste dumps are often stored in backyards'** and public
spaces without any protective measures'*. After completing
demolition, a substantial volume of materials without further
recycling value would be disposed of or openly incinerated near
rivers'"*. Runoff transports heavy metals and various chemicals
into soil and water, leading to groundwater contamination'**,
Furthermore, farmland is irrigated with contaminated water,
yielding food that is unsafe for consumption. Plastic parts are
melted and regenerated into plastic particles, but the process will
produce a large amount of smoke, aggravating air pollution. Metals
and chemicals entering the air would return to the land via rain.

VOLUME 12/ ISSUE 1/ FEBRUARY 2024

3.3 The Threats of E-waste Disassembly to Human Health

The release of numerous hazardous pollutants during the e-waste
disposal process poses a significant menace to both environmental
well-being and human health. E-waste disassembly and disposal
workers are not the sole individuals exposed to pollutants; the
public is also impacted through environmental exposures™. Due
to air, water, and soil pollution, more and more people are suffering
from the illegal dismantling of e-waste. Heavy metals and organic
compounds generated during the process can enter the human body
through ingestion, inhalation, and skin contact, causing a variety of
damage or interference to the intracranial, respiratory, reproductive,
nervous, and endocrine systems”®.,

Considering the distinctive manner in which children engage
with their surroundings and their dynamic behaviors, they may
be exposed to higher doses of toxic substances than adults"””.. The

2. Take the
dismantling
process of the
plastic part of
e-waste as an
example to display
the flow of toxic
substances in the
landscape and
community.
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employment of children in the e-waste recycling industry makes

them more vulnerable!®.

4 The Socio-economic Disparity Caused by Traditional
Disassembly Methods

The unequal treatment of e-waste has exacerbated socio-
economic disparity. Firstly, the rise of e-waste disposal businesses
has resulted in labor market inequality. Typically, the related jobs
involve low-skilled yet high-risk tasks, and are often undertaken
by socially marginalized or low-income groups, intensifying their
economic challenges™.

Secondly, the processing of e-waste contributes to environmental
inequality. The economically disadvantaged communities that
working with e-wastes face exacerbated environmental problems for
lacking the capacity to resist the impact of environmental pollution,
leading to intensified socio-economic disparities®. Additionally,
these regions accepting the disposals may be reliant more on this
industry, losing economic diversification”®. Any disruptions to this
industry, such as regulatory changes or market fluctuations, could
have a more significant impact on the economy of these areas.

Implementing equitable practices in managing e-waste
faces various challenges in technology, economy, and society.
Technologically, there is a deficiency in technical expertise and
infrastructure. economically, the financial resources available are
often lacking; while socially, there is an absence of robust community
engagement””. To tackle these issues effectively, it necessitates
global collaboration, financial incentives to safeguard workers, and
strategies that reduce negative effects on both environmental and

human health®®”,

5 Design Strategies—Taking Guiyu as an Example

5.1 Study Area

The globally unequal disposal treatment of e-waste has caused
some areas to become the “terminal stations” for e-waste. Some
regions may suffer from the negative impact due to shouldering
excessive responsibilities for e-waste disposal, while others may
benefit from the processing and recycling of e-waste. This unequal
treatment is not just an issue of environmental justice but also
involves global social responsibility and principles of sustainable
development.

In response, landscape intervention measures become a crucial
means. By implementing appropriate landscape design, plant
restoration, and soil remediation strategies in areas affected by e-waste,

ecosystem recovery and community sustainability can be promoted.

Guiyu, the study site for this research, covering an area of
52.4 km?, is known as the “World’s E-waste Terminal” and a glaring
example of disparity and unregulated practices in the global trade
of e-waste™". Since the mid-1990s, Guiyu has been recycling over a
million tons of e-waste annually, with over 150,000 tons of plastics
and over 200,000 tons of heavy metals recovered. At the peak, up to
80% of households in Guiyu were involved in this industry, making
recycling the mainstay of the local economy®?.

The land use types of Guiyu Town mainly include farmland,
rivers, and urban construction areas. A study published in 2016
measured the concentrations of multiple organic pollutants in 23
farmland soil samples and 10 river sediment samples in Guiyu
indicates that the total concentration of PAHs (Polycyclic Aromatic
Hydrocarbons) in soil was 56 ~ 567 ng/g, while in sediments, the
total PAH concentration was 181 ~ 3,034 ng/g. This suggests that
soil contamination levels are relatively low, whereas sediment
contamination levels are higher®®, which might cause carcinogenic
risks to the groundwater system, threatening the health of the locals
and the environment. By focusing on the Guiyu case, this study
attempts to demonstrate the landscape intervention measures for
the restoration of e-waste dismantling site.

5.2 Phased Implementation Plans at Different Levels of Ecology,
Food, Community, and Income

As a result of the prolonged build-up of pollution, even if Guiyu
has initiated or intends to regulate e-waste dismantling procedures
and to manage pollution sources in the future, the site will continue
to bear the burden of existing residual pollution. For this reason,
the process of restoration must unfold incrementally, progressively
bolstering ecological resilience, and it should be structured with
varying objectives for each phase (Fig. 3).

In the first stage, the main objective is contamination remediation
and ensuring the availability of healthy food to sustain daily life
and safeguard basic health. The second stage aims to rejuvenate the
ecological resilience of the site. During the third phase, the site will
undergo transformation, lead to the creation of a new landscape
and a more robust industrial structure that will facilitate healthy
and sustainable development in the future. E-waste recycling sites
in different zones will build up well-established business networks
over time and should keep evolving. After all, it will become the main
source of income for the locals and support their lives.

5.2.1 Phase I: Pollution Remediation
The first stage takes the first three years. Some of the less
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polluted farmland soil can

be repaired first, while cleaning up specific hyper-accumulators that absorb pollutants such as heavy

the remaining waste in the river. Some of the restored soil will metals. After that, healthy food can be produced on the farmland,

be transplanted into roofs
provide edible food in the

or planting ponds to temporarily and the treated rainwater can be incorporated into the domestic
form of rooftop farms, and some green water supply for every household. Because the most direct

infrastructure construction will be initiated in the countryside stacking site of e-waste is located in urban public spaces and family

for sewage purification an
stormwater management.

d in urban construction areas for workshops, and the pollution spreads to rivers and farmland with
runoff, the accumulation of pollution in urban construction areas
over the years may be more serious than that in farmland, and the

5.2.2 Phase II: Ecological Resilience Recovery soil repair in these areas will take a longer period of time. Some
In the second stage, from the third to the sixth year, most of temporary public spaces isolated from the polluted soil can be
the remaining farmland and rivers are repaired by the planting of designed and built first to meet the needs of daily life.

3. The three phases of ecological

o Soil

Ecology
—® \Water

—® | andscape

Farmland
Food

Urban farm

Stormwater
management

—® Flood defense
Community

Outdoor
activity

Population
recovery

Economic crops/

husbandry/fishery
Economy

Industrial

upgrading
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and livelihood restoration are combined into four perspectives: ecology, food, community, and economy.

Phase I Phase II
Pollution remediation Ecological resilience
recovery

Period/timeline | }

0 1 2 3 4 5 6 7 8 9 10

Chemical treatment —e years
Adsorption of heavy metals by hyper- _

enriched crops s

Adsorption of heavy metals by hyper-enriched _

landscape plants -

[: Trash removal and silt cleaning —o
Aquatic plant purification ®

—® A stable and pleasant landscape becomes mature

E Farmland can grow healthy food

Fish ponds and cattle breeding

Soil is transplanted to the roofs or planters to
provide food temporarily

Chicken and duck breeding

Storm water management and pollution
purification in low-lying areas

—® Ecological revetment

—® Construction of permanent public space

—® Population leaving the village due to environmental and economic problems return

—® Sales of crops and meat

—® Metal and plastics reprocessing
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5.2.3 Phase III: Increased Biodiversity and Economic Development

The third stage, from the sixth to the tenth year, the ecological
restoration has been completed, and the environment of the site has
turned into a new landscape. Residents can also begin to increase
their income through the development of agriculture, animal
husbandry, and fishing. Other materials recovered from e-waste
can be used in building public facilities after restoration. Residents
who were once displaced due to environmental issues might also
be relocated back. Simultaneously, the metal and plastic processing
sector of e-waste is growing in maturity and could emerge as a key
economic driver for the area.

6 Design Intervention for the Three Land-use Types
of the Study Area

Depending on where the e-waste is stacked and the space
it will indirectly impact, the conceptualized design strategies
integrate the three land use types of the site: farmland, river,
and urban construction area. From the perspective of landscape
intervention, these three land use types can be combined with five
concepts: ecological restoration, flood management, stormwater
purification, spatial programs, and livelihood income (Fig. 4).
These five concepts are integrated to form a comprehensive system

4. Landscape intervention strategies for farmlands, rivers, and urban construction areas of the study site. The dashed lines indicate the connections between the interventions.

—
g
\@ \/‘/ N
Chemical Cultivation of heavy- Flood Bio- Viewing Agriculture
treatment metal-adsorption crops storage drainage deck income
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Fish pond
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Pocket garden
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\
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:
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1
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:
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055

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

# © Minhui Lu, Yunfei Xu, Bin Jiang



aimed at addressing the environmental and social issues stemming Stage 0
. L Existing condition - Hg, Pb, Cu, Cd
from the global unequal treatment of e-waste. Soil remediation and ’
Monotonous crops

Toxic rice

water purification intersect, utilizing plant-based and microbial
remediation to not only enhance soil quality but also alleviate water
pollution. Rainwater management synergizes with soil remediation,
reducing runoff, contributing to soil erosion mitigation and promoting
soil restoration. The redesign of public spaces enhances water
purification, as well as urban green spaces and cultural landscapes.

Intercropping with
Stage 1 hyper-accumulator
Heavy metal adsorption

Simultaneously, livelihood income, brought by e-waste management
projects, fosters local community engagement in the maintenance
and improvement of public spaces. These five concepts collectively /
harness the interrelationships and synergies of the land use system to
achieve comprehensive management of e-waste disposal.

In terms of soil remediation, agricultural areas comprising rice
fields and fish ponds employ soil amendments such as calcareous

[34]

materials to improve the soil’s pH condition”" and rotating hyper-

accumulators to lower pollution levels”®®, Additionally, straw can be

St 2 i iti
361 age + Soil conditioner

- i . 1
Low aCCL.Jmu.latlon Low-accumulation crops for !
crop cultivation

specific pollutants

repurposed into biochar materials to facilitate soil remediation

Contaminated fish ponds are treated with aquatic plants, and
dike-pond agriculture is developed for sustainable resource
circulation®®®, Residents engage in rooftop farming during soil
restoration. Water purification focuses on eliminating pollution
sources into rivers, including e-waste, domestic sewage, and garbage.
Main channels and secondary tributaries undergo purification

+ Dike-pond
Stage 3 agriculture

Stable agricultural
ecosystems

through sediment removal, wetland ponds, and the adsorption by
aquatic plants[39]. Stormwater management involves soft revetments
in low-lying areas and the repurposing of rainwater through green
infrastructure in urban development areas. Public spaces incorporate

0 \with tailored

plants with adsorption capacity for heavy metals
spatial designs for various land use types. Combining the income
from formal e-waste dismantling industry with the economic benefits

derived from the cultivation, harvesting, and incineration of hyper-
Picking plants

accumulator plants to reclaim heavy metals” can aid in providing

Agricultural
livelihood income during ecological restoration. tourism
Stage 4 Flowering plants -+ lLeisure
Agricultural Sightseeing tourism _infrastructure

tourism

The farmland soil pollution spans a wide area, presenting a
complex situation. The restoration of farmland can be divided into
four steps (Fig. 5), and each step has a specific plant species selection
(Fig. 6).

The first step involves the adsorption and treatment of existing

6.1 Design Intervention for Farmland :

pollutants. The primary task is to improve the soil’s pH environment.

<1 © Minhui Lu, Yunfei Xu, Bin Jiang

Studies have shown that the bioavailability of heavy metals in soil is
negatively correlated with soil pH. Increasing pH helps reduce the
toxicity of heavy metals in the soil and promotes plant growth."*" 5. The phased intervention strategies for farmland.
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6.

After that, specific hyper-accumulators are selected to absorb heavy
metals. Subsequent treatments include harvesting the aboveground
parts of the plants to extract heavy metals or ferment plant residues
into ethanol, creating economic benefits. Despite the relatively long
restoration period, this step is environmental friendly and cost-

Period

Jan Feb

Winter cultivation

Mar  Apr

Dry cultivation
May

Jun Jul

Wet cultivation

Aug  Sep Oct Nov  Dec

Stage 0

Oryza sativa

Oryza sativa

Stage 1

Intercropping and crop rotation

Hyper-accumulator plants

22 Oryza sativa
¢+ » 11 Zea mays

! Helianthus annuus

u Oryza sativa

. K Sorghum bicolor
ns

w , 1 Zea mays

[aV .

1 Helianthus annuus
[TANRY
" M Brassica napus
\

W
Wy B Sonchus asper

' > W Sedum alfredii

\
v W Solanum nigrum

Stage 2

Low-accumulator crops

B Oryza sativa

B Zea mays

B Brassica rapa

B Solanum tuberosum

B Capsicum annuum

B Lycopersicon esculentum

Stage 3

Plant selection for different
restoration stages in
farmland. The arrows

Crop rotation

Green manure plants

» 1 Oryza sativa
’

i
Y

\ ..
LW Astragalus sinicus

2 Oryza sativa

B Musa nana
B Saccharum officinarum

— — — — -

indicate the most beneficial
planting patterns between
different plants, the solid
lines indicate the growth
periods of plants, and the
dashed lines shows the
harvest or flowering period
of the plant.

Stage 4

Picking

Leisure sightseeing

Oryza sativa
Zea mays
B Helianthus annuus

B Brassica napus

effective’® (Fig. 7).

During the second step, when most heavy metals have been

sustain the food sources

[34]

eliminated, the introduction of soil amendments such as straw aims
to decrease the uptake of heavy metals by crops. In the process,
cultivating crops with lower adsorption of heavy metals that are
suitable for the soil conditions will help local residents partially

In the third step, once the soil meets the required standards

057

for planting, a crop rotation system involving green manure is
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Manual guides planting of heavy-
metal-accumulation crops

Children receive field Experts i”5P?Ct
education about heavy farmland restoration :
metal pollution b

Trained farmer tests

Green manure is harvested B
leaves of and returned to the field, napus
Leguminous followed by rice rotation
| plants can be
‘used as a feed

7
D|ke—p.ond agriculture r.node ff)r Sightse
- s|zecological awareness circulation

king tourism development

Uncontaminate

introduced, along with the development of dike-pond agriculture.
This encourages beneficial material cycles between crops, gradually
restoring soil vitality. Furthermore, this step promotes the
development of fisheries and animal husbandry (Fig. 8).

Lastly, the incorporating leisure infrastructure facilitates the
development of agricultural tourism, including sightseeing and
harvesting. This involves the introduction of crop varieties suitable
for local cultivation, with short growth cycles and aesthetic appeal.
The integration of agricultural production, tourism, education, and
experiential activities within the farmland landscape seamlessly
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Astragalus
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sinicus

The mixed cropping
pattern of green manure
can improve soil ¢ r

farmland
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7. Removal of organic pollutants from farmland by
hyper-accumulator plants.

8. Plant green manure to restore soil vitality in
farmland after pollution remediation.

9. Balanced development of farmland ecology and
tourism.

~ © Minhui Lu, Yunfei Xu, Bin Jiang

blends it into the urban ecological environment, creating significant
tourism opportunities for the local community (Fig. 9).

6.2 Design Intervention for River

The river restoration process can be divided into three steps
to mitigate pollution and enhance biodiversity (Fig. 10). The
first step involves the dredging and the construction of natural
embankments. Dredged sediment can be purified*" and used for
rooftop agriculture and embankment restoration. Subsequently,
a variety of wetland purification methods are employed for



Stage 0 Polluted tributaries merge
Existing into the main stream
condition  expanding the pollution area

Hard

revetment
Contaminated

bottom mud
Low biodiversit

Treated silt is used
for revetment
constructionﬁ

Stage 1
Silt cleaning and
terrain construction

Convert to
wetlands

Activity
spaces in the

Stage 2 waterfront are

Contaminant . still unfeasible
I Multi-storey

purification

purification wetland

Riverside
platform

Wildlife
habitat

Wooden

Stage 3 trail

Restoration of ecosystem
self-purification capacity

© Minhui Lu, Yunfei Xu, Bin Jiang
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remediation. Gradually, the biodiversity of the river can be improved
and the ecosystem can be stabilized, allowing people to interact with
the water and get engaged in various activities around the riverfront.

Urban wastewater initially goes through pretreatment tanks,
consisting of a grid, a sand settling tank, a settling tank, and a
stabilization tank to reduce the suspended matters in sewage'*”. After
the pretreatment, the wastewater enters the surface flow constructed
wetland, where sewage is purified by biofilms on the stems of aquatic
plants. Then, the pre-purified water enters the subsurface flow
wetland, and the pollutants are removed by the biofilm growing on
the surface of the substrate, the abundant plant roots, and the
interception of the substrate. The purified water eventually flows
into the main river, ensuring the stable water quality of the river*”
(Fig. 11).

The selection of aquatic plants is of paramount importance,
especially in environments with high concentrations of various
pollutants. The selected plants must adapt well to local ecological
conditions, possess strong soil adaptability, and can effectively
remove contaminants from the surrounding environment. According
to the local soil and climate conditions, as well as the varying water
depths and degrees of pollution in different areas, appropriate
submergent plants, floating plants, emerging aquatic plants, as well
as aquatic trees should be chosen!*’! (Table 2).

6.3 Design Intervention for Urban Construction Areas

In urban construction areas, existing urban green spaces have
been abandoned and polluted, and most roads are covered with hard
surfaces, while rivers remain untreated. Runoff carries the major
source of pollution, causing significant contamination in both the
river systems and farmlands. The current systems make runoff swiftly

9

10. The phased intervention
strategies for river.

11. A multi-system revetment
purification mode for river.

= © Minhui Lu, Yunfei Xu, Bin Jian
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Table 2: Aquatic plant selection list

Type Latin name Absorbed Suitable water Plant traits
chemicals depth and planting requirements
Submerged Ceratophyllum demersum Cu, Zn, Pb 0.3~6m Open water
plants Growth has high water quality requirements,
Potamogeton distinctus Cu, Zn, Pb and can only be used as the strengthened
stable plant in the constructed wetland system
Myriophyllum verticillatum Cu, Zn, Cd, Pb
Floating plants Lemna minor Mn, Fe, Zn 0.15~5m Open water
Strong vitality, good adaptability to the
Eichhornia crassipes PAHs environment, developed roots; large biomass
and rapid growth
Leersia hexandra Cr, Ni, Cu, Zn
Deep-rooted Iris tectorum Cu, Cd, Pb 0~15m Pretreatment pond/subsurface flow wetland/
emergent cascade wetland
plants Typha orientalis Mn Suitable for planting in the subsurface flow
constructed wetland
Lythrum salicaria Zn, Cd, Hg
Shallow-rooted Phragmites australis Cd, Pb 0~15m Surface flow wetland/cascade wetland
emergent The root system is shallow and generally grows
plants Canna indica Cd, Pb in soil, which is suitable for the surface flow
constructed wetland
Sagittaria trifolia var. sinensis Pb
Aquatic trees Metasequoia glyptostroboides Cu, Cd, Pb Higher than normal water level Island
Generally, plants that are found in the local or
Taxodium distichum Mn, Cu Higher than normal water level natural wetlands within the study area can be
selected
Glyptostrobus pensilis Cu, Cd, Pb Higher than normal water level

NOTE

The information presented in this table is sourced from Ref. [43].

flow over the ground without adequate filtration and purification.

Therefore, it is crucial to establish multiple green buffer zones

along streets and waterfront areas to purify runoff (Fig. 12).

The primary green infrastructure suitable for the site

includes rain gardens, eco-friendly tree boxes, grassed eco-

terraces, pervious pavements, and riparian buffers** (Table 3).

Additionally, hyper-accumulator plants will be employed to absorb

pollutants. During this process, rooftop farms can efficiently

utilize the vertical spaces of buildings to grow vegetables. Finally,

residents will have the opportunity to experience the restored

land by themselves in the public space.

Sunken green spaces not only filter pollutants and temporarily
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store rainwater during peak downpours, but also provide

residents with gathering and recreational places. During heavy

rainfall seasons, these sunken green areas can serve as temporary

reservoirs, within which the wetland vegetation can purify the

contaminants flowing over the ground. Ecological grassed terraces

also offer a diverse range of activity spaces for local residents,

fostering social interaction and community engagement (Fig. 13).

7 Conclusions

A major challenge in this research is mitigating the enduring

exposure risk of pollutants from e-waste recycling activities
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Stage 0
Existing
condition

Hard canal
boundary

Hard asphalt
Abandoned and
polluted green
spaces

Stage 1

Pollution

remediation and Buffer
roof farms revetment

Roof farm

Sunken
purification
reen space
9 VP

Bioswale

Stage 2
Construction of public
spaces

Purified river
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12. The phased intervention strategies for urban construction area.

to communities and landscapes. The e-waste problem has been
growing in recent years. Even the illegal demolition activities have
been banned, certain hazardous elements persist in deep and
invisible environment and have the potential to accumulate within
various organisms, including plants and animals. Community
members may suffer from the prolonged impact from lingering
chemicals in soil, water, and food resources. As e-waste recycling
practice continues to improve across countries and regions, it is
of utmost importance to address historical pollution and ensure a
safer means of earning a livelihood through e-waste recycling.

Another key challenge of this study lies in balancing the health
problems of informal workers and relevant residents against the
potential income from e-waste dismantling industry. Many workers
in informal e-waste recycling prioritize the immediate provision
for their families over the potential long-term health consequences
of e-waste exposure. So the design intervention should be both
beneficial and sustainable. How to design and provide communities
with ways to generate economic benefits from other formal sources
of income also needs to be considered.

From the perspective of spatial interventions for the land
use types of farmland, river, and urban construction area, this
article provides design interventions for ecological restoration,
health recovery, and livelihood improvement in e-waste polluted
areas around the world. This not only mitigates the negative
environmental impacts of e-waste, but also provides a healthier
and a better living environment for local communities. This study
enhances our understanding of the interconnections between global
e-waste flow, unequal emissions, and landscape interventions,
contributing to comprehensive solutions for more just and
sustainable e-waste management.

Table 3: Green infrastructure types in urban construction areas

Spatial Plan Section Green infrastructure Function Optional plant
Type type species
Riparian Riparian buffer At a width of 10 ~ 30 m, 50% ~ 80% Canna Indica, Lythrum
buffer  Canal of rainwater pollutants can be filtered  Salicaria, Metasequoia
Canal Bioswale Glyptostroboides, Nerium

0 10 20 30 40 50m

Bioswale

Strong biological purification Oleander; Salix Babylonica,

Vinca major
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(Continued)

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



Table 3: Green infrastructure types in urban construction areas (Continued)

Spatial Plan Section Green infrastructure Function Optional plant
Type type species
Tree box Planting soil stores Ficus concinna, Iris
natural water and absorbs Tectorum, Scirpus
Grassed Grassed rainwater for plant growth Validus, Typha Orientalis
eco- Sunken green eco-
Sunken _ terrace space terrace Filter strip Filter large particles of
rain Tree box Tree box sediment in the water and
garden é e »n $ slow the water flow
0 102030 40 50 0m Rain garden Absorb rainwater from
the building and purify
it through the combined
action of plant roots, soil
and microorganisms
Tree box Filter media and plant roots
adsorb and decompose
Tree Rain Tree pollutants in street runoff Canna indica, Cosmos
box, garden box, Bipinnatus, Salix
Road P;z:sss ‘, P;;;ﬁgs % Rain garden Absorb and purify street Matsudana, Typha
g dzh 2 runoff Orientalis
Pervious Filter and preliminarily
Paving purify rainwater
NOTE
The information presented in this table is sourced from Ref. [40].
13. Sunken green spaces for rainwater and runoff purification can serve as community gathering places. ACKNOWLEDGEMENTS
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