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ABSTRACT

In developing countries, remedi-
ation projects are predominantly
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straints derived from the history
of legacy pollution and informal
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tiple stakeholders and suffer from inexperienced facilitation and inaccurately applied
engagement methodologies. This literature review critically examines remedial projects
in developing countries. Particular attention is given to remedial challenges specific to
working in developing countries and current state of the practice of clean-up initiatives.
It provides recommendations for enhancing existing remedial efforts by developing
robust stakeholder participation efforts throughout the remedial process.
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Introduction

In 2010, lead contamination from artisanal and small-scale gold mining
(ASGM) killed over 400 children in six months and exposed over 17,000
people to lead poisoning in northern Nigeria (Agence France-Presse, 2010;
Tirima et al., 2016). Public attention to this epidemic spawned both med-
ical and clean-up assistance for the impacted communities, resulting in a
massive remedial effort to reduce ongoing lead exposures and develop
Nigeria’s capacity to prevent future catastrophes. Clean-up and capacity
building efforts included lead removal, clean soil replacement, institutional
controls, and health advocacy campaigns from various non-governmental
organizations (NGOs) and government agencies worldwide (Tirima et al.,
2016). Nigeria’s 2010 lead poisoning crisis is far from the only example of
the risks posed to human health and the environment due to pollution and
contamination worldwide, much of which targets people in developing
communities. In fact, in 2016, pollution-related diseases were the cause of
premature death for over nine-million people in the world (World Health
Organization, 2018). Of these nine-million deaths, approximately seven-
million people died from exposure to indoor and outdoor air pollution,
and an additional two million died due to a combination of unsafe drink-
ing water, sanitation practices, and unintentional poisonings: the result of
exposure to hazardous chemicals and environmental contamination (World
Health Organization, 2018). These high mortality rates prompted the cre-
ation of one of the World Health Organization’s Sustainable Development
Goals to substantially reduce “the number of deaths and illnesses from haz-
ardous chemicals and air, water, and soil pollution and contamination by
2030” (World Health Organization, 2018).

Ninety-two percent of pollution related mortality occurs in low- and
middle-income countries, threatening poor communities around the world
(Hardoy et al., 2001; Landrigan et al., 2018). This is due, in part, to unsafe
work practices, technological barriers (Evans & Kantrowitz, 2002; Lupi &
Hoa-Nghiem, 2015), socioeconomic tradeoffs (Atash, 2007; Bartrem et al.,
2014; Evans & Kantrowitz, 2002; Hilson, 2002; Raza et al., 2017), political
instability (Bartrem et al., 2014), poor appropriation of funds (Atash, 2007;
Lupi & Hoa-Nghiem, 2015; Miiezzinoglu, 2003), and insufficient capacity
for regulation and supervision from government and local institutions
(Atash, 2007; Beckers & Rinklebe, 2017; Lupi & Hoa-Nghiem, 2015;
Miiezzinoglu, 2003; Tirima et al., 2016). Vulnerabilities created by these
factors ultimately result in disproportionate exposure to contamination
(Evans & Kantrowitz, 2002; Raza et al., 2017). Thus, there is an urgent
need to implement strategies to both prevent and clean-up contamination
in these regions.
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Remediation, the removal of hazardous contaminants from soil,
groundwater, sediment, and surface water, provides an opportunity to
reduce pollution and, thereby, pollution-related deaths (Landrigan et al.,
2018; World Health Organization, 2018). Although remedial efforts
have occurred in developing communities, such as the clean-up of lead
contamination in Nigeria in 2010, most efforts have been confined to
developed communities due to the difficulty in overcoming the above-
mentioned barriers (e.g., social, economic, etc.). Efforts specifically
focused on developing communities have often been poorly documented
or communicated. Published literature has largely focused on improving
remedial technologies and strategies (Garelick et al.,, 2005; Li, 2010; Li
et al., 2012; Phillips, 2009) rather than examining the implementation of
these strategies within the communities themselves (Erakhrumen, 2011).
Additionally, little analysis has been performed in an effort to synthesize
our understanding of context-specific issues that may differ from projects
in industrialized nations.

Previous studies on other environmental projects in developing com-
munities, such as water treatment, highlight the importance of stakeholder
engagement and participation to a project (Luyet et al.,, 2012; Reed, 2008).
As demonstrated by Reed (2008), stakeholder engagement and participation
fosters solutions that can be adapted to a local sociocultural context.
Additionally, stakeholder engagement can uncover health and environmen-
tal information that may not be immediately evident from traditional tech-
niques of environmental sampling and field testing by integrating local
knowledge with technical knowledge. For remediation projects, specifically,
this knowledge blending can reveal existing contamination and priorities to
local community members, whose context-dependent knowledge results
from collective experience, often derived through observation (Reed, 2008).
In other words, community members can be important sources of informa-
tion in remediation projects. In this paper, we distinguish between stake-
holder engagement and stakeholder participation, following the definition
of participation from The World Bank. Stakeholder participation is a
“process through which stakeholders influence and share control over
development [in this case, remediation] initiatives and the decision and
resources which affect them” (Luyet et al, 2012; World Bank, 1996). By
comparison, stakeholder engagement represents a broader collection of
activities that encompasses stakeholder participation, but also includes
activities such as consultation and active listening whereby stakeholders do
not necessarily influence decisions. Rather, these activities provide informa-
tion to decision-makers. These nonparticipation activities are important ini-
tial steps in a project that can lead to stakeholder participation. However,
because actual stakeholder participation results in greater ownership and
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sustainability of projects (World Bank, 1996), it is worth distinguishing
from broader stakeholder engagement efforts.

The purpose of this work is to understand both the barriers and oppor-
tunities of environmental remediation projects performed within the social,
economic, and political context of developing communities. Results can be
used as both a reference for remediation practitioners working in develop-
ing communities and a roadmap for future efforts. After a brief explanation
of the methods used in this review, we classify previous efforts by contam-
inant, industry practice, project cost, and remedial strategy. The results of
this classification expose a need to analyze stakeholder engagement and
participation within the remediation projects. In addition to environmental
remediation, findings can be applied to other intervention efforts in devel-
oping countries, particularly those that require behavior changes from com-
munity members and local acceptance of project activities.

Methods

Environmental remediation efforts (hereafter referred to as remediation
projects) in developing countries are often conducted by national govern-
ments, sometimes in collaboration with local authorities and NGOs.
Information on these projects is typically reported in unpublished reports
or project webpages, and little to no information is available in the form of
peer-reviewed literature. Consequently, this review combines both peer-
reviewed literature and gray literature in the form of websites and unpub-
lished reports from NGOs or government authorities. For a clean-up effort
to be included in this review, a formal document, either in the form of a
project report, article, working paper, or a summary web page must
be available.

This review targets implemented remediation projects in developing com-
munities. Therefore, the review excludes studies involving the following:

1. preventive strategies for pollution, instead of remedial processes for
existing contamination;

2. policy and governmental capacity building;

3. existing and emerging remedial technologies but do not address prac-
tical applications within a developing country context;

4. a project location exclusively in China.

Because there are several literature reviews focused specifically on remed-
ial efforts within China, we excluded projects located in China alone from
this review (Li et al,, 2017; Sun et al, 2018; Tang et al., 2016; Xie & Li
2010). These reviews concluded that policy improvements in China can
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enhance existing contaminated site management efforts, such as remediation,
as well as greater inclusion of stakeholders and the public in projects.

We used several methods to identify remediation projects. For example,
we conducted two different Web-of-Science queries. The first search
returned 350 results by using the search terms “remediation,” “clean-up,”
“contaminated land,” and “developing countries.” The second search
returned 1125 results by using the search terms of “remediation,” “clean-up,”
“contaminated land,” “polluted ground,” “polluted land,” and “polluted soil,”
excluding results with “experimental study,” “pilot-scale” and “field study.”
After reading all abstracts from these two searches, we excluded most of the
papers because the focus was on policy, technological advances at the labora-
tory scale, or field trials of a technology rather than actual clean-up. Other
articles were excluded because the authors used samples taken from a devel-
oping country for laboratory analysis, but no follow-on remedial efforts were
included. We also searched the project repository from the Global
Environment Facility (GEF) and the World Bank using the search terms
mentioned above, resulting in six additional projects. Excluded projects from
the GEF and World Bank searches mentioned remediation but rather
focused on policy related to the environment or mining reclamation.

The majority of remediation projects were found through searching the
project repository on the Pure Earth website. Pure Earth is an NGO
focused on reducing pollution-related health risks though environmental
clean-up in developing communities and is therefore involved in many
remediation efforts around the world. Specifically, Pure Earth was involved
in some capacity in about 70% of the projects covered in this review. We
reviewed all 159 “Completed Projects” listed on Pure Earth’s website (as of
September 24, 2019). From this list, 29 projects were included based on the
above-mentioned criteria. Finally, the citations contained in each of the
sources were checked for additional studies or reports that were not found
in the preceding search. One additional project was found (through a cit-
ation to a government website). Overall, we identified 38 relevant projects
from 20 countries (Figure 1).

It is important to note the limitations of this work due to the limited lit-
erature available on remediation projects in developing countries. Unlike
developed countries, there are no standardized reporting requirements for
projects. Therefore, although well intentioned, many documents were miss-
ing key details (like the type of contaminant being targeted) or contained
vague language to describe the remedial strategy. Our other classifications
of project cost and responsible sector faced similar barriers during analysis.
In addition to limiting the review, poor project reporting propagates confu-
sion for practitioners seeking information about a specific contaminant and
applicable remedial technologies for future remedial efforts.
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Figure 1. Map showing the location and number of remediation projects included in this
report. The color scale corresponds to the number of projects identified in each country. Data
source: ArcWorld Supplement for continent shapefiles and Esri, Garmin for country shapefiles.
The map was created using ArcGIS® software by Esri. ArcGIS® and ArcMap™ are the intellectual
property of Esri and are used herein under license. Copyright © Esri. All rights reserved.

Project classifications

To understand the state of remediation in developing countries, projects
were first identified by contaminant, responsible sector, project cost,
and remedial strategy. Overall, the projects spanned 23 different contami-
nants from over 14 different sectors, and a wide range of costs and clean-
up efforts.

Contaminant categories

Figure 2 shows remediation projects based on contaminant category.
Projects targeted heavy-metal contamination, persistent organic pollutants
(POPs) (e.g., dichlorodiphenyltrichloroethane (DDT), polychlorinated
biphenyls (PCBs), and other pesticides), hydrocarbons (e.g., crude oil or
benzene), and radionuclides. Other contaminants included tannery waste,
aluminum, cyanide, and fluoride. Notably, lead was targeted in 13 remedi-
ation projects, more than double any other contaminant. This was due, in
part, to the known health effects of acute lead poisoning (Blacksmith
Institute, 2007a; Haefliger et al., 2009; Tirima et al., 2016). Moreover, in
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Figure 2. Number of remediation projects sorted by targeted contaminant, representing 23 dif-
ferent contaminants. Heavy metals and Persistent Organic Pollutants (POPs) are segregated into
more specific contaminants due to differentiation within project reporting. Radionuclides consist
of cesium, strontium, plutonium, and uranium contamination (approximately one project each).
Other contaminants include tannery waste, aluminum, nickel, cyanide, and fluoride.

communities with used lead-acid battery (ULAB) recycling, lead contamin-
ation critically endangered the local population because of the proximity
of lead operations to households, schools, and public gathering spaces
(Blacksmith Institute, 2014b). In fact, except for one project that did not
provide enough information to be evaluated (UNDP, 2016), all lead
remediation projects reported successful completion of the clean-up effort.
Similarly, contaminants such as DDT and mercury motivated remedial
efforts when in proximity to a human population.

Responsible sectors linked with project cost

Although remediation projects are critical endeavors for the health and
well-being of local communities, knowledge of responsible party(s) (or lack
thereof) often limits implementation and support. The majority of contam-
ination targeted by previous remediation projects originated from four
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broad categories: mining, recycling, chemical-related industries, and other
sectors. Table 1 delineates these sectors into more specific activities within
each category. The third column lists the various contaminants due to the
corresponding activities, with citations to project reports and other litera-
ture. Most of these sectors are affiliated with some of the world’s most pol-
luting industries of nonferrous metal production and industrial chemicals
(Binder, 2001; Mani & Wheeler, 1998). However, work in these sectors has
developed beyond traditional mining and manufacturing of products to
include low-income individuals and small-groups informally engaged in
recycling activities of used products. These sectors include artisanal and
small-scale mining (Environmental Law Institute, 2014), electronic waste
(e-waste) recycling (Ackah, 2017), and ULAB recycling (Daniell et al,
2015). Six projects (16%) in this review targeted contamination caused by
an informal sector (Figure 3).

Although informal sectors, such as ASGM and ULAB recycling, contrib-
uted to contamination, 58% of the projects targeted legacy contamination
from formal operations (Figure 3). Legacy pollution results from historic
activities where the responsible parties are either unknown, bankrupt, or
now-obsolete state agencies (World Bank, 2011a, 2012). Working with this
definition, projects were classified as “legacy contamination” if the respon-
sible party was unknown, did not perform remediation, or was not held
liable for the contamination. Of the legacy remedial sites, 40% were attrib-
uted to the mining industry. Due to poor project reporting, 11% of the
projects failed to specify the responsible sector and therefore could not be
classified as legacy or non-legacy contamination (Blacksmith Institute,
2005b, 2014d; CSIR-NEERI, 2015; Pure Earth, 2018c).

In terms of remedial costs, only 60% of projects reported total project
cost, the majority of which were classified as legacy contamination
(Figure 3). Sixty-six percent of projects with legacy contamination had a
project cost over 100,000 USD, four of which cost over 1,000,000 USD. As
highlighted by the World Bank (2004), municipalities and national govern-
ments lack the financial resources and economic stability to support these
legacy projects with high price tags, creating a funding barrier for remedi-
ation projects. Due to the high clean-up costs from legacy contamination
and the inability to hold responsible parties accountable, outside funding
from organizations such as the Global Environment Facility (GEF) and the
United Nations Development Program, among many others, supported
over 60% of the projects in this review.

Informal sectors experienced similar funding barriers for remediation
projects due to the informal nature of their operations and a lack of regula-
tory mechanisms required to hold them accountable. The average cost of
remediation projects targeting informal contamination was approximately
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Figure 3. Remediation projects sorted by whether the project targeted legacy contamination or
was caused by an informal sector. These categories are further partitioned by project cost as
reported by the available project reports.

80,000 USD. Three of the projects cost between 100,000 and 1,000,000
USD, and two projects cost over 1,000,000 USD (Figure 3). Development
agencies, such as the United Nations, World Bank, and Asian Development
Bank, were the financers of such clean-up efforts.

The dependency on development agencies further demonstrates the con-
texts of economic fragility, political instability, and regulatory vulnerabilities
in which projects operated. For example, two of the projects classified as
“unspecified” (i.e., not legacy or informal) still cost over 1,000,000 USD
(Figure 3). Both of these remedial initiatives were part of larger projects
that simultaneously sought to strengthen regulatory capacity within the
countries, restructure or improve the responsible state-controlled extractive
companies, and provide needed financial resources that were otherwise
unavailable (World Bank, 2004, 2007). In fact, during rehabilitation of the
Uzen Oil Fields in Kazakhstan, remedial activities were not originally
planned. Instead, they were added onto existing project activities based on
technological availability and potential profitability (World Bank, 2007).

Remedial strategies

From the thirty-eight projects, fifty different remedial strategies grouped
into four main categories were employed to clean-up twenty-three different
compounds (Figure 4). Projects targeted all environmental media, including
water (30%), soil (78%), and air (7%). The most common remedial strategy
applied was excavation and safe storage (a source recovery and removal
method), where contaminated soil was physically removed and stored in an
alternate location, typically off-site. Encapsulation, in which soil is sur-
rounded by impermeable barriers in situ, was the only method that applied
isolation and containment as a remedial strategy. Four projects explored
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Figure 4. Remediation projects sorted by employed remedial strategy. Projects often utilize
more than one remedial strategy. Therefore, the total number of remedial strategies (50)
exceeds the 38 projects included in this report. The category of Missing Info identifies projects
that lacked enough information in the report to identify the remedial strategy employed. The
category of No Action identifies projects that never employed a remedial strategy due to vari-
ous barriers to implementation.

source and plume treatment options such as bioremediation or in-situ
chemical oxidation. As previously discussed, many projects targeted lead
remediation using source recovery and removal (i.e., excavation and safe
storage). The utilization of excavation and safe storage requires an appro-
priate storage method for the hazardous waste to reduce the risk of recon-
tamination. For example, during a pesticide clean-up in Azerbaijan, Pure
Earth selected a hazardous waste facility location “situated away from any
residential areas,” and used appropriate containment measures such as con-
crete lined pits and the overpacking of liquid pesticides in plastic (Pure
Earth, 2018a). Proper containment reduces the risk of recontamination by
preventing groundwater migration (Lombi et al., 1998). In the event the
containment fails, locating the hazardous waste facility away from people
reduces the risk of contaminant exposure. However, a hazardous waste dis-
posal facility may not be available. For example, during the remediation of
mercury-contaminated soils in Kyrgyzstan, contaminated soil was stored at
a nearby tailings facility (Pure Earth, 2017b). Disposal location selection is
critical to the success of projects that utilize excavation and safe storage.
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When a hazardous waste storage facility is not available, other options may
need to be considered, including other remediation technologies (for a dis-
cussion on different remediation technologies see Lombi et al. (1998) and
Li (2010)).

Many projects implemented institutional controls alongside other remed-
ial strategies. Institutional controls included dissemination of information
through mass media outlets, informational pamphlets or children’s books,
and educational programs and workshops created for communities and
schools. Fourteen projects (~40%) utilized institutional controls as part of
the remedial activities. Institutional controls rely on the adoption and com-
pliance of local communities to be effective, necessitating adequate stake-
holder participation efforts (US EPA, 2012). Yet, out of these fourteen
projects, four failed to document any form of stakeholder engagement, and
only two noted collaboration with local governmental authorities. Four
other projects noted some kind of coordination with the local community
but lacked evidence to suggest that local community members actively par-
ticipated within the remedial process. For example, during the Nigeria Lead
Poisoning Crisis described earlier in this review, two institutional controls
were implemented. One prohibited the employment of women in ore proc-
essing, and the second required active artisanal miners to remediate any re-
contaminated media from their activities (Tirima et al., 2016). However,
there was no information describing whether community members com-
plied with these institutional controls or how cooperation with local com-
munity members created these institutional controls. Because the
investigated projects lacked analyses and reflections on stakeholder engage-
ment or participation, the effectiveness of institutional controls could not
be evaluated, and insights on the proper utilization of institutional controls
could not be determined from these projects.

Stakeholder and community participation

Because stakeholder engagement and participation is an important compo-
nent in creating effective solutions in environmental projects (Chess &
Purcell, 1999; Luyet et al., 2012; Reed, 2008), the investigated remediation
projects were analyzed against criteria for effective stakeholder participation
developed by Reed (2008): engagement and acknowledgement of a diverse
range of stakeholders, skilled facilitation of stakeholder engagement and
participation efforts, and early engagement and continuous participation of
impacted stakeholders. For the projects investigated, stakeholder participa-
tion efforts that included multiple groups were limited. Forty-four percent
of the projects failed to document any stakeholder engagement or partici-
pation. Twenty-one percent of the projects listed some kind of local
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government collaboration but failed to note any additional stakeholder
engagement or participation in the project. Only thirty-two percent of the
projects reported diverse stakeholder engagement, which included activities
such as creating stakeholder groups or committees, community mapping,
and household surveying. We did not consider education and informational
campaigns delivered to local community members to be a form of stake-
holder engagement since these activities are types of institutional controls,
discussed previously. Moreover, only four projects (10%) provided evidence
of involving local community members (individuals not necessarily part of
an NGO, governmental authority, or other institution). Three of these four
projects utilized a stakeholder group for stakeholder participation, and one
project utilized a combination of consultations and workshops. Only one
project mentioned the use of stakeholder mapping to identify the impacted
stakeholders in the project (Blacksmith Institute, 2005b). Overall, projects
often failed to document details about stakeholder engagement within
reporting. This included a failure to provide or explain initial stakeholder
analysis to ensure all impacted stakeholders were, at least, engaged in the
project. Given the limited information available, the following excerpts and
discussion summarize existing stakeholder engagement and participa-
tion efforts.

Poor stakeholder participation, often caused through inadequate facilita-
tion, led to project delays and failure. For example, in the Msimbazi River
project in Tanzania, several stakeholder groups were involved in pursuing
clean-up efforts for heavy metal and pesticide contamination, but the pro-
ject did not leverage the collective action of the various groups and the
remedial efforts were left incomplete:

efforts [of the various stakeholder groups] are isolated...and primarily prevent
further contamination more than remediate the problem such that it currently exists.
It is necessary at this point to synchronize the efforts of all interested parties, to
maximize their overall effect... The community stakeholders know best the history of
their surroundings and the sources of the water pollution. But, due to lack of
efficient communication channels to the government, this resource has previously
not been effectively utilized (Pure Earth, 2018c¢).

While local stakeholders were equipped with knowledge on local envir-
onmental conditions, without proper coordination and facilitation of these
groups, this knowledge could not be properly leveraged to assist with
remedial efforts. Poor coordination further contributed to confusion about
responsibility: in the Msimbazi River project, community stakeholders con-
sidered the river clean-up to be the government’s responsibility. As a result,
they hesitated to take action, stalling remedial efforts. By comparison,
adequate facilitation of stakeholder participation drove greater project suc-
cess. During the remediation of heavy metals and PCBs in the Clark and
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Subic Bay area of the Philippines, Pure Earth coordinated the utilization of
a stakeholder group, local technical experts, and staffed local partners to
monitor day-to-day operations of the project. This allowed multiple institu-
tions and groups to direct project activities in varying ways: local institu-
tions provided additional evaluation of remediation proposals, local
technical experts recommended sampling locations and site selection, and
the stakeholder group—made up of local community members, local gov-
ernment, and redevelopment authorities—helped to facilitate project man-
agement over the course of remediation activities (Blacksmith Institute,
2007b). In addition to including a diverse range of stakeholders in the pro-
ject, the ability to manage and direct these diverse stakeholders’ efforts led
to effective sampling and site selection, efficient clean-up of contaminated
soil, and the scheduling of thirteen additional contaminated sites for
remediation (Blacksmith Institute 2007b).

In addition to the need for skilled facilitation and inclusion of a diverse
selection of stakeholders, defining common goals and expectations for a
project required early engagement and continuous participation of all stake-
holders (Chess & Purcell, 1999). In the previous example of remediation in
Clark and Subic Bay, early engagement of local officials and technical
experts produced effective sampling procedures and established communi-
cation early among different stakeholders. Additionally, local community
members and government officials understood the existence of contamin-
ation near them and supported project activities (Blacksmith Institute,
2007b). Because these stakeholders were also given responsibilities pertain-
ing to remedial efforts, communication continued as all stakeholders
actively participated in project activities. By contrast, failure to engage
stakeholders early in project activities resulted in miscommunication and
project failure during a World Bank-sponsored project in Bolivia. Project
authorities removed funding for remediation of contaminated mine sites
within two years of the project start date due, in part, to a lack of agree-
ment from the community on the proposed solutions (World Bank, 2004).
Over 3 million USD, allotted for remedial activities, were either transferred
to pay for laboratory upgrades, used to create technical assistance programs
for municipalities affected by mining, or were canceled altogether. An add-
itional 3 million USD were further spent on studies that did not result in a
remediation project (World Bank, 2004).

One project assessed, in detail, the methods of its stakeholder participa-
tion and effectiveness of these processes, demonstrating how early engage-
ment without continuous participation may compromise project success.
The Copperbelt Environment Project in Zambia utilized a detailed stake-
holder participation plan and envisioned utilizing stakeholders in the iden-
tification, selection, and design of remedial subprojects. A Midterm Review
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workshop convened 62 different stakeholders to discuss the project part-
way through implementation, and stakeholder consultations continually
provided feedback to the project (World Bank, 2011b). Unfortunately, por-
tions of the project team failed to recognize community participation as an
essential component of the remediation project, arguing that a “community
component would make this already very ambitious Project [sic] too com-
plex and implementation possibly even slower” (World Bank, 2011b).
While the local community was intended to be included in selection and
identification of subprojects, the technical environmental coordination unit
made most of these decisions. During the Midterm Review, community
members provided feedback to project members, but did not actively par-
ticipate in decision-making that directed project activities. Thus, while local
community members were involved early in the project and allowed to
provide recommendations, they did not implement remedial subprojects as
the project had envisioned. At the conclusion of the remedial activities, the
project reported limited sustainability and local ownership of clean-up
efforts because local communities did not actively participate throughout
the remedial process.

Overall, some remediation projects struggled in effectively facilitating
diverse groups of stakeholders and allowing active participation of stake-
holders throughout the entire remediation process. By comparison, other
projects prospered when efforts were made to include stakeholders. They
experienced success when diverse groups of stakeholders were engaged
early in planning phase of the remediation process. In many cases, even if
full stakeholder participation was never reached, early engagement and
skilled facilitation of stakeholders still led to enhanced communication and
the creation of shared goals, knowledge, and expectations among the vari-
ous stakeholders.

Conclusions

Driven by a need to reduce or eliminate human exposures to hazardous
contaminants, remediation projects play a critical role in maintaining the
health and quality of life for developing communities. This review synthe-
sized information from 38 implemented remediation projects in developing
countries, both from academic and gray literature. Remediation projects
primarily targeted contamination of soil media due to heavy metals (the
majority of which were lead contamination), followed by persistent organic
pollutants. Due to the dominance of soil contamination within the remedi-
ation projects, source recovery and removal strategies were the primary
method of clean-up, despite concerns about long-term contamination
resulting from ineffective storage solutions. Three main sectors were
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responsible for contamination: mining, recycling activities, and chemical
production. Over seventy percent (70%) of the projects were due to either
informal livelihood occupations or legacy pollution, the majority of which
were classified as legacy pollution. The dominance of legacy pollution and
informal livelihood occupations in remediation projects created a funding
and responsibility gap specific to developing countries because of limited
governmental capacity to regulate and clean-up this kind of contamination.
Development organizations therefore provided funding and support for
remediation, and projects operated in fragile contexts that required com-
mitment from local stakeholders to be successful. Additionally, many proj-
ects employed a series of institutional controls as part of the clean-up
solution. Institutional controls relied on compliance and participation from
the public, offering additional support to include local stakeholders within
project activities.

Because remediation projects relied on cooperation between remediation
practitioners and local stakeholders, we analyzed stakeholder engagement
and participation efforts within the projects, finding a lack of strategic and
successful engagement efforts. Overall, the investigated projects ignored
stakeholder engagement and participation as a core part of the remediation
process. When some form of stakeholder participation or engagement was
present, project delays, wasted financial resources, and project abandonment
were due, in part, to failed stakeholder participation efforts. Efforts were
hampered due to a lack of skilled facilitation, inability to engage stakeholders
early in project activities, or neglect of stakeholder participation throughout
the entire project. By contrast, projects that more successfully pursued stake-
holder participation experienced enhanced communication between different
stakeholders, acknowledgement of shared goals and resources, and identified
additional information pertaining to project activities.

Poor documentation of historic remedial efforts in developing countries
continue to present a challenge for future projects and practitioners because
of an inability to learn from past failures and successes. Thorough and
accessible reporting, even if unpublished, is necessary for remediation proj-
ects to improve in the future, both in technical feasibility and stakeholder
participation. Finally, this lack of documentation presents uncertainty in
evaluating the effectiveness of remediation efforts.

Drawing from other development fields, stakeholder participation can
begin with an initial “community appraisal” that asks a series of questions
to identify sociocultural, technical, economic, political, environmental, insti-
tutional, and educational factors within a local community (Amadei, 2014).
These efforts can be complemented with stakeholder analysis to ensure all
impacted stakeholders are identified and engaged early in the remediation
process. After an initial community appraisal is completed, individuals
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leading a remediation project can select appropriate engagement strategies
to enlist local community members and other stakeholders within the pro-
ject, ensuring the empowerment of different stakeholder groups to make
decisions and contribute to the remediation project for its entire duration
(Reed, 2008). We further recommend that future work explores a frame-
work for incorporating diverse stakeholder engagement and participation
within remediation projects. This framework can expand upon the criteria
developed by Reed (2008) for effective stakeholder participation and apply
it toward remediation. These criteria, used in this study to analyze remedi-
ation projects, include the engagement and acknowledgement of a diverse
range of stakeholders, skilled facilitation of stakeholders, early engagement of
stakeholders at the beginning of a remediation project, and continuous par-
ticipation of stakeholders throughout remediation. Especially for projects uti-
lizing institutional controls or operating in an area with informal livelihoods,
remediation projects must employ strategic, informed stakeholder participa-
tion efforts to reveal context dependent solutions that ensure the health,
well-being, and development of communities in developing countries.

Acknowledgments

The content of this manuscript has not been subject to sponsor review and does not neces-
sarily represent the view of the sponsor. Further, the views expressed herein are those of
the authors and not necessarily those of the U.S. Air Force Academy, the U.S. Air Force,
The Department of Defense, or the U.S. Government. We would also like to acknowledge
Darien O’Brien for providing helpful reviews of our early manuscript, Caitlin Cassisi for
providing advice on cartographic best practices, and Nicole Ndegwa for creating the illus-
trations for the graphical abstract.

Conflict of interest

Rosalie M. O’Brien, Thomas J. Phelan, Nicole M. Smith, and Kathleen M. Smits declare
that they have no conflict of interest.

Funding

This work was supported by the National Science Foundation under Project Award No.
NSF-1743749 and the Shultz Family Foundation.

ORCID

Rosalie M. O’Brien () https://orcid.org/0000-0002-9580-118X
Thomas J. Phelan () https://orcid.org/0000-0003-2270-8416
Nicole M. Smith () https://orcid.org/0000-0001-7608-8094
Kathleen M. Smits ([®) http://orcid.org/0000-0002-8319-0940



18 R. M. O'BRIEN ET AL.

References

Ackah, M. (2017). Informal E-waste recycling in developing countries: Review of metal(-
loid)s pollution, environmental impacts and transport pathways. Environmental Science
and Pollution Research, 24(31), 24092-24101. https://doi.org/10.1007/s11356-017-0273-y

Agence France-Presse. (2010). Lead poisoning kills Nigeria children. The New York Times,
October 6, 2010, sec. Africa. https://www.nytimes.com/2010/10/07/world/africa/07nigeria.
html

Amadei, B. (2014). Engineering for sustainable human development: A guide to successful
small-scale community projects. American Society of Civil Engineers.

Atash, F. (2007). The deterioration of urban environments in developing countries:
Mitigating the air pollution crisis in Tehran, Iran. Cities, 24(6), 399-409. https://doi.org/
10.1016/j.cities.2007.04.001

Bartrem, C., Tirima, S., von Lindern, I., von Braun, M., Worrell, M. C., Mohammad Anka,
S., Abdullahi, A., & Moller, G. (2014). Unknown risk: Co-exposure to lead and other
heavy metals among children living in small-scale mining communities in Zamfara State,
Nigeria. International Journal of Environmental Health Research, 24(4), 304-319. https://
doi.org/10.1080/09603123.2013.835028

Beckers, F., & Rinklebe, J. (2017). Cycling of mercury in the environment: Sources, fate,
and human health implications: A review. Critical Reviews in Environmental Science and
Technology, 47(9), 693-794. https://doi.org/10.1080/10643389.2017.1326277

Binder, M. (2001). Dirty industries in decline: An introduction to the case studies. In M.
Binder, M. Janicke, & U. Petschow (Eds.), Green industrial restructuring: International
case studies and theoretical interpretations (pp. 13-42). Springer. https://www.springer.
com/gp/book/9783540674672

Blacksmith Institute. (2005a). India—Daurala groundwater contamination. Pure Earth.
https://www.pureearth.org/project/daurala-groundwater-contamination/

Blacksmith Institute. (2005b). Senegal (Baia de Hanne)—Industrial pollution. Pure Earth.
https://www.pureearth.org/project/hann-bay-senegal-industrial-pollution/

Blacksmith Institute. (2006a). India-Hema chemicals chromium waste. Pure Earth. https://
www.pureearth.org/project/hema-chemicals/

Blacksmith Institute. (2006b). Russia (Nizhny Novgorod)—Abandoned pesticide cleanup.
Pure Earth. https://www.pureearth.org/project/nizhny-novgorod/

Blacksmith Institute. (2007a). Dominican Republic—Bajos de Haina abandoned lead smelter.
Pure Earth. https://www.pureearth.org/project/haina/

Blacksmith Institute. (2007b). Remediation of Clark and Subic Bay. Retrieved September 25,
2018, from https://www.pureearth.org/project/remediation-clark-subic-bay-philippines/
Blacksmith Institute. (2008a). Kabwe lead smelter clean-up. Retrieved October 9, 2018, from
https://www.pureearth.org/wp-content/uploads/2014/03/Kabwe-Project-Completion.pdf
Blacksmith Institute. (2008b). Russia (Penza Oblast)—Chemical weapons dismantling. Pure

Earth. https://www.pureearth.org/project/chemical-weapon-dismantling/

Blacksmith Institute. (2008c). Used lead acid battery recycling. Project Completion Report.
Retrieved October 9, 2018, from https://www.pureearth.org/wp-content/uploads/2014/09/
Senegal-Thiaroye-Sur-Mer-PCR.pdf

Blacksmith Institute. (2009). Marilao industrial waste contamination. Project Completion
Report. Retrieved October 10, 2018, from https://www.pureearth.org/wp-content/
uploads/2014/03/Marilao-Project-PCR.pdf

Blacksmith Institute. (2011). Russia (Siberia)—DDT remediation. Pure Earth. https://www.
pureearth.org/project/siberia-ddt-remediation-tomsk/


https://doi.org/10.1007/s11356-017-0273-y
https://www.nytimes.com/2010/10/07/world/africa/07nigeria.html
https://www.nytimes.com/2010/10/07/world/africa/07nigeria.html
https://doi.org/10.1016/j.cities.2007.04.001
https://doi.org/10.1016/j.cities.2007.04.001
https://doi.org/10.1080/09603123.2013.835028
https://doi.org/10.1080/09603123.2013.835028
https://doi.org/10.1080/10643389.2017.1326277
https://www.springer.com/gp/book/9783540674672
https://www.springer.com/gp/book/9783540674672
https://www.pureearth.org/project/daurala-groundwater-contamination/
https://www.pureearth.org/project/hann-bay-senegal-industrial-pollution/
https://www.pureearth.org/project/hema-chemicals/
https://www.pureearth.org/project/hema-chemicals/
https://www.pureearth.org/project/nizhny-novgorod/
https://www.pureearth.org/project/haina/
https://www.pureearth.org/project/remediation-clark-subic-bay-philippines/
https://www.pureearth.org/wp-content/uploads/2014/03/Kabwe-Project-Completion.pdf
https://www.pureearth.org/project/chemical-weapon-dismantling/
https://www.pureearth.org/wp-content/uploads/2014/09/Senegal-Thiaroye-Sur-Mer-PCR.pdf
https://www.pureearth.org/wp-content/uploads/2014/09/Senegal-Thiaroye-Sur-Mer-PCR.pdf
https://www.pureearth.org/wp-content/uploads/2014/03/Marilao-Project-PCR.pdf
https://www.pureearth.org/wp-content/uploads/2014/03/Marilao-Project-PCR.pdf
https://www.pureearth.org/project/siberia-ddt-remediation-tomsk/
https://www.pureearth.org/project/siberia-ddt-remediation-tomsk/

CRITICAL REVIEWS IN ENVIRONMENTAL SCIENCE AND TECHNOLOGY 19

Blacksmith Institute. (2014a). Abandoned chemical plant—Horlivka, Ukraine. Project
Completion Report. Pure Earth. https://www.pureearth.org/wp-content/uploads/2014/01/
PCR-Horlivka.pdf

Blacksmith Institute. (2014b). Cinangka lead encapsulation project. Pure Earth. https://www.
pureearth.org/project/indonesia-ulab-cinangka/

Blacksmith Institute. (2014c). Remediating legacy lead pollution in Rudnaya Pristan and
Dalnegorsk. Current Project Report. Retrieved October 15, 2018, from https://www.pure-
earth.org/wp-content/uploads/2014/03/Rudnaya-Pristanv-PCR.pdf

Blacksmith Institute. (2014d). Russia (Magadan)—Radioactive remediation. Pure Earth.
https://www.pureearth.org/project/magadan-radioactive-remediation-project/

Blacksmith Institute. (2014e). Tajikistan—Mitigating exposure to radionuclides. Pure Earth.
https://www.pureearth.org/project/mitigating-exposure-to-radionuclides-in-tajikistan/

Chess, C., & Purcell, K. (1999). Public participation and the environment: Do we know
what works? Environmental Science ¢ Technology, 33(16), 2685-2692. https://doi.org/10.
1021/es980500g

Chikere, C. B., Azubuike, C. C., & Fubara, E. M. (2017). Shift in microbial group during
remediation by enhanced natural attenuation (RENA) of a crude oil-impacted soil: A
case study of Ikarama Community, Bayelsa, Nigeria. 3 Biotech, 7(2), 152. https://doi.org/
10.1007/s13205-017-0782-x

CSIR-NEERI.  (2015). Achievements of CSIR-NEERI. CSIR-National Environmental
Engineering Research Institute. http://www.neeri.res.in/content/achievements

Daniell, W. E., Van Tung, L., Wallace, R. M., Havens, D. ]., Karr, C. J., Bich Diep, N,,
Croteau, G. A., Beaudet, N. J., & Duy Bao, N. (2015). Childhood lead exposure from bat-
tery recycling in Vietnam. BioMed Research International, 2015, 1-10. https://doi.org/10.
1155/2015/193715

Devell, L., Tovedal, H., Bergstrom, U., Appelgren, A., Chyssler, J., & Andersson, L. (1986).
Initial observations of fallout from the reactor accident at chernobyl. Nature, 321(6067),
192-193. https://doi.org/10.1038/321192a0

Environmental Law Institute. (2014). Artisanal and small-scale gold mining in Nigeria:
Recommendations to address mercury and lead exposure (ELI Project No. 121001).
Washington, DC: Environmental Law Institute. https://www.eli.org/sites/default/files/eli-
pubs/nigeria-asgm-assessment-final-report.pdf

Erakhrumen, A. A. (2011). Research advances in bioremediation of soils and groundwater
using plant-based systems: A case for enlarging and updating information and know-
ledge in environmental pollution management in developing countries. In M. Saghir
Khan, A. Zaidi, R. Goel, & J. Musarrat (Eds.), Biomanagement of metal-contaminated
soils (Vol. 20, pp. 143-166). Springer Netherlands. https://doi.org/10.1007/978-94-007-
1914-9_6

Ericson, B., & Dowling, R. (2016). Kabwe Pilot Lead Remediation Project. Project
Completion Report. Pure Earth.

Evans, G. W., & Kantrowitz, E. (2002). Socioeconomic status and health: The potential role
of environmental risk exposure. Annual Review of Public Health, 23(1), 303-331.
https://doi.org/10.1146/annurev.publhealth.23.112001.112349

Ferl, K. (2017). AR mining environmental restoration project. (ICRR0021061). Independent
Evaluation Group, The World Bank. http://documents.worldbank.org/curated/en/
931341521756988585/ Argentina-AR-Mining-Environmental-Restoration-Proj

Garelick, H., Dybowska, A., Valsami-Jones, E., & Priest, N. (2005). Remediation technolo-
gies for arsenic contaminated drinking waters. Journal of Soils and Sediments, 5(3),
182-190. https://doi.org/10.1065/jss2005.06.140


https://www.pureearth.org/wp-content/uploads/2014/01/PCR-Horlivka.pdf
https://www.pureearth.org/wp-content/uploads/2014/01/PCR-Horlivka.pdf
https://www.pureearth.org/project/indonesia-ulab-cinangka/
https://www.pureearth.org/project/indonesia-ulab-cinangka/
https://www.pureearth.org/wp-content/uploads/2014/03/Rudnaya-Pristanv-PCR.pdf
https://www.pureearth.org/wp-content/uploads/2014/03/Rudnaya-Pristanv-PCR.pdf
https://www.pureearth.org/project/magadan-radioactive-remediation-project/
https://www.pureearth.org/project/mitigating-exposure-to-radionuclides-in-tajikistan/
https://doi.org/10.1021/es980500g
https://doi.org/10.1021/es980500g
https://doi.org/10.1007/s13205-017-0782-x
https://doi.org/10.1007/s13205-017-0782-x
http://www.neeri.res.in/content/achievements
https://doi.org/10.1155/2015/193715
https://doi.org/10.1155/2015/193715
https://doi.org/10.1038/321192a0
https://www.eli.org/sites/default/files/eli-pubs/nigeria-asgm-assessment-final-report.pdf
https://www.eli.org/sites/default/files/eli-pubs/nigeria-asgm-assessment-final-report.pdf
https://doi.org/10.1007/978-94-007-1914-9_6
https://doi.org/10.1007/978-94-007-1914-9_6
https://doi.org/10.1146/annurev.publhealth.23.112001.112349
http://documents.worldbank.org/curated/en/931341521756988585/Argentina-AR-Mining-Environmental-Restoration-Proj
http://documents.worldbank.org/curated/en/931341521756988585/Argentina-AR-Mining-Environmental-Restoration-Proj
https://doi.org/10.1065/jss2005.06.140

20 R. M. O'BRIEN ET AL.

Haefliger, P., Mathieu-Nolf, M., Lociciro, S., Ndiaye, C., Coly, M., Diouf, A., Faye, A. L.,
Sow, A., Tempowski, J., Pronczuk, J., Junior, A. P. F., Bertollini, R., & Neira, M., (2009).
Mass lead intoxication from informal used lead-acid battery recycling in Dakar, Senegal.
Environmental Health Perspectives, 117(10), 1535-1540. https://doi.org/10.1289/ehp.
0900696

Hardoy, J. E., Mitlin, D., & Satterthwaite, D. (2001). Environmental problems in an urbaniz-
ing world: Finding solutions in cities in Africa, Asia, and Latin America. Earthscan
Publications Ltd.

Hilson, G. (2002). Small-scale mining and its socio-economic impact in developing coun-
tries. Natural Resources Forum, 26(1), 3-13. https://doi.org/10.1111/1477-8947.00002

Landrigan, P. J., Fuller, R., Acosta, N. J. R, Adeyi, O., Arnold, R., Basu, N. (N. )., Baldé,
A. B., Bertollini, R., Bose-O’Reilly, S., Boufford, J. I, Breysse, P. N., Chiles, T., Mahidol,
C., Coll-Seck, A. M., Cropper, M. L., Fobil, J., Fuster, V., Greenstone, M., Haines, A., ...
Zhong, M., (2018). The Lancet Commission on pollution and health. The Lancet
Commissions, 391(10119), 462-512. https://doi.org/10.1016/S0140-6736(17)32345-0

Li, J.-T., Baker, A. J. M., Ye, Z.-H., Wang, H.-B., & Shu, W.-S,, (2012). Phytoextraction of
Cd-contaminated soils: Current status and future challenges. Critical Reviews in
Environmental Science and Technology, 42(20), 2113-2152.  https://doi.org/10.1080/
10643389.2011.574105

Li, L. (2010). Remediation treatment technologies: Reference guide for developing countries
facing persistent organic pollutants. The University of British Columbia. http://citeseerx.
ist.psu.edu/viewdoc/download?doi=10.1.1.586.2815&rep=repl&type=pdf

Li, X,, Jiao, W., Xiao, R., Chen, W., & Liu, W. (2017). Contaminated sites in China:
Countermeasures of provincial governments. Journal of Cleaner Production, 147,
485-496. https://doi.org/10.1016/].jclepro.2017.01.107

Lombi, E., Wenzel, W. W., & Adriano, D. C., (1998). Soil contamination, risk reduction and
remediation. Land Contamination and Reclamation, 6(4), 16. https://doi.org/10.2462/
09670513.401

Lupi, C., Hoa-Nghiem, K. (2015). Environmental remediation of dioxin contaminated hot-
spots in Viet Nam. Global Environment Facility. https://www.thegef.org/project/environ-
mental-remediation-dioxin-contaminated-hotspots-vietnam

Luyet, V., Schlaepfer, R., Parlange, M. B., & Buttler, A., (2012). A framework to implement
stakeholder participation in environmental projects. Journal of Environmental
Management, 111, 213-219. https://doi.org/10.1016/j.jenvman.2012.06.026

Mani, M., & Wheeler, D., (1998). In search of pollution havens? Dirty industry in the
world economy, 1960 to 1995. The Journal of Environment ¢ Development, 7(3),
215-247. https://doi.org/10.1177/107049659800700302

MES. (2008). Absheron rehabilitation program contaminated sites rehabilitation project envir-
onmental impact assessment. Ministry of Emergency Situations and The World Bank.
http://documents.worldbank.org/curated/en/400801468009973224/Cleaning-of-areas-polluted-
with-radioative-wastes-and-oil-in-Sabunchu-and-Surakhani-districts-of-Baku-environmen-
tal-impact-assessment

Miiezzinoglu, A., (2003). A review of environmental considerations on gold mining and
production. Critical Reviews in Environmental Science and Technology, 33(1), 45-71.
https://doi.org/10.1080/10643380390814451

Ola, S. A., Fadugba, O. G., & Uduebor, M. A. (2018). In-situ chemical oxidation of hydro-
carbon contaminated groundwater (A case study of Baruwa Community, Lagos, Nigeria).
In D. H. Singh & A. Galaa (Eds.), Contemporary issues in geoenvironmental engineering


https://doi.org/10.1289/ehp.0900696
https://doi.org/10.1289/ehp.0900696
https://doi.org/10.1111/1477-8947.00002
https://doi.org/10.1016/S0140-6736(17)32345-0
https://doi.org/10.1080/10643389.2011.574105
https://doi.org/10.1080/10643389.2011.574105
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.586.2815&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.586.2815&rep=rep1&type=pdf
https://doi.org/10.1016/j.jclepro.2017.01.107
https://doi.org/10.2462/09670513.401
https://doi.org/10.2462/09670513.401
https://www.thegef.org/project/environmental-remediation-dioxin-contaminated-hotspots-vietnam
https://www.thegef.org/project/environmental-remediation-dioxin-contaminated-hotspots-vietnam
https://doi.org/10.1016/j.jenvman.2012.06.026
https://doi.org/10.1177/107049659800700302
http://documents.worldbank.org/curated/en/400801468009973224/Cleaning-of-areas-polluted-with-radioative-wastes-and-oil-in-Sabunchu-and-Surakhani-districts-of-Baku-environmental-impact-assessment
http://documents.worldbank.org/curated/en/400801468009973224/Cleaning-of-areas-polluted-with-radioative-wastes-and-oil-in-Sabunchu-and-Surakhani-districts-of-Baku-environmental-impact-assessment
http://documents.worldbank.org/curated/en/400801468009973224/Cleaning-of-areas-polluted-with-radioative-wastes-and-oil-in-Sabunchu-and-Surakhani-districts-of-Baku-environmental-impact-assessment
https://doi.org/10.1080/10643380390814451

CRITICAL REVIEWS IN ENVIRONMENTAL SCIENCE AND TECHNOLOGY 21

(pp. 235-247). Springer International Publishing. https://doi.org/10.1007/978-3-319-
61612-4_19

Phillips, D. H., (2009). Permeable reactive barriers: A sustainable technology for cleaning
contaminated groundwater in developing countries. Desalination, 248(1-3), 352-359.
https://doi.org/10.1016/j.desal.2008.05.075

Pure Earth. (2015a). Sumgayit Industrial Center, Azerbaijan. Project Completion Report.
Retrieved February 21, 2019, from https://www.pureearth.org/wp-content/uploads/2014/
01/PCR-Sumgayit.pdf

Pure Earth. (2015b). Uruguay (Montevideo)—Micro toxic hotspots. Retrieved March 2, 2019,
from https://www.pureearth.org/project/montevideo-hotspots/

Pure Earth. (2016). Technical Assistance Consultant’s report: Mitigation of hazardous waste
contamination in urban areas: Supporting inclusive growth (47144-001). Asian
Development  Bank.  https://www.adb.org/sites/default/files/project-documents/47144/
47144-001-tacr-en.pdf

Pure Earth. (2017a). Colombia: Protecting children from lead poisoning in Malambo.
Retrieved October 9, 2018, from https://www.pureearth.org/project/colombia-malambo-
lead/

Pure Earth. (2017b). Mercury cleanup project Naiman, Kyrgyzstan. Project Completion
Report. Retrieved November 10, 2018, from https://www.pureearth.org/wp-content/
uploads/2017/08/PCR_Naiman_Kyrgyzstan_2017_07_18.pdf

Pure Earth. (2017c). Obsolete pesticides cleanup project in Saidov, Jami, Tajikistan. Project
Completion Report. Retrieved January 8, 2019, from https://www.pureearth.org/wp-con-
tent/uploads/2017/08/PCR_Saidov_Tajikistan_2017_07_18.pdf

Pure Earth. (2018a). Azerbaijan: Persistent obsolete pesticide removal in Salyan. Retrieved
November 7, 2018, from https://www.pureearth.org/project/azerbaijan-salyan-pop/

Pure Earth. (2018b). Guinea—PCB cleanup and removal. Retrieved November 2, 2018, from
https://www.pureearth.org/project/pcb-clean-removal/

Pure Earth. (2018c). Tanzania—Msimbazi river action network. Retrieved October 14, 2018,
from https://www.pureearth.org/project/msimbazi-river-action-network/

Pure Earth (n.d.a). Russia (Bolshoi Balchug)—Riverbank of nuclear waste (blog). Retrieved
February 21, 2019, from https://www.pureearth.org/project/cleaning-bolshoi-balchug-
riverbank-nuclear-waste/

Pure Earth (n.d.b). Russia (Bryansk)—Chernobyl radiation remediation (blog). Retrieved
February 21, 2019, from https://www.pureearth.org/project/bryansk-chernobyl-radiation-
remediation/

Raza, M., Hussain, F., Lee, J.-Y., Shakoor, M. B., & Kwon, K. D. (2017). Groundwater sta-
tus in Pakistan: A review of contamination, health risks, and potential needs. Critical
Reviews in Environmental Science and Technology, 47(18), 1713-1762. https://doi.org/10.
1080/10643389.2017.1400852

Reed, M. S. (2008). Stakeholder participation for environmental management: A literature
review. Biological Conservation, 141(10), 2417-2431. https://doi.org/10.1016/j.biocon.
2008.07.014

Sharov, P., Sinitsky, J., & Temnikova, A. (2017). Sovetskoe, Kyrgyzstan Lead Health Risk
Reduction Project. Interim Project Report. Pure Earth. Retrieved from https://www.pure-
earth.org/project/lead-cleanup-sovetskoe-kyrgyzstan/

Sun, J., Pan, L, Tsang, D. C. W., Zhan, Y., Zhu, L., & Li, X. (2018). Organic contamination
and remediation in the agricultural soils of China: A critical review. Science of the Total
Environment, 615, 724-740. https://doi.org/10.1016/j.scitotenv.2017.09.271


https://doi.org/10.1007/978-3-319-61612-4_19
https://doi.org/10.1007/978-3-319-61612-4_19
https://doi.org/10.1016/j.desal.2008.05.075
https://www.pureearth.org/wp-content/uploads/2014/01/PCR-Sumgayit.pdf
https://www.pureearth.org/wp-content/uploads/2014/01/PCR-Sumgayit.pdf
https://www.pureearth.org/project/montevideo-hotspots/
https://www.adb.org/sites/default/files/project-documents/47144/47144-001-tacr-en.pdf
https://www.adb.org/sites/default/files/project-documents/47144/47144-001-tacr-en.pdf
https://www.pureearth.org/project/colombia-malambo-lead/
https://www.pureearth.org/project/colombia-malambo-lead/
https://www.pureearth.org/wp-content/uploads/2017/08/PCR_Naiman_Kyrgyzstan_2017_07_18.pdf
https://www.pureearth.org/wp-content/uploads/2017/08/PCR_Naiman_Kyrgyzstan_2017_07_18.pdf
https://www.pureearth.org/wp-content/uploads/2017/08/PCR_Saidov_Tajikistan_2017_07_18.pdf
https://www.pureearth.org/wp-content/uploads/2017/08/PCR_Saidov_Tajikistan_2017_07_18.pdf
https://www.pureearth.org/project/azerbaijan-salyan-pop/
https://www.pureearth.org/project/pcb-clean-removal/
https://www.pureearth.org/project/msimbazi-river-action-network/
https://www.pureearth.org/project/cleaning-bolshoi-balchug-riverbank-nuclear-waste/
https://www.pureearth.org/project/cleaning-bolshoi-balchug-riverbank-nuclear-waste/
https://www.pureearth.org/project/bryansk-chernobyl-radiation-remediation/
https://www.pureearth.org/project/bryansk-chernobyl-radiation-remediation/
https://doi.org/10.1080/10643389.2017.1400852
https://doi.org/10.1080/10643389.2017.1400852
https://doi.org/10.1016/j.biocon.2008.07.014
https://doi.org/10.1016/j.biocon.2008.07.014
https://www.pureearth.org/project/lead-cleanup-sovetskoe-kyrgyzstan/
https://www.pureearth.org/project/lead-cleanup-sovetskoe-kyrgyzstan/
https://doi.org/10.1016/j.scitotenv.2017.09.271

22 R. M. O'BRIEN ET AL.

Tang, X., Li, Q, Wu, M., Lin, L, & Scholz, M. (2016). Review of remediation practices
regarding cadmium-enriched farmland soil with particular reference to China. Journal of
Environmental Management, 181, 646-662. https://doi.org/10.1016/j.jenvman.2016.08.043

Tirima, S., Bartrem, C., von Lindern, I, von Braun, M., Lind, D., Anka, S. M, &
Abdullahi, A., (2016). Environmental remediation to address childhood lead poisoning
epidemic due to artisanal gold mining in Zamfara, Nigeria. Environmental Health
Perspectives, 124(9), 1471-1478. https://doi.org/10.1289/ehp.1510145

UNDP. (2016). Reducing environmental and health risks to vulnerable communities from
lead contamination. United Nations Development Programme/The Global Environment
Facility. https://www.thegef.org/project/reducing-environmental-and-health-risks-vulner-
able-communities-lead-contamination-lead-paint

UNEP. (2011). Environmental assessment of Ogoniland. United Nations Environment
Programme. http://ejcj.orfaleacenter.ucsb.edu/wp-content/uploads/2018/03/2011.-UNEP-
Report-Environmental-Assessment-of-Ogoniland-2011.pdf

US EPA. (2012). Institutional controls: A guide to planning, implementing, maintaining, and
enforcing institutional controls at contaminated sites (EPA-540-R-09-001). United States
Environmental Protection Agency Office of Solid Waste and Emergency Response
(OSWER).  https://www.epa.gov/sites/production/files/documents/final_pime_guidance_
december_2012.pdf

World Bank. (1996). The World Bank participation sourcebook. World Bank. http://docu-
ments.worldbank.org/curated/en/289471468741587739/  The-World-Bank-participation-
sourcebook.

World Bank. (2004). Implementation completion report on a credit in the amount of SDR
7.4 million ($US11 million equivalent) to the Republic of Bolivia for a Environment,
Industry & Mining Project. Retrieved October 22, 2018, from http://documents.world-
bank.org/curated/en/797911468767988628/Bolivia-Environment-Industry-and-Mining-
Project

World Bank. (2007). Implementation completion and results report on a loan in the
amount of US $109 million to National Company Kazmunaygas JSC with the guarantee
of the Republic of Kazakhstan for the Uzen Oil Field Rehabilitation Project. ICR000014.

World Bank. (2011a). Helping countries tackle ‘orphaned’ toxic pollution sites—The focus of
World Bank Grant to Blacksmith Institute. Text/HTML. https://www.worldbank.org/en/
news/press-release/2011/12/12/helping-countries-tackle-orphaned-toxic-pollution-sites-the-
focus-of-world-bank-grant-to-blacksmith-institute

World Bank. (2011b). Implementation completion and results report on a credit in the
amount of SDR 14.1 million (US$19 million equivalent) and grant in the amount of SDR
15.5 million (US$21 million equivalent) to the Republic of Zambia for a Copperbelt
Environment Project. Retrieved October 23, 2018, from http://documents.worldbank.org/
curated/en/615451468170065644/pdf/ICR19040P070960sclosed0Dec027020110.pdf

World Bank. (2012). Getting to green: A sourcebook of pollution management policy tools for
growth and competitiveness. The World Bank. http://siteresources.worldbank.org/
ENVIRONMENT/Resources/Getting_to_Green_web.pdf

World Health Organization. (2018). World Health Statistics 2018: Monitoring health for the
SDGs. Retrieved April 16, 2020, from http://apps.who.int/iris/bitstream/handle/10665/272596/
9789241565585-eng.pdftua=1

Xie, J., & Li, F. (2010). Overview of the current situation on brownfield remediation and
redevelopment in China. The World Bank. http://documents.worldbank.org/curated/en/
450251468024319815/Overview-of-the-current-situation-on-brownfield-remediation-and-
redevelopment-in-China


https://doi.org/10.1016/j.jenvman.2016.08.043
https://doi.org/10.1289/ehp.1510145
https://www.thegef.org/project/reducing-environmental-and-health-risks-vulnerable-communities-lead-contamination-lead-paint
https://www.thegef.org/project/reducing-environmental-and-health-risks-vulnerable-communities-lead-contamination-lead-paint
http://ejcj.orfaleacenter.ucsb.edu/wp-content/uploads/2018/03/2011.-UNEP-Report-Environmental-Assessment-of-Ogoniland-2011.pdf
http://ejcj.orfaleacenter.ucsb.edu/wp-content/uploads/2018/03/2011.-UNEP-Report-Environmental-Assessment-of-Ogoniland-2011.pdf
https://www.epa.gov/sites/production/files/documents/final_pime_guidance_december_2012.pdf
https://www.epa.gov/sites/production/files/documents/final_pime_guidance_december_2012.pdf
http://documents.worldbank.org/curated/en/289471468741587739/ The-World-Bank-participation-sourcebook
http://documents.worldbank.org/curated/en/289471468741587739/ The-World-Bank-participation-sourcebook
http://documents.worldbank.org/curated/en/289471468741587739/ The-World-Bank-participation-sourcebook
http://documents.worldbank.org/curated/en/797911468767988628/Bolivia-Environment-Industry-and-Mining-Project
http://documents.worldbank.org/curated/en/797911468767988628/Bolivia-Environment-Industry-and-Mining-Project
http://documents.worldbank.org/curated/en/797911468767988628/Bolivia-Environment-Industry-and-Mining-Project
https://www.worldbank.org/en/news/press-release/2011/12/12/helping-countries-tackle-orphaned-toxic-pollution-sites-the-focus-of-world-bank-grant-to-blacksmith-institute
https://www.worldbank.org/en/news/press-release/2011/12/12/helping-countries-tackle-orphaned-toxic-pollution-sites-the-focus-of-world-bank-grant-to-blacksmith-institute
https://www.worldbank.org/en/news/press-release/2011/12/12/helping-countries-tackle-orphaned-toxic-pollution-sites-the-focus-of-world-bank-grant-to-blacksmith-institute
http://documents.worldbank.org/curated/en/615451468170065644/pdf/ICR19040P070960sclosed0Dec027020110.pdf
http://documents.worldbank.org/curated/en/615451468170065644/pdf/ICR19040P070960sclosed0Dec027020110.pdf
http://siteresources.worldbank.org/ENVIRONMENT/Resources/Getting_to_Green_web.pdf
http://siteresources.worldbank.org/ENVIRONMENT/Resources/Getting_to_Green_web.pdf
http://apps.who.int/iris/bitstream/handle/10665/272596/9789241565585-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/handle/10665/272596/9789241565585-eng.pdf?ua=1
http://documents.worldbank.org/curated/en/450251468024319815/Overview-of-the-current-situation-on-brownfield-remediation-and-redevelopment-in-China
http://documents.worldbank.org/curated/en/450251468024319815/Overview-of-the-current-situation-on-brownfield-remediation-and-redevelopment-in-China
http://documents.worldbank.org/curated/en/450251468024319815/Overview-of-the-current-situation-on-brownfield-remediation-and-redevelopment-in-China

	Abstract
	Introduction
	Methods
	Project classifications
	Contaminant categories
	Responsible sectors linked with project cost
	Remedial strategies

	Stakeholder and community participation
	Conclusions
	Acknowledgments
	Conflict of interest
	References


