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Summary

The challenge of global environmental governance lies largely in implementing effective
solutions to environmental problems as articulated in multilateral environmental agreements
(MEASs). Whilst these agreements aim to resolve their own problems, their implementation can
generate new problems which may impact other people, places, and time, a phenomenon
referred to as problem shifting. The assessment of problem shifting originating from
multilateral environmental agreements has not been examined in a systematic manner. In this
study, a first step is taken by assessing the Minamata Convention, an MEA tasked with the
management of anthropogenic mercury emissions. To allow for a comprehensive assessment
of the occurrence of problem shifting from the measures taken by countries to implement the
Convention, national reports were used to extract over 1100 implementation measures, which
were categorized into over 100 distinct types, based on the source of mercury, and type of
measure implemented. These measures are then thoroughly examined against environmental
literature to determine the nature of new problems that they have created. For instance, the
identified measure regarding the prohibition of dental amalgam displaces the problem due to
the increased occurrence and cost of restorative actions needed, resulting in financial and health
complications for consumers. This analysis has identified eight measures that cause problem-
shifting, generating problems in issue streams related to temporal and locational shifts in
mercury and product management. Ultimately, the implementation of the Convention is
hindered through costly systemic transformations and an overly simplified view of mercury
management, resulting in the continuous degradation of environmental and human health,
particularly for those of lower income. This assessment of problem shifts largely outlines the
various types of shifts, the mechanisms through which they occur, and the impacts of the shifts.
These results undermine the need for preventative and responsive measures to be established
within MEAs, to avoid and mitigate the occurrence of such shifts. The methodology provided

in this research may also be applied to the assessment of other agreements.
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Introduction

In the movement towards sustainable development, countries choose to work together in order
to develop policies and strategies which can be used to tackle various sources of pollution, or
environmental degradation. One tool used to formalize this international collaboration are
multilateral environmental agreements (MEAs). Many MEAs are currently in force, addressing
issues related to climate, energy, pollution, species protection and much more (Mitchell et al.,
2020). However, despite the large quantity of MEASs in operation, we are faced with the
continuous degradation of the environment, potentially related to the effectiveness of their
implementation. Limitations to the effectiveness of these agreements can include a lack in
scope or enforcement power, or issues within the treaty design (Escobar-Pemberthy & lvanova,
2020). Recently, within the academic debate, another form of hindrance is becoming more
apparent. The concept of problem shifting regards the unintentional consequences of solutions
to environmental issues. When a solution for one problem is devised, and that solution
generates new problems for different sectors, locations, peoples or for future generations, it can
be considered problem shifting (Kim and van Asselt, 2016). The decisions made regarding the
management of certain natural resources can have varying unintentional and detrimental
impacts towards the management of other resources. MEAs and problem shifting have an
inherently intertwined relationship, as MEAs aim to generate management systems which
should resolve certain environmental problems and problem shifts are the resultant
complications associated with those solutions. By assessing the occurrence of, and developing
a greater understanding of the latter, progress can be made towards the enhancement of the

effectiveness of MEAs.

The importance of problem shifting can be highlighted by delving into the implications that
problem shifting holds in terms of hindering the effectiveness of different policies or measures
targeted at resolving environmental issues. Whilst various problem shifts hold different levels
of technical and environmental implications within their respective fields of analysis, it stands
as a problem at all levels of environmental management. Across the hundreds of MEAs, and
thousands of national policies that are resultant of those agreements, the potential amount of
problem shifts is concerning. Thus, the improvement in the understanding of the nature of
problem shifts, the magnitude of the impacts that they hold, for whom and where, and the

relationship that they hold with MEAs is an important subject of analysis.



A similar concept in which this dilemma is discussed is that of risks emerging from response
mechanisms. Response risks refer to instances in which systems designed to manage climate
change either fail in their objective, or when these response mechanisms generate additional
adverse outcomes due to their implementation (Andrews et al., 2023). In this framing, the
additional adverse outcomes from response risks parallel the unintended consequences of
problem shifts. The field of response risks is becoming increasingly aware of the
interconnectedness of our global systems, the inter-regional/spatial/temporal impacts that our
actions have, and the role that governance plays within the unintentional generation, and
resolution of these impacts (Simpson et al., 2021). The increase in calls to action for
governments to make changes in response to climate change, makes this field of study of much
higher importance and interest. Identifying and analyzing failed response mechanisms allows
for pivotal failures within governance systems to be addressed and adjusted to hopefully

alleviate the unintended impacts that have been generated therefrom.

Within current academia, problem shifting is a rather under addressed subject field, with most
articles covering niche subject fields on a smaller scale. This literature is focused on the
quantitative assessment of problem shifts related to different technical measures within
scattered subject fields. Whilst these studies are useful in terms of the context that they provide
towards the effectiveness of sustainability management options within their respective fields,
on a larger conceptual and analytical scale for problem shifting, the implications that these
assessments provide are more limited. Because problem shifting provides an all-encompassing
label for the unintentional consequences related to solutions for environmental problems, it can
be expanded to a much larger scale of analysis. Utilizing problem shifting in a similar light as
that of risks emerging from response mechanisms, will substantiate its importance in terms of

global environmental management and risk assessment.

One MEA which can be assessed to better understand the linkage between problem shifting
and MEAs, and the impacts that problem shifts can hold is the Minamata Convention. The
Minamata Convention is an international treaty which has the objectives to protect people and
the environment from the harms induced by mercury pollution. Entered into force in August
2017, this MEA stipulates legal obligation for countries to reduce or control the usage and
emissions of mercury (Evers et al., 2016). Mercury is a naturally occurring element used for
everyday products, such as in thermostats or as a chemical catalyst. Whilst it is naturally

occurring, much of itis produced anthropogenically via industrial processes, such as the clinker



process for cement production or the burning of fossil fuels (Evers et al., 2016). Mercury
emissions are a great cause of concern for a multitude of reasons, primarily due to the
detrimental impacts it has on human and ecosystem health. Mercury poisoning can result in
neurological issues, alongside many developmental problems that impact humans, alongside
many forms of marine life (Ha et al., 2017; Kessler, 2013; Esdaile and Chalker, 2018).
Furthermore, mercury has the capacity to exist in the environment for long periods of time, and
travel vast distances through bioaccumulation in fish, resulting in a greater area and population
potentially exposed to mercury (Wang et al., 2019; Eriksen and Perrez, 2014). Because of these
detrimental effects related to mercury exposure, the Minamata Convention was created to
decrease the usage and emissions of mercury, hopefully alleviating these impacts (Bank, 2020).
To support the effective transition away from mercury usage, the Convention outlines a
multitude of provisions and actions that countries can follow in order to effectively control
mercury releases. As a result of the Convention, each party to the Convention was required to
submit a national report outlining the actions that have been taken to reduce mercury in their
case. The case of the Minamata Convention was chosen for this analysis of problem shifting,
due to the availability of information regarding the measures implemented by each country,
and the potentially high probability of problem shifting resultant of the many measures
established.

Research Aim and Objectives

Due to the contemporary nature of problem shifting as a concept, its little-understood
connection with MEAs, and the importance of the Minamata Convention in the realm of
environmental and human protection, this research aims to determine which problem shifts are
resultant of the Convention, and the impacts that those problem shifts hold. To do so, this
research will utilize the national reports created by each country to determine the actions taken
and will assess those actions for their potential to induce a problem shift. With these objectives
in mind, this research has the central research question of: What is the impact of problem shifts

resulting from the Minamata Convention?

To structure the analysis, three sub-questions will be utilized. Firstly, to structure the
assessment of the national reports, the first sub-question: Which measures have been
implemented by countries in response to the Minamata Convention? will be used. Following

the first phase of analysis, the second phase will be structured with the following two sub-



questions: Which measures of the Convention induce problem shifting? What are the impacts
of the problem shifts resulting from the Convention? These questions are employed to first
delineate which measures result in problem shifting, followed by the assessment of the impacts

of those problem shifts.

This analysis of the Minamata Convention will provide two key results. Firstly, an overarching
review of the measures that have been implemented in response to the Minamata Convention
will be provided. This review will highlight which sources of mercury are most targeted by
countries, what types of measures have been utilized to manage those sources of mercury, and
lastly, which regions have shown the highest rates of implementation. These results present the
policy response to the Convention, highlighting largely prohibitive measures which countries
have deemed to be the most suitable response mechanism towards managing mercury.
Secondly, an overview of the problem shifting resultant of the Convention will be provided.
This analysis will highlight which measures induce problem shifts, identify who, what, where,
when those impacts will be felt, and who is responsible for the occurrence of those problem
shifts. This research presents how the problem shifts have been found to have widespread
spatial and social impacts, and how the Minamata Convention has played a central and causal
role in the occurrence of such. Overall, this research aims to highlight problem shifting as a
significant issue within the current field of global governance, to highlight its
interconnectedness with MEAs and national policy implementation, and to provide

recommendations on how such problem shifts can potentially be alleviated.

The research will be structured as follows, firstly a typology of problem shifts will be provided
in the following section to highlight the various forms in which problem shifting can occur,
and the types of impacts that each of those forms of problem shifts can induce Following this
typology, a rigorous methodology outlines the research strategy and methods used in this
research. Due to the novelty of national reports being used as a data type in this research, careful
consideration is taken into how their contents will be systematically extracted and assessed.
Further methods are generated to structure the analysis on which measures have induced
problem shifting, and the impacts that those problem shifts hold. The research methodology is
central to this research as the methods applied in this research can potentially be expanded to
the assessment of other MEASs, in order to determine their potential for problem shifting. Once
the methods have been clearly outlined, the results will be presented in two parts. Firstly, the

results regarding the analysis of the national reports will be presented, highlighting insights



regarding implementation rates, strategies most employed and the most targeted forms of
mercury. Following this, the overview of the problem shifts resulting from key measures will
be provided, highlighting the correlation between the Minamata Convention, the resultant
global implementation of the measures, and the impacts felt by those problem shifts. Next, the
discussion will highlight the connections and outcomes of the research, theoretical implications
and contributions made, alongside the policy recommendations supported by the insights found
within the analysis. Finally, the conclusion will answer the central research question, and

provide the main insights of the research.



Theoretical Framework

Problem shifting is the central concept within this research and is the primary focus of analysis.
Problem shifting has a multitude of definitions all centered around the concept of when a
solution for one issue area comes with unintentional consequences or “backfires”, resulting in
the degradation of a different issue area (Kim and van Asselt, 2016; Galaz et al., 2012). Some
of the more explored and concrete examples of problem shifting include the Montreal Protocol,
where ozone depleting substances were prohibited, but resulted in an increased usage of
harmful hydrofluorocarbons (Woodcock, 2023), or the current transition away from fossil fuels
towards biofuels, which results in an increase in land transformation due to the increased
necessity for the production of biofuel crops (Phungrassami and Usubhartana, 2021; Galaz et
al., 2012). Whilst these are two of the more prevalent examples of problem shifting, there are
many more examples, known and unknown, which hinder the total effectiveness of
sustainability measures. The concept of problem shifting has already existed since the 1990’s,
van der Voet and van Oers (1998) have discussed the issue of problem shifting and the different
forms of shifts, including shifts within the material chain, shifts to other material chains, shifts
to other locations, shifts to future generations, and shifts to other functions (van der Voet and
van Oers, 1998). Despite the acknowledgement of this issue, recent studies are now
reintroducing the concept and are utilizing it to better address this type of hindrance in

sustainability management.

The conceptual underpinning of problem shifting is complemented by the concept of risks
emerging from response mechanisms. In the assessment by Andrews et. al. (2023), a typology
of risks emergent from response mechanisms is outlined, highlighting the varying social,
environmental, temporal impacts that may occur due to the implementation of a certain policy.
Furthermore, Andrews highlights a “risk-response-feedback” which models the feedback
between risks and their associated responses, encompassing a full-cycle assessment of the

system at hand.

Below, this research has provided a typology of problem shifts, to expand on the concept of
problem shifting, to highlight its many forms, and the impacts of each. This typology supports
the past works of Van der Voets, by expanding on the forms of problem shifting identified,
alongside highlighting a problem shifting mechanism, which compliments the “risk-response-
feedback” of Andrews. This typology defines seven types of shifts, providing unique examples
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for each, and presents the mechanism through which each problem shift occurs. This typology
serves as a framework in which the problem shifts that will be identified in this research can

be labeled under.

Table 1. Typology of Problem Shifts

Type of Definition Key Problem Shifting
Problem Shift Examples Mechanism
Environmental =~ When the solution results Biofuelsasa  Increased biofuel crop
in the generation of a solution to consumption —
new or similar problem | fossil fuels Increased land
related to the negative (Yangetal., transformation —
degradation of the 2012) Increased eutrophication
environment. and water scarcity
Locational When the solution Renewable Increased demand for rare
utilized results in the energy carth minerals —
degradation of other technologies Increased mining in
areas. developing countries
Temporal When the solution either = Nuclear Increase in nuclear waste —
doesn’t fully resolve the | Energy Unknown yet lasting
problem (leading to impacts far into the future

future consequences, or
results in another
complication that would
have to be dealt with in

the future.

Management When the solution Corporate Increase in corporate
displaces the environmental ' responsibility/power —
responsibility of Responsibility = Cost effective solutions are
management to another  (Peng et al., chosen —
body, resulting in the 2021) Decrease in environmental
negative impacts performance
therefrom

Financial When the solution Renewable Renewable tech —
generated requires a high = technologies | financial barrier to
financial input for (Min and implementation —
implementation, Galle, 2001) Renewable tech is not
resulting in either a lack chosen

of or insufficient
implementation of the

solution.
Physiological When the solution Expansion of | Expansion of Mining —
utilized results in some mining Increased informality —

11



Type of Definition Key Problem Shifting

Problem Shift Examples Mechanism
populations being put at Increased rate of individuals
an increased risk of being placed in high-risk
physiological damage. situations
Social When the solution Food safety Increased regulations —
utilized results in some regulations in ' Increased pressure on
communities being put at = the U.S. smaller farming groups —
risk of social disruption Increase in anxiety in this
group due to state-imposed
pressure

The first three definitions have adapted the five types of problem shifts highlighted in Van der
Voets (1998) research. The first shift, an environmental shift, was inspired by the “within the
substance/materials chain” and “to other substance/materials chains” problem shifts. These
shifts largely discuss the consequences related to solutions focusing on certain types of
materials, resulting in other materials being used, generating new environmental problems. The
second shift, a locational shift is based on the “shifting to other locations”, which entails the
transfer of the problem to a new location. Finally, the third shift, a temporal shift, is related to
the “shifting to future generations”, which entails the transfer of the problem to future time
periods. Van der Voets work allowed for a useful assessment of problem shifts within the
material chain of events, however, in sustainable development research, there is an inherent
human aspect which should be taken into consideration. To expand upon the forms of problem
shifts, human, social, financial and managerial aspects will be integrated into the problem

shifting typology.

The fourth shift is a management shift, in which the responsibility for managing a certain
system/product/waste is shifted from one person/business/institution to another, and that
transfer resulting in the mismanagement of the system/product/waste (Belal et al., 2015). The
fifth problem shift is a financial shift, in which financial burdens or costs act as a significant
blockade to implementing environmental solutions. This was chosen to be classified as a
problem shift due to the increasing frequency of such events, alongside environmental solutions
often being coupled with expensive technologies which cannot be universally applied due to
their cost. The sixth problem shift is the physiological shift, where human impacts are regarded
within the problem shifting concept. This shift refers to situations where environmental

solutions are implemented at the (un)intended expense of an individual or larger group's
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physiological health. The final problem shift is the social shift, in which a social
group/community is negatively impacted due to the implementation of an environmental
solution. As highlighted in the example, many communities can be inadvertently impacted due
to the implementation of solutions, signifying the necessity to include human impacts within

the conceptual framing of problem shifting.

This typology will be utilized in this assessment to not only expand upon the concept of
problem shifting, but to also utilize it to categorize the various problem shifts that will be
identified.

13



Methodology and Research Strategy

This section will be structured as follows, firstly, the primary types of data that will be utilized
will be detailed, explaining what they pertain and the purpose that they each serve in the context
of this research. Following, the research strategy will be outlined, in which the entire research
process will be broadly explained, highlighting the key details for each phase of research and
their core objectives. Finally, the specifications regarding the methods used, and systematic

analysis of the content will be explained.

Data Types

The first subject of analysis within this research will be the National Reports published by the
countries who have signed to adopt the Minamata Convention. National reports have been
chosen as the primary subject of analysis as this is the document in which countries state their
current practices regarding mercury usage, collection and disposal. Furthermore, via the
Minamata Convention, countries are obligated to state the policies and other actions undertaken
in response to the Convention within the national reports. The national reports all follow a
similar format in which the countries specify the actions they have taken to comply with each
article of the Convention. The national reports are expected to provide a plethora of information
regarding the measures that countries have implemented, alongside which practices a country
is doing which involve mercury usage. For this analysis, the number of national reports
includes all countries which have submitted them as of 17 January 2023, when the data
collection process began, resulting in an assessment of 92 percent of countries, or 123 national

reports.

The last form type of data that will be used within this research is literature on problem
shifting/shifts. This form of data will be extracted via an in-depth literature review. The
literature on problem shifts will aim to describe how certain implementation measures can have
unintended consequences to their implementation. Existing literature already covers some
implementation measures associated with the Minamata Convention such as Kosai (2022).
These forms of literature describe how various implementation measures result in problem
shifts, and the magnitudes of those problem shifts. The utilization of existing literature on
problem shifts related to various implementation measures for the Minamata Convention will
allow for a comprehensive assessment to be made regarding what problem shifts do exist, and

what areas/people/times will be impacted by those problem shifts.
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Research Strategy

In order to answer the central research question, three sub-questions are utilized to separate the
various phases of analysis, alongside the differing forms of data and methods used to answer
each. Outlining the research process, figure 1 highlights the research strategy used in this
analysis.

. Results of Analysis . Methods

Research Strategy

O Research Actions O Data Sources

Coding Scheme

Final Grouping of
Measures

—>» Data Extraction —» Data Filtering —>» Data Categorization

Desk Research

s U8 Analysis Between Review of Mercury Types
Erohlemsniiting Determmat'nop of «—  Literatureand <€— Problemshifting €— Targeted by
Measures Problemshifting 4
Mercury Types Literature Convention

Literature Review

Sub-Question 1

Sub-Question 2

Problemshifting Rewa of Data and Analysis of Impacts of
Literature to ——>» who/what/when
Measures Problemshifting
Uncover Impacts /where of Impacts

Literature Review/Desk Research

Subquestion 3

What problemshifts are resultant of the implementation of the Minamata Convention?

Final Grouping of ‘ Problemshifting ‘ Impacts of
Measures Measures Problemshifting

Figure 1: Research Strategy

Central Research
Question

As highlighted in figure 1, the research is divided into three distinct phases. The first phase
answering sub-question 1 began with the national reports as the primary source of data.
Utilizing a coding scheme, the relevant content was extracted, filtered and categorized from
the national reports, resulting in an overview of the global implementation of measures
resulting from the Minamata Convention. Next, the identified sources of mercury, and
associated strategies to reduce their presence were assessed for the potential for problem

shifting utilizing a semi-systematic literature review. Once the most prevailing problem shifts
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have been identified, the final phase of analysis determined the impacts of those problem shifts.
As a result, utilizing the three primary results, stemming from the analysis of each of the sub-

questions, the central research question could be answered.

For this research, primarily qualitative forms of data were used within the assessment.
Quialitative data analysis is used across the board in environmental governance research. It
serves as a tool which can allow for large-scale data analysis projects, which can allow for
similar sets of questions and variables to be assessed across a multitude of cases. This potential
allows for comparisons to be made cross-scale and cross-nationally (O’Neill et al., 2013).
Qualitative analytical methods have been shown to be more “adept at capturing complexity,
linkages, and scale in contemporary GEG that characterize, for example, the interactions across
different issue areas” (O’Neill et al., 2013, p.449). Contemporary qualitative research utilizes
various methodological approaches and attempts to combine said approaches, in which new
analytical frameworks can be created. The abovementioned factors and capacity for qualitative
research to produce overarching assessments of large-scale dynamics is central to the aims of
this research and is justifiably used in this case. In the following section, the in-depth

methodology and strategies used to conduct each phase of research will be outlined.
Methods

Sub-Question 1

Answering the first sub-question of: Which measures have been implemented by countries in
response to the Minamata Convention? is primarily centered around the refinement and
analysis of national reports. The key outcomes of this refinement process include the
identification of implementation measures, and categorization of such based on the sources of
mercury, and types of policy response used. This categorization provides useful insights into
the policy response of the Convention and allows for the data to be utilized in the later stages

of research.

To support this analytical process, content analysis was employed as the primary method to
refine the data in a systematic manner. Content analysis as a strategy aims to refine large
amounts of data into a manageable amount for analysis (Beck et al., 2010). The method of
Content Analysis has been used in the field of environmental studies through the analysis of

policy in technical reports or other forms of policy-related documents (Hall and Steiner, 2020).
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Whilst various forms of content analysis exist, this research follows a mechanistic study in
which a clear rule setting procedure is used to identify implementation measures amongst a
large scale of qualitative data. This phase of research was conducted through a three-step
process, in which the objective of systematically assessing the contents of the national reports
could be met. Below, table 2 highlights the three-step process, with the various tasks/objectives

associated with each step.

Table 2: Three Step Content Analysis

1: Data Extraction 2: Data Filtering 3: Data Categorization
Strategies 1: Identification of Rules procedure for 1: Coding procedure for
relevant articles data filtering categorization
2: Extraction of data 2: Grouping Procedure
Outcomes Raw Data Implementation Coded Measures and
Measures Categorized Data

Data Extraction

The data extraction phase began with the assessment of national reports submitted to the
Minamata Convention website. As of 17 January 2023, 92 percent of countries (123) have
submitted national reports, which contain information regarding a country's current practices,
and plans to manage mercury within their case. These documents have been collected as open
source via the Official Minamata Convention website. The process of data extraction from
these reports has two key steps, the identification of relevant articles for analysis, and the

extraction of the appropriate text.

To determine the “relevancy” of each article of the Convention for this analysis, the core
objectives of each article were assessed, alongside the information that would be provided
within the national reports. Below, table 3 highlights each article of the Convention, the topic
that each article covers, whether it was chosen to be part of this analysis, and the rationale

behind the (non)selection for further analysis.

Table 3: Selection of Articles for Analysis

Article Topic Selection Rationale

1 Obijectives of the No Contents Define the Objective
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Article

10
11
12

13

14

15

16

17

18

19

20

21

Topic
Convention

Definitions

Mercury Supply Sources

Mercury Added Products
Manufacturing Processes

Artisanal and Small-Scale
Gold Mining

Emissions Sources
Releases of Mercury
Storage of Mercury

Mercury Wastes

Contaminated Sites
Financial Resources
Capacity Building
Implementation and
Compliance Committee
Health Aspects

Information Exchange

Public Awareness

Research and Development

Implementation Plans

Reporting

Selection

No

No

Yes
Yes
No

Yes
Yes
Yes
Yes
No

No

No

No

No

No

No

No

No

No

Rationale
of Convention

Contents are Based on
Establishing Definitions

Contents are for Informative
Purposes

National Policies are Outlined
National Policies are Outlined

Number of Measures Exceeds
This Research’s Capacity

National Policies are Outlined
National Policies are Outlined
National Policies are Outlined
National Policies are Outlined

Contents Describe
Decontamination Procedures

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative
Purposes

Contents are for Informative

18



Article Topic Selection Rationale

Purposes

22 Effectiveness Evaluation No Contents are for Informative
Purposes

23+ Convention Details No Contents are for Informative
Purposes

As highlighted above, the selection of relevant articles for analysis was done with the core
objectives of the research in mind. Because this research aims to identify problem shifts
resulting from the policies implemented in response to the Convention, only articles
containing/stating the national policies established by each country were selected. As shown
above, many of the articles were not chosen for analysis due to their objectives pertaining to
information exchange and definition setting. These objectives are not relevant for the case of
this research as they do not provide any information pertaining to measures which have been
implemented to manage mercury. Conversely, articles 4-11 were chosen (with the exemption
of article 7) for assessment because the content provided within the national reports includes
national policies (implementation measures for the management of mercury) that countries

have established, thus rendering them useful for further assessment.

The following step after the selection of relevant articles was the extraction of data from each
of the national reports. Due to the uniform format of every national report, the data could easily
be extracted from each, allowing for further assessment to be conducted. The national reports
were structured by each article of the Convention, and under each, countries were asked to
specify their practices, in a qualitative format. The sections where countries would outline their
practices, were extracted into an excel file, noting the country, and article from which the data
was extracted. This bulk of data that was extracted was labeled as “raw data” which would be
assessed and refined in the following stages. The uniformity of national reports also enhances
the comparability of the data for further stages of analysis.

Data Filtering

Following the completed data extraction phase comes the data filtering phase, in which the raw
data was filtered to extract only the “implementation measures” from all the data provided.
Clear guidelines were not explicitly provided on how countries should report their current

practices, therefore, much variation between the raw data was observed. Within the raw data,
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countries have provided information regarding measures or legal codes established, a country's
current and past regulations, or current status of practices. Despite the resourcefulness of some

of this information, this filtering process aimed to only extract the implementation measures.

In order to maintain consistency throughout the data filtering phase, this research chose to
define “implementation measures” as a country’s policies, practices or actions implemented to
manage mercury. The criteria which were used to filter the “implementation measures” from

the rest of the unnecessary content is provided in table 4 below.

Table 4: Criteria for Filtering of Implementation measures

Content Regarded as Definition/Examples
Implementation Measures

Actions Taken - Prohibitions/bans
- Emissions limits/standards
- Awareness programs
- Phase out plans/National objectives
- Promotion of alternatives
- Management controls

Resolutions/Regulations = Any resolution/regulation/law implemented by countries,
independent of any text explaining their objective
E.g., EU Regulation 2017/852

Implemented Directives | The implementation of directives/rules/measures established
in other Conventions/Frameworks/Directives
E.g., Basel Convention

By utilizing the criteria for what can be regarded as an implementation measure, the large
quantity of raw data was able to be filtered. For each raw data section, multiple measures could
be extracted, as a result, from the filtering phase, approximately 1100 individual measures were

extracted from the national reports.
Data Categorization

To fulfill the objectives of the content analysis, the 1100 measures were refined into a more
manageable number, to make them more resourceful for analytical purposes. To do so, a large-
scale categorization of the measures was conducted. The categorization process was conducted
through a coding process, in which codes were attached to each measure, and the measures

were organized based on the codes given. Coding is a widely used analytical tool in which
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codes are assigned to various words, phrases, sentences or paragraphs in relation to a specific
setting (Basit, 2003).

Within the coding scheme, multiple codes were assigned to each measure to effectively
categorize measures based on the type of mercury that is being targeted, and the type of
measure that is being implemented. The two primary categories of mercury type and measure
type were chosen due to their respective purposes of identifying the source of mercury targeted

by each measure, and the mechanism/measure utilized to combat that source of mercury.

The coding process was done manually in excel. Whilst various programs can automate the
coding process, the manual coding process was necessary due to the lack of uniformity in which
countries have specified their practices. Furthermore, it was not clear what was targeted within
each measure, so automated codes could not be preemptively assigned. Due to the lack of
consistency, and the high variety of diction used by each country, the coding process was done
manually. Alongside this, the codes were generated iteratively throughout the analytical
process. Furthermore, due to instances of insufficient information to determine the actions
taken within a policy, a utility category is used for individual purposes to determine and
highlight which measures can be used for the analysis, based on the clarity of information
provided. Below, table 5 provides an example of the coding process utilized in this research,

and the contextual variables necessary for the proper attribution of codes to measures.

Table 5: Example of Coding Process

Country  Article Measure Mercury  Measure = Utility
Type Type
Switzerland 4.4 It is prohibited to place on the market Batteries and Mercury
electrical and electronic appliances which Electronics Content Clear
contain batteries with more than 5 mg of Limitation

mercury (Annex 2.15 ORRChem).

Uganda 5.2 A person shall not use mercury or mercury | Acetaldehyde @ Prohibition Clear
compounds in Acetaldehyde production or = Production
import mercury or mercury compounds for
the same purpose after the phase-out date

of 2018
Eswatini 9 The Water Pollution Control Regulations Mercury Limitation | Clear
2010 prohibits the release of effluent Releases
containing more than 0.001 mg/L of
mercury.
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As highlighted above, in assigning codes to each measure, key phrases within the
implementation measures were highlighted to identify either the type/source/product of
mercury (highlighted in blue) and the type of measure that has been used to manage that source
of mercury (highlighted in red). Utilizing the information provided in each measure, this
method of coding was used to assign codes to each of the 1100 implementation measures,

facilitating the proceeding categorization process.

The categorization process was done via grouping the measures based on the mercury type,
and the measure type. After doing so, three key findings were made. Firstly, across all the
implementation measures, only 28 sources of mercury were targeted. Along the same lines,
only 20 types of measures were employed to combat those sources of mercury. Finally, of the
28 sources of mercury, and 20 measure types, 120 unique combinations of the two appeared
across the implementation measures. These combinations were defined as “grouped measures”
and were labeled using the combination of the mercury type and measure type, e.g. (Mercury
type: Batteries, Measure type: Limitation, Measure Name: Limitation on Mercury Content in
Batteries). The 120 grouped measures provide detailed information into the types of actions
that countries have taken in order to regulate mercury within their case (provided in Annex D).

Within the results section, these results are expanded upon.

Sub-Question 2

The implementation measures identified within the first phase of this research have come in
the form of 28 mercury types, accompanied by 20 measure types. The identification of
implementation measures has promoted a better understanding of how mercury is currently
being managed in response to the Convention, however, a further assessment can be done on
the potential pitfalls of this implementation. This section aims to address the methods used to
answer the second research question of: Which measures of the Convention induce problem
shifting? To do so, the results obtained whilst answering the first sub-question were utilized
alongside relevant environmental literature to ascertain whether problem shifting is occurring
in each instance. This section presents the methodology used to create this framing of problem

shifting occurring within the Convention.

To answer the second sub-question, the 28 mercury types, and responses to manage such, were
scanned across environmental literature to assess where problem shifts stem from. It is assumed

that some measures have been sufficient in their objective of managing mercury. Subsequently,
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it is assumed that other measures do not fulfill their objective, and result in some degree of
problem shifting, thus, this section will aim to highlight the methods of how those problem

shifts are identified.

This assessment of problem shifting was conducted through a semi-systematic literature review
(SSLR). Literature reviews as a research method have been found to be resourceful in many
facets of academic work, as to systematically synthesize previous work, and to build a
foundation for advancing a current conceptualization of knowledge (Snyder, 2019). This
research has found this method of data collection as the most viable form due to its potential
for knowledge synthetization, alongside the volume of information that must be collected for

this phase of research.

The first phase of the SSLR was the selection of search terms. The selection of search terms is
largely based on the results of the first sub-question, used in tandem with connotations of the
term problem shifting. The objective of this SSLR is to determine whether the varying
measure/mercury types have resulted in the generation of problem shifts. Therefore, the
measure/mercury types are examined alongside terms relating to problem shifting
(unintentional impacts). The literature search process, using the mercury types, boolean search

operator, and problem shifting terminology is highlighted in table 6 below.

Table 6: SSLR Mercury Type Search Process

Mercury Keywords Boolean Search Operator = Problem shifting Keywords

Problem shifting
Unintentional/Adverse +

25 Mercury Types Identified And Impacts/Consequences
in Sub-Question 1 Burden Shifting
Tradeoff

Risk/Benefit

Note: The 28 mercury types identified by sub-question 1 were reduced to 25 due to the exclusion of the mercury
types: specified processes (a reiteration of CCP, CFI, CFB, SNR, WIF), unclear regulations and EU regulation
2017/852.

The SSLR search process highlighted in table 6 highlights the general search process utilized
to identify literature which supports the notion that problem shifting is occurring in the varying

cases of mercury management.

23



Firstly, within the first column, the primary target of analysis was the 25 types of mercury that
have been identified in sub-question 1. This decision to prioritize the analysis of the mercury
types compared to the other types of data identified in sub-question 1 is rationalized for a
multitude of reasons. Primarily, the connection between the mercury types and the Convention
is clear. Currently, no other conventions or actions target these types of products/sources of
mercury, thus within the articles identified, the connection between the Minamata Convention
and the effects of the type of mercury is present. Secondly, within the search process, the
connection between management responses to the mercury sources is implicit, thus the
resulting literature will also cover the associated response mechanisms to the sources of

mercury.

This rationale is further supported due to the pitfalls of the other search processes that could
have been utilized. Firstly, if measure types were chosen as the primary target of analysis,
issues arise with the search strings becoming too long, or lacking a connection with the
Minamata Convention. Without an additional keyword specifying the Minamata Convention
in the search string, the measure types could relate to many other fields of political and
environmental problems, with the resultant literature being very broad and in-applicable to the
current research. Furthermore, the choice to use the 120 grouped measures was proposed,
however, the process of scanning the 120 grouped measures against the many problem shifting
keywords would result in the search phase being far too long. Due to the many aforementioned

factors, the mercury types were used as the primary target of analysis.

Alongside the mercury types that are used in the search process, are the problem shifting
keywords. The problem shifting keywords highlighted in table 6 are terms which were deemed
to fit the purpose of this search process. Whilst problem shifting could be the one term applied,
due to the low usage and recognition of this concept, this would likely result in a low number
of articles which could be utilized for this analysis. Therefore, terms such as unintended
impacts, or tradeoffs were utilized, as they share a similar definition to the concept of problem
shifting, and results in a higher likelihood of relevant articles being found. The necessity for
other terminology to be used is less of a limitation to this work, but rather, a lack in the concept

of problem shifting being applied within current academia.

From the search process, there are several criteria which were aimed to be met. The first
criterion is whether there is literature which covers the specified mercury type/source and the

problem shifting keywords. If the search strings provided no results, then there are two
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possibilities. One is that there is no occurring/observable problem shift, or that there is no
literature or studies which have assessed the potential of such. Regardless, the mercury sources
with no relevant literature are assumed to be the former for simplicity purposes. If literature
does exist, a minimum number of n=5 articles is necessary to derive that the phenomenon is
somewhat present and has been identified by numerous/varying assessments. By utilizing the
information found within the articles, a determination of the occurrence and type of problem
shift was made, categorizing the shift as one of the seven types of shifts outlined in table 1, the
problem shifting typology. Resultant of this search process, eight mercury types have been
identified as significant sources of problem shifting. This identification of shifts was used for

the answering of the third sub-question.

Sub-Question 3

To answer the third sub-question: What are the impacts of the problem shifts resulting from the
Convention? A similar strategy of literature review is done; however, this search expands the
types of literature used from only academic articles to governmental reports or findings
regarding the phenomena of problem shifting currently occurring. This process aims to result
in information regarding the mechanisms through which the problem shifts occur, the general
impacts that can be felt as a result of the shift, followed by a scaling of the magnitude of those

impacts.

Firstly, the articles identified in answer sub-question two will already provide some insights
into the mechanisms, and types of impacts that would be felt from the resulting problem shift.
Followed by examples of impacts felt in individual cases, the impacts of the shifts will be
outlined in broader terms, highlighting how the problem shifts occur, through what

mechanisms, and the end results of the problem shifts.

Whilst the identification of these impacts is central to the research, it is essential to also provide
a scaling of the impacts, to highlight the magnitude of the shifts, and for which regions or
groups of people the impact will be most felt. To provide a structured format from which the
magnitude of the impacts of the problem shifts can be scaled, a self-modified version of the
qualitative environmental impact assessment (EIA) provided by Toro et. al. (2013) was used.
Whilst the full EIA utilizes a multitude of metrics to transform qualitative data to a quantitative
full environmental impact rating, this research has chosen to utilize the scaling procedure for

the variables of intensity and extension to determine the magnitude of the impacts. These
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variables address “incidence of the action on the environmental factor” and “area affected by
the impact in relation to the total area of the surroundings” respectively. However, as EIAs
address solely environmental impacts, and this research includes social, financial and temporal
impacts in the analysis, these variables will be slightly modified to fit the broader nature of this
research. Below table 7 highlights the variables, their modified definitions and the criteria by

which they will be evaluated.

Table 7: Modified Qualitative Impact Assessment (Variables and Criteria)

Variables Intensity Extension
Definition Incidence of the action on the Area [or group] affected by the
[problem shifting] factor impact in relation to the total area

[or population]

Criteria Low Isolated
Medium Partial
High Widespread
Very High Total

As highlighted in table 7, slight adjustments have been made to the definitions of the variables.
Firstly, for intensity, the incidence on the action on the [environmental] factor was replaced
with the [problem shifting] factor. This is done as each of the measures that have an identified
problem shift, will also be attributed a certain type of problem shift, which has each of its own
implications (e.g., financial problem shift, the action will have an influence of the financial
factor). Whilst the problem shifts have extended impacts beyond the direct problem shift, each
chosen factor will be clearly outlined within the respective sections in the problem shifting
analysis. The intensity factor will then be scaled from low to very high. Whilst this judgment
is challenging due to its subjective nature, as addressed by Toro, the research will justify the
rationale based on the supporting evidence per measure. Secondly, regarding the variable of
extension, alterations were made to include peoples in what is felt by the impact. Previously,
the variable only regarded area impacted, as it is an environmental assessment criteria,
however, due to the inclusion of social variables in this research, this variable was expanded to
include groups of people within the impacts. The variable of extension will be scaled from
isolated to total impact. Whilst this judgment faces similar complications regarding
subjectivity, the same rationale based on context will be used. Using these two variables, the
scale/magnitude of the problem shifts will be more structurally defined. Below the case of the

transition towards biofuels will be utilized as an example of the magnitude assessment process.
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The transition towards biofuels aims to reduce emissions via the replacement of traditional
fossil fuels with the renewable form of biofuels, generated via the cultivation of corn, algae,
and other crops. This transition, however, induces an environmental problem shift, via an
increase in land transformation and nitrogen emissions. The inclusion of the impact of land
use changes of first-generation biofuel crops potentially leads to GHG emissions targets not
being met, with ranges of GHG emissions ranging per study from very small to very large
(Jeswani et al., 2020). The potential changes in nitrogen increase have been found to
potentially result in a net zero relative GHG emissions savings compared to petrol (Jeswani
et al., 2020). Based on these aforementioned impacts, the [problem shifting] factor which will
be utilized for the assessment on intensity will be the environmental impact. Concluding from
the points highlighted in red, the environmental intensity of this shift can be labeled as
medium, as the transition potentially results in a net zero change within the impact on GHG
emissions. Regarding the extension of this impact, the total area could be considered on a
national scale, as biofuel transitions typically stem via national policy. The impacts of
emissions increase/reduction span across the entirety of a country, resulting in the impacts of

this shift being widespread.

As highlighted above, the points of context highlighted in red have been applied to grade the
intensity and extension of the impacts related to the problem shift of the transition to biofuels.
Utilizing this procedure of scaling, the problem shifting analysis will aim to assess the

magnitude of each shift in this manner.

The problem shifting section will conclude by highlighting the connection between the
Convention, the mechanism through which the measure occurs, and the resulting
implementation of the measure on a global scale. This analysis of the impacts will not
conclusively determine the occurrence of problem shifting in each country’s case; however, it
rather aims to highlight the problem shift that can result from the implementation of the
highlighted measure. Thus, for the countries which have implemented a problem shifting

measure, they stand at a risk point where they could experience the highlighted impacts.

The results section will be structured as follows, firstly, the insights found regarding sub-
question one will be covered. Whilst the first sub-question aims to identify which measures
have been implemented, many other insights regarding implementation rates, most used
strategies or most targeted mercury sources will be provided. Following this, sub-questions two

and three will be answered together within the same section. This section will cover each of
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the problem shifts identified via the SSLR. Each problem shift will be discussed individually,
highlighting the measure that induced the shift, the connection between the Convention in that
measure, and the resulting implementation rate of such. Additionally, the mechanism through
which the problem shift occurs is outlined, followed by the impacts of the shift. Finally, the
criteria from the qualitative EIA will be used to scale the level of the impacts based on intensity

and extension, rounding off the analysis.
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Results

Implementation Measures

To answer sub-question one: Which measures have been implemented by countries in response
to the Minamata Convention, the content analysis of the national reports was conducted in
order to identify and extract the 1100 implementation measures that were reported by the 123
countries which submitted their reports. As a result of the content analysis, the 1100 measures
consisted of the targeting of 28 types/sources of mercury, alongside the utilization of 20 types
of measures to combat the aforementioned sources of mercury (definitions for both are
provided in Annex B). Highlighting the prevalence of each type of mercury and measure,
figures 2 and 3 present the most targeted forms/sources of mercury and the most used strategies

to combat the sources of mercury.
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Figure 2: Overview of Mercury Types
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Figure 3: Overview of Measure Types

Firstly, as a result of the Convention, the most targeted sources of mercury are dental amalgam,
elemental mercury, and mercury added products (MAPS), with 140, 119 and 98 measures being
implemented in response to each respectively. The high occurrence of measures being
implemented for these sources of mercury can be due to a multitude of factors. Firstly, some
sources of mercury have multiple response mechanisms which can be used simultaneously. For
example, in the case of dental amalgam, diverse mechanisms include but are not limited to, the
prohibition of, regulation to the encapsulated form, and the requirement for the installation of
separators. The multitude of mechanisms which can and are used, results in a high response
rate to combat this source of mercury. Furthermore, a high potential of danger can also result
in the high occurrence of measures being implemented in response, as seen in the case for
elemental mercury. Finally, another rationale behind the high occurrence of measures can be
the widespread utilization of a certain source of mercury, such as in the case of MAPs, with
the many and diverse types of products in which mercury is used. Despite the multitude of
factors, the fact that these sources were the most targeted symbolizes a universal concern over
the potential dangers that they pose for human and environmental well-being, and that action

must be taken to alleviate those dangers.

Regarding the actions taken, as identified in the analysis, the most commonly used measure to

manage the various sources of mercury is a prohibition, consisting of 271 measures, or 32
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percent of all measures. This result highlights a logical correlation between the measures
implemented and the objectives of the Convention, as the central goal is to reduce/eliminate
the usage of mercury, with one of the most direct ways of doing so is through a direct
prohibition or the phase out of its usage. Furthermore, considering the various types of mercury
that are targeted (products, uses of mercury, or forms of mercury), the direct prohibition of

such is a direct method to avoid any further consequences related to those sources of mercury.

The second most used type of measure is a regulation, with 128 measures, and 15 percent of
total implementation. The high usage of this approach can be due to the expansive nature of
the definition of regulations, as they entail a broad rule set or list of actions taken. The definition
of regulation provided in this research highlights a comprehensive and general approach for
regulatory action. The observed high usage within the implementation measures highlights its
broad applicability in the management of mercury, with regulations being used in response to
52 percent of the sources of mercury. Whilst the more general nature of regulations challenges
the understanding of what is actually being implemented, they entail a “softer” form of policy
in comparison to a prohibition (Brennan and Brooks, 2011), in which rules, principles or

guidelines around the usage of mercury are established.

Following a similar form of “softer policy”, the third most used measure type is a limit,
consisting of 101 measures or 11 percent of implementation. A limit in this research
characterizes a limitation on the usage of mercury, or the amount of mercury which can be
released during a specified process. This approach has been observed primarily to be used in
the context of the limitation of mercury emissions associated with the industrial installations
mentioned in Article 8 of the Convention (Releases of Mercury). This approach, like
regulations, establishes a set of rules which must be followed, allowing for the continuation of
certain processes to occur, but under stricter conditions. The high utilization of this approach
symbolizes an inability to stop certain processes which utilize/produce mercury, thus the

central action taken is to reduce the amount of emissions as much as possible.

The rest of the types of measures, whilst combined only consist of a third of measures
implemented, still serve their unique purposes in terms of managing the many ways in which
mercury is currently utilized within our global system. Whilst not actively used in the rates
shown with prohibitions, regulations, and limitations, each of the measures do have their own
objective which contributes to the goal of mitigating mercury usage and the impacts that stem

from that.
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To expand upon the mercury sources, alongside the types of measures identified within the
content analysis, table 8 presents an in-depth perspective of the implemented measures. To do
so, the results are structured by mercury source, followed by the various types of measures
utilized to combat that source of mercury (times implemented in parentheses). Furthermore,
information regarding the articles in which the measures were implemented is presented,
alongside the sum of measures implemented in response to each source of mercury, and the

continental distribution of that implementation.
Table 8: Overview of Mercury Types, Methods of Intervention, and Implementation

* Symbols (E), (ME) and (I1) as a prefix before some measures regards emissions, mercury emissions

and industrial installations respectively

Mercury Measures Articles = Implementat Continental
Source ion Distribution
Acetaldehyde Prohibition 5.2 10 1-AF 2-AS 7-EU
MA Batteries Life Cycle (1) 4 2- AF 6-AS 13-

and Limit (10) 4.4 27 EU 2-NA 4-SA
Electronics Prohibition (12) 4.5

Regulation (4)

Alternatives (3)

BAT (1) 6- AF 1-AS 15-
Chlor-Alkali Decommissioning (5) 5.2 26 EU 1-NA 3-SA
Prohibition (14)
Tools (3)
MA Cosmetics =~ Content Limitation (3) 8.2 16 4-AF 6-AS 2-EU
Prohibition (13) 3-NA 1-SA
Awareness (6)
Alternatives (29) 4 26-AF 41-AS 56-
Dental Content Limitation (13) 4.2 140 EU OC-19-NA 7-
Amalgam Life Cycle (15) 4.5 SA
Prohibition (52) 9
Regulation (20)
Dental Alternatives (10) 4.3 28 7-AF 4-AS 8-EU
Facilities Life Cycle (18) 11 7-NA 2-SA
(E) BAT (4)
(E) Limit (8)
Cement (E) Regulation (2)
Clinker (E) Tools (5) 4-AF 7-AS 26-EU
Production Inspection (1) 8.2 46 5-NA 4-SA
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Mercury
Source

Coal Fired
Industrial
Boilers

Coal Fired
Power Plants

Smelting and
Roasting

Waste
Incineration
Facilities

Hazardous
Chemicals

Hazardous
Chemicals

Hazardous

Measures

(1) BAT (9)
(1) Authorisation (3)
(ME) Limit (11)
(ME) Regulation (3)

(E) Limit (6)

(E) Regulation (4)
(11) Regulation (4)
(ME) Limit (11)
(ME) Regulation (2)
(ME) Tools (2)

(E) BAT (4)
(E) Limit (4)
(E) Regulation (5)
(E) Tools (4)

(11) Decommissioning (2)
(1) Regulation (4)
(ME) Limit (4)
(ME) Regulation (3)
(ME) Tools (5)

(E) Limit (3)

(E) Regulation (6)
(ME) BAT (5)
(ME) Limit (2)

(ME) Regulation (3)
(ME) Tools (5)

(E) BAT (6)

(E) Limit (5)
(E) Regulation (9)
(E) Tools (4)
(11) Regulation (4)
(ME) BAT (2)
(ME) Limit (13)
(ME) Regulation (2)

Authorization (2)
Labeling (1)
Management (7)
Regulation (4)
Storage (9)

Implementation of Basel
Convention

Implementation of EU

Articles = Implementat

1on
8.2 25
8.2 35
8.2 24
8.2 45
10
11 23
11 25
11 17

Continental
Distribution

3-AF 6-AS 12-EU
1-NA 3-SA

4-AF 8-AS 19-EU
2-NA 2-SA

1-AF 3-AS 16-EU
1-NA 3-SA

6-AF 8-AS 21-EU
4-NA 5-SA 1-0C

2-AF 11-AS 1-EU
1-NA 8-SA

5-AF 7-AS 8-EU
2-NA 3-SA

17-EU
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Mercury
Source

Chemicals

MA Lamps

MA
Measurement
Devices

MA Medical
Devices

Mercury
Added
Products

Elemental
Mercury

Oral Health

MA Pesticides

Polyurethane

Mercury
Releases

Measures

Regulation 2017/852

Alternatives (4)
Content Limitation (3)
Prohibition (12)
Regulation (7)

Alternatives (2)
Authorization (1)
Discontinued (2)
Prohibition (13)
Regulation (1)

Prohibition (4)
Regulation (1)

Authorization (8)
Alternatives (3)
Awareness (4)

Limit (3)
Prohibition (59)
Regulation (21)

Alternatives (3)
Authorization (8)
Awareness (6)
Disposal (5)
Life Cycle (2)
Limit (4)
Management (11)
Prohibition (40)
Regulation (12)
Storage (21)
Transport (7)

Awareness (12)
Prevention (10)

Alternatives (1)
Content Limitation (2)
Prohibition (15)

Limit (1)
Prohibition (8)

Limit (10)
Reporting (2)
Standards (5)

Articles = Implementat

4.4
4.5
11

4.4

4.4

4.4
4.5
11

4.3
4.4
4.5

10
11

4.3

5.3

1on

26

19

98

119

22

18

17

Continental
Distribution

8-AF 10-AS 1-EU
4-NA 3-SA

2-AF 11-AS 2-EU
3-NA 1-SA

1-AF 1-AS 1-EU
1-NA 1-SA

15-AF 23-AS 40-
EU 11-NA 7-SA
2-0C

12-AF 35-AS 43-
EU 18-NA 10-SA
1-0C

7-AF 2-AS 7-EU
4-NA 2-SA

2-AF 8-AS 2-EU
2-NA 4-SA

1-AF 1-AS 7-EU

2-AF 5-AS 6-EU
1-NA 3-SA
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Mercury Measures Articles = Implementat Continental

Source ion Distribution
Safety Regulations 3 3 2-EU 1-SA
Sodium/Potass Limit (2)
ium/Methylate/ Prohibition (7) 9 9 9-EU
Ethylate
Specified Authorization 8.1 1 1-AS
Processes
Vinyl Chloride Prohibition (12) 5.3 14 4-AS 10-EU
Alternatives (2)
Mercury Disposal (4) 4-AF 10-AS 6-EU
Waste Management (15) 11 24 1-NA 3-SA
Transport (5)
Article 4 (7)
Article 4.3 (12)
Article 4.4 (7)
Avrticle 4.5 (13)
Unclear Article 5.1 (12)
Regulations Article 5.3 (3) 185

Avrticle 8.1 (2)
Article 8.2 (50)
Article 9 (14)
Avrticle 10 (10)
Article 11 (16)

Article 4 (14)
Avrticle 4.3 (5)
EU Regulation Avrticle 4.4 (9)
2017/852 Article 4.5 (13) 57
Acrticle 5.1 (3)
Article 5.2 (10)
Article 5.3 (3)
Article 8.2 (14)

Total 1113 125-AF 216-AS
338-EU 83-NA
80-SA 5-0C

Table 8 presents the 120 grouped measures, defined earlier, in a condensed format. The various
combinations between sources of mercury and measures used are presented. Regarding the
prevailing observations that can be made, in a very basic sense, the main sources of mercury
come in the form of products or processes. This framing supports a broader correlation that can

be made between the sources of mercury and the most commonly used management responses.
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In terms of products, mercury sources such as MAPs, dental amalgam, electronics are all
included. To manage mercury from these sources, the standard measures that have been applied
include prohibitions, content limitations and regulations. The correlation between products and
these types of measures highlights the ambition to realize a full transition away from the usage
of mercury within products. Whilst a prohibition highlights a direct shift away, content
limitations and regulations provide a period in which this transition can progressively occur.
Ultimately, the goal is to eliminate these products from the market to avoid any negative
impacts that these products cause. On the other hand, for processes such as waste incineration,
vinyl chloride, and chlor-alkali production (mainly actions from Articles 5 and 8), the measures
that have been applied include regulations, limits, BAT and tools. In this instance, this
correlation presents a shift towards safer standards in which mercury is released or utilized. For
these processes, the continuation of mercury releases has been deemed to be inevitable, thus
the approach taken has been to minimize the releases from these sources via the utilization of

best available technologies, and tools.

Alongside the correlative aspects between sources and measures highlighted in table 8, further
insights regarding the continental distribution and rates of implementation are present. Below,
figure 4 presents the response rates per continent for the Convention, the percentage of the total
measures which each continent has produced, alongside the response rates per article of the

Convention.

B Rate of Implementation [l Percentage of Total Measures Implemented
60%

40%

20%

0%

AF AS EU NA oc SA 0% 20% 40%

Figure 4: Continental and Article Implementation Rates

* Chart on left depicts the continental implementation rates, Chart on Right highlights the

implementation rates per article of the Convention
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Figure 4 highlights some important aspects of the research. Firstly, the total implementation
rates across the various articles of the Convention and across all of the continents sits at
approximately 37 percent on average. Generally speaking, time is necessary for the adoption
of national policy after the ratification of MEAs (Nys et al., 2007), based largely on nationally
contingent variables. Taking factors into account such as national capacity, and also instances
in which certain practices are not present within countries, 37 percent is a decent
implementation rate, early into the progress of the Minamata Convention. As highlighted by
the bar chart on the right, it has been shown that articles 4, 8 and 10 have the highest
implementation rates, symbolizing that mercury added products, emissions sources and the
storage/trade of mercury are the most targeted aspects, aligning with the findings previously
identified.

Europe, Asia and South America have also been found to have the highest response rates for
all articles in the Convention. However, there is a slight disparity between the continental rates
of implementation and the percentage of total measures implemented. In the case of South
America which achieved an implementation rate of 42 percent, only has 9 percent of the total
measures implemented, similarly observed in the case of North America. This can be due to
either a lower number of countries on the continent compared to others, as well as fewer
measures being established by countries per article. This finding highlights the need to show
increased attention to the rates of implementation rather than the percentage of total measures
implemented, as the former better highlights the progress made by the various regions of the
world. Based on this understanding, Europe, Asia and South America have currently taken the

most action to combat mercury.

To conclude, the implementation of the Minamata Convention has resulted in a large global
response, in which over 1100 measures have been implemented to regulate mercury in the
many forms it exists in. The primary measure type utilized to regulate the 28 identified sources
of mercury has been a prohibition. Furthermore, the correlations between the two primary
forms of mercury and types of measures used to combat them, highlight the capability to
alleviate future concerns of mercury products, but a continuous concern over processes which
include and release mercury. Whilst the effectiveness of the policies has not been assessed, the
ratification of the Minamata Convention has highlighted a significant global effort in which

the impacts of mercury are aimed to be mitigated. The following section will shine light on
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some of the potential pitfalls of this global effort, and highlight the adverse impacts that this

implementation can result in.
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Problem-Shifting Measures

The previous analysis provided insights into the 1100 measures that have been established in
response to the Minamata Convention, highlighting the immense global action to tackle
mercury. However, through the conduction of the SSLR, which resulted in 84 articles and
reports, eight measures established in the Minamata Convention have been identified to
potentially induce problem shifting. As a result, of the 1100 individual measures, 271 can result
in some form of problem shifting, resulting in detrimental environmental, financial,
physiological and social impacts. Within this section, sub-questions two and three will be
answered by highlighting the problem shifts, how they occur, what type of impacts are felt and
the magnitude of those impacts. This section will conclude with an overview of all eight shifts,

their mechanism of occurrence, and impacts resulting from each.

Prohibition of Dental Amalgam

Based on the results of the SSLR, the prohibition of dental amalgam has been found to induce
a financial and a physiological problem shift. Dental amalgam is a cheap and widely used dental
filling material, however, due to the mercury within its composition, actions have been taken
to reduce its usage. The implementation of prohibition of amalgam results in the immediate
transition towards alternative dental filling materials, which have been found to have varying

financial and physiological impacts onto consumers.

Firstly, the financial concerns related to alternatives are due to a multitude of factors, in which
the costs are largely displaced onto the consumers. The currently studied alternatives to dental
amalgam are resin-based composites (RBC) or glass-ionomers. The usage of these alternatives
is more costly, due to the higher material costs, pricey adjunct technologies necessary to utilize
RBC, and the necessity to teach the new filling procedures to dentists (Mulligan et al., 2018).
Furthermore, the time taken to complete a procedure can last up to three times as long, also
resulting in an increased price for consumers. Due to the forced transition to these alternatives,
the price increase for consumers has been found to be at a minimum of 50 USD/Euro
(Harjunmaa and Auero, 2019). In a U.S. study, a nationwide ban on amalgam, would result in
15 million fewer restoration procedures due to the change in cost (Beazoglou et al., 2007). This
transition is further exacerbated due to the lack of financial support from insurance companies
which may not support the usage of alternatives over amalgam (McGrath, 2013; Maag et al.,

2007). The increased price of dental care results in a heavy financial burden on consumers
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(Aggarwal et al., 2019), primarily those of lower socio-economic status, and due to the
financial concerns, the avoidance of treatment can result in physiological impacts to the

patients.

Alongside the present financial concerns that arise with the prohibition of dental amalgam, a
further physiological shift to consumers is also induced. Due to the increased financial
concerns, patients have been shown to either out of treatment (McGrath, 2013), or to choose to
extract the tooth (Aggarwal et al., 2019; Maag et al., 2007). In either case, patients are faced
with a degradation in the quality of their oral health, which is shown to have lasting impacts
on their quality of life (Alzoubi et al., 2017; De La Fuente Hernandez et al., 2015). The
adjustment to the increased cost of restorations is more difficult for lower-income families,
which already have a higher prevalence of oral disease, thus, the avoidance of treatment will
worsen their conditions, and widen the oral health disparity between economic groups
(Beazoglou et al., 2007). Aside from the financially related physiological impacts, other health
impacts related to the alternatives are present. RBC and glass ionomers have been shown to
have a reduced quality of fillings, and a reduced longevity, which results in the degradation of
the filling, and the increased need for repeated fillings (Aggarwal et al., 2019). Degraded RBC
has been shown to have potential health risks on consumers which are of concern, alongside
polymer resins, as another alternative, which has been shown to potentially result in the growth
of microorganisms existing in the fillings, leading to oral infections (Sattar, 2020). The

increased need for repeated fillings also feeds into the financial concerns related to treatment.

The identified problem shift results in financial and physiological impacts, however, as these
two factors are highly interrelated, due to the physiological health impacts being the end result
of the shift, the physiological impact will be used as the problem shifting factor for scaling the
intensity. Based on the high potential for the decrease in observed fillings, alongside the other
physiological impacts of alternatives, the prohibition of amalgam would have a medium impact
on the physiological health of citizens. In regard to the criteria of extension, due to the
widespread usage of amalgam around the globe, and highest usage amongst lower-income
groups, the extension of this problem shift would be partial amongst the entire population, and

widespread for lower income groups.

As a result of the Convention, as targeted in Article 4, paragraph 3, 168 measures have been
implemented related to the process of phasing out dental amalgam. The usage of alternatives

(39), usage of the encapsulated form of amalgam (21), the installation of amalgam separators
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(34), increased education to minimize the need for restorative action (6), minimizing its usage
(14) or the prohibition/immediate phase out of amalgam (51), have all been used as methods
of achieving this goal. Of these actions taken, the prohibition of dental amalgam has been
shown to induce the aforementioned financial and physiological impacts. Below, the countries

which have chosen to implement this measure are presented in figure 5.

Figure 5: Global Implementation of Prohibition of Dental Amalgam
(Legend: Blue = Phase Out, Orange = Prohibition, Green = Prohibition for Under 15 and Pregnant Women)

Amalgam is a widely used treatment option around the world, with 85 percent of middle to
lower income countries utilizing it (World Health Organization, 2018). Within all countries,
amalgam is primarily utilized by lower income groups due to its lower cost and overall
effectiveness (Smith et al., 2022; Mackey et al., 2014). The widespread implementation of the
prohibition of dental amalgam exhibits a large concern for the financial and physical well-being
of patients within the highlighted countries. Countries can and have been able to alleviate some
concerns through the utilization of supporting policies such as the elimination of preferential
insurance policies for amalgam. However, in large part, the prohibition of amalgam has a
substantial impact on the lower-income communities within the countries which have chosen

to implement the measure.
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Prohibition of Mercury Added Products

The prohibition of Mercury Added Products (MAPs) has been shown to induce a delayed
environmental impact, fitting the categories of a temporal and environmental problem shift.
Mercury is utilized within a multitude of products, as such, they have been targeted by the
Convention to remove them from circulation. The implementation of the prohibition of MAPs
displaces attention away from the end-of-life management of the products, which indirectly
results in the continuation of mercury pollution, encompassing a temporal and environmental

problem shift.

The prohibition of MAPs is a long-term solution, in which the issue of future entries of MAPs
entering our supply chain is resolved. Whilst the generation, transport and utilization of MAPs
is managed by this approach, the disposal phase is largely under addressed, resulting in the
many mercury containing products currently within our system being unmanaged. Highlighting
the presence of this issue, complications within the disposal phase, and the extended

consequences of mismanagement are presented.

For the majority of MAPSs, the disposal phase is the predominant life-cycle phase in which
mercury enters the environment via air, water, land, waste and sector specific disposal
pathways (Martinez, 2023). The adequate separation of mercury from the products is a highly
complex process. For compact fluorescent lamps, there is a seven-stage process to adequately
recycle all components, involving multiple companies (Binnemans and Jones, 2014), and for
other products, a multi-sectoral, highly coordinated system is necessary. Regardless of the
financial capacity of developed or developing nations, all countries face similar issues
regarding the coordination of bodies to sufficiently separate mercury from the waste of
products. In the case of developed countries, issues are present within areas of awareness
raising, funding and coordination which are all necessary to avoid mercury from entering the
environment (M. S. Smith and Gray, 2010). On the other hand, in developing/middle-to-low-
income countries, 80 percent of mercury containing e-waste is handled through informal
“backyard recycling”, in which the improper management system results in mercury entering

the environment (Basu et al., 2023; Cheng and Hu, 2012).

The prohibition of MAPs has been estimated to result in a reduction of usage by 70-95% in
2035 compared to 2010 levels (Pacyna et al.,2016; Habuer et al. 2019). Due to some essential

uses of mercury, mercury is shown to be present in products up until 2050. Whilst there is a
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significant reduction in the consumption of MAPs, in both studies, the anticipated recycling of
products was capped at 25 to 40 percent for Habuer (2019) and Pacyna (2016) respectively.
This limitation in the expansion of recycling inherently results in the majority of waste being
landfilled, where mercury will enter the environment. As of 2015, the global demand for
mercury in MAPs is between 900 to 1350 tonnes (UN Environment, 2017), if
disposal/recycling remains at the anticipated 25-40 percent, the release of the remaining

mercury into the environment is devastating.

Alongside the global lack of sufficient disposal processes for MAPs, the prohibition of MAPs
also doesn’t completely resolve the issue of their presence within our system. Countries such
as Japan have already taken the approach to remove MAPs from their system and have
managed to dissipate mercury usage quite sufficiently. However, despite this, MAPs are still
found to be the second largest contributor of mercury waste in their case, with approximately
7.6 tons of mercury waste from products being produced annually. (Takaoka, 2015). Despite
the prohibition type measures, there is an apparent time lag that exists between products in
usage and their eventual disposal. Whilst unique for each MAP, the approximate lifespan of
products is around 10 years (Baldé et al., 2018), thus, with the little anticipated change in

recycling patterns, much of the mercury waste is destined for landfills.

In the likely and worst case for MAPs to enter a landfilling facility at their end-of-life, the
release of mercury into the environment is inevitable (Ryan-Fogarty et al., 2023; Qi et al., 2017;
Chakraborty et al., 2013), resulting in a significant contribution to global mercury emissions
(Gworek et al., 2015). Leachate from landfills is a significant source of mercury emissions,
which can impact those in the surrounding environment via various pathways of soil, water, or
air exposure (Leeetal., 2016; Nevondo et al., 2019; Zhengkai et al., 2017). Furthermore, across
extended timespans (50-1000 years), the danger that mercury leakage presents to groundwater
quality and human health is “substantial and unacceptable” (Xu et al., 2018), exemplifying the

lasting impacts that the mismanagement of the disposal of mercury products has.

This measure has shown to induce a temporal and environmental problem shift. Due to the
environmental impacts being the end result of the shift, the assessment of the intensity will be
based on the environmental factor. Because of the long-term impacts that the avoidance of the
disposal process has, due to the mere implementation of the prohibition of MAPSs, the intensity

of this problem shift is high. The unknown nature of the potential amount of mercury leakage
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into the environment in the future results in a very high level of intensity not being given.
Moving onto the extension of the impact, due to the extensive capacity for mercury to distribute
itself throughout the environment, alongside the widespread nature of the lack of disposal

processes for MAPs, there is a widespread extension of the impacts.

To conclude, the approach to prohibit MAPs inadvertently divides attention away from the
management of mercury waste, which results in a continuous and lasting release of mercury
into the environment. As a result of Article 4, Paragraph 1 of the Convention, 47 countries have
chosen to implement prohibitions regarding all products, including batteries, switches and
relays, specified lamp types, cosmetics, pesticides, biocides and topical antiseptics, alongside
specified measurement devices. These countries which have chosen to implement this measure,
without proper end-of-life policies, inadvertently contribute to a lasting pollution process of

these products. Below, figure 6 highlights the global implementation of this policy.

Figure 6: Global Implementation of Prohibition of MAPs (including lamps)

The countries highlighted in green within figure 6 have chosen to fully prohibit the
manufacture, usage and transport of MAPs. Despite nearly all nations regulating MAPs in some
manner, the attention diverted away from the end-of-life management results in lasting
environmental impacts related to mercury pollution, wherever the waste of products is disposed

of.
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Prohibition of Mercury Added Lamps

Separate from the prohibition of other MAPSs, the prohibition of mercury-added lamps has been
shown to induce an environmental problem shift, related to the alternatives of the product. The
transition to the existing alternatives of incandescent bulbs or LEDs results in the subsequent
increase in energy consumption, or increase in rare-earth mineral consumption respectively,

both of which negatively impact the environment.

The prohibition of mercury-added lamps directly targets the usage of CFLs or compact
fluorescent bulbs (for domestic use). CFLs are a widely used bulb type as they are inexpensive,
energy efficient, and have high lighting parameters. Whilst CFLs have these positive attributes,
they contain mercury within them, which is essential to their functioning. Whilst many suitable
and mercury-free alternatives exist for many of the other Annex A listed products (MAPS)
(Friesen, 2007), the same cannot be held for lamps. The countries which have implemented
this prohibition are forced to choose between two potential alternatives, either incandescent
bulbs, or LEDs.

Firstly, a transition towards incandescent bulbs from CFLs would result in a sharp increase in
the energy consumption within the global lighting industry, consequently increasing emissions.
Unlike with other MAPs, the stage of life which holds the majority of environmental impact
savings is the usage stage of bulbs (Principi and Fioretti, 2014). Whilst incandescent bulbs are
the most common type of bulb used around the world, primarily due to their low cost, they are
accompanied with high energy consumption and heat production. Highlighting the energy
savings that are provided with CFLs, in the case of China, the transition towards CFLs (from
incandescent bulbs) could induce a 75% reduction in cumulative mercury emissions due to the
decreased energy consumption (Hu and Cheng, 2012). On a large scale, the type of bulb utilized
holds a greater environmental impact than generally foreseen. Globally, lighting constitutes 20
percent of energy consumption (UNEP, 2013), signifying the large influence this industry has,
and the impact that the type of bulb used holds on a larger dynamic. The exchange in energy
consumption also holds a significant financial impact on homeowners. The transition to CFLs
(from incandescent bulbs) can result in an 82 percent reduction in electricity bills
(Khorasanizadeh et al., 2015).

Conversely, the transition to LEDs has been found to be the better alternative to CFLs, as

promoted by the Convention. However, two primary concerns arise with LEDs, that being the
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resource consumption that a large-scale transition would demand, alongside financial concerns
of the technology. Firstly, a large-scale transition towards LED bulbs can place pressure on
global resource consumption “due to the insufficient availability of silver, gold, antimony, and
copper resources” (Lim et al., 2013, p.1044). The total resource requirement of LEDs is twice
that of CFLs within the production stage, due to the high necessity of aluminum, copper,
antimony and gallium (Kosai et al., 2021). A large-scale, rapid transition to LEDs will induce
a high material consumption compared to CFLs (Bergesen et al., 2016), resulting in the

potential expansion of detrimental mining practices.

Whilst LEDs are more energy efficient than CFLs, are mercury-free, and have a longer lifetime,
the high implementation cost deters consumers to transition to this bulb type (Hu and Cheng,
2012; Sangwan et al., 2014). For individual consumers, the payback period for adopting LEDs
compared to CFLs is 6-9 years, resulting in some resistance to the adoption of this bulb type
(Khorasanizadeh et al., 2015; Vahl et al., 2013). Higher-income households compared to lower-
income have been shown to be more capable to invest in residential environmentally friendly
improvements (Leelakulthanit, 2014). Whilst in the long-term, LEDs offer a higher savings
potential, the upfront cost of the bulb results in this alternative being inaccessible for some
communities, resulting in a delayed transition, or a transition back to incandescent bulbs, which

have been shown to have the worst environmental impact of the bulb types.

As this measure induces an environmental problem shift, the intensity of it will be based on the
environmental factor. This problem shift is multi-directional, in which two alternatives can be
chosen, both with diverse impacts related to which pathway is chosen. However, considering
the higher likelihood for LEDs to be chosen, due to their decreased cost in recent years and
increased availability, the environmental factor will be determined based on a transition to
LEDs. The prohibition of MA lamps results in the increased consumption of rare earth minerals
needed for the production of LEDs, however, there is a decrease in energy consumption, thus
the intensity of this problem shift is likely to be low. The intensity of the environmental impact
is also determined by the availability of effective recycling processes, however, simply based
on the transition to this alternative, the intensity is low. Furthermore, the extension of this
impact would be widespread, due to the widespread usage of CFLs and necessity for them to

be replaced following the prohibition of MA lamps.

The prohibition of mercury-added bulbs has been shown to induce an environmental problem

shift, related to the energy consumption of incandescent bulbs and resource consumption of
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LEDs. Financial complications associated with the adoption of LEDs may induce an increased
transition rate back to incandescent bulbs, which worsens the environmental impacts of the
lighting industry. The prohibition of mercury-added lamps is included in the categorization of
MAPs provided in Article 4, Paragraph 1 of the Convention. Likewise, the countries which
have implemented the prohibition of MAPs, include mercury-added lamps within their
prohibition. Figure 6 presents the same implementation of the prohibition. Those countries
implementing this measure are inadvertently contributing to these shifts. Whilst the global
impacts are based on nationally contingent, and consumer-contingent variables, the widespread

need and usage of lamps makes these shifts of great concern.

Prohibition of International Mercury Waste Transport

The prohibition of mercury waste transport has also been shown to induce a locational problem
shift, in which the problem is transferred from one location to another. The intention of this
prohibition is to avert the occurrence of the transport of waste, so that the countries in which
the waste is produced must also manage such. This prohibition however, results in the
unintentional increase in noncompliance of businesses/organizations to follow the according

measures.

The implementation of regulatory policies for the trade of varying sources of waste can lead to
unintended increase in the illegal transport of waste, or the illegal dumping of such waste
(Parajuly and Fitzpatrick, 2020). Whilst many forms of illegal transport exist, such as the
mislabeling, mixing of wastes, or transport without consent, they all violate the principles of
legal waste transport set forth. Highlighting the incidence of the unintended increase in illegal
waste transport, is the Basel Convention. In this case, the implementation of such has been
insufficient in the management of illegal trading of e-waste and other hazardous wastes (Patil
and Ramakrishna, 2020; Andeobu et al., 2021). After the establishment of regulatory policies
within the Basel Convention, studies have identified the likely increase in illegal transport (Um
etal., 2023; Shamim et al., 2015). As of the Minamata Convention, some countries have either
chosen to use the Basel Convention as their regulatory response, or the prohibition of the
transport of waste, which follows a similar fashion of policy. However, as shown, both are

likely to result in the increase in illegal trafficking of mercury waste or mercury containing
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waste. As a result of such, approximately 25 percent of the current transport of waste is illegal
(Parajuly and Fitzpatrick, 2020).

With the implementation of the prohibition of international mercury waste transport, an
observed increase is shown in the illegal transport of waste. This transport of mercury
containing waste results in the locational transfer of the impacts related to the management of
that waste. Mercury waste is primarily transported within the waste content of electronics,
stemming from developed to developing countries (Patil and Ramakrishna, 2020; Maes and
Preston-Whyte, 2022). 75-80 percent of e-waste generated in developed countries is
transported to Asian and African countries (Arya and Kumar, 2020), and is largely done in an
illegal manner (Andeobu et al., 2021; Ilankoon et al., 2018). The regions of Central and South
America, Central and West Africa, alongside Southeast Asia, are the primary destinations of
the waste, which also results in those areas facing the many environmental impacts involved
with such. These regions in which mercury waste is transported to is often handled in an
improper manner, resulting in the eventual leakage of mercury into the environment (Lebbie et
al., 2021; Palmeira et al., 2018; Kapoor et al., 2021).

Mercury has a large potential for long-distance travel through air or water streams, so if
informally managed, extended and irreversible consequences can occur to the local and
regional environment (K. Liu et al., 2023). With a greater area being exposed to mercury
contamination, extended risks to humans are far more present. The observed societal and health
related impacts of mercury are highly interrelated. Firstly, those working within close
proximity to mercury waste face risks related to mercury exposure via either direct contact, or
leakage (Purushothaman et al., 2021). Impacts related to mercury exposure can include the
degradation of developmental and endocrine systems, along with ill effects on bone, kidney,
reproductive and nervous system health (Kapoor et al., 2021). Children working in the e-waste
industry are especially in danger due to the increased impact mercury has on their development
(Kapoor et al., 2021).

The prohibition of mercury waste transport has induced a locational shift in the environmental
impacts of mercury management; thus, the intensity of this shift will be evaluated based on the
environmental factor. This problem shift increases the illegal rate of transport, but it has not
been identified if the total rates of transport have decreased. Nevertheless, this increase in
illegal transport also decreases the quality of the disposal process resulting in higher mercury

leakage rates, therefore the intensity of this impact is medium/high. Because the nature and rate
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of mercury leakage is not fully known, which is also inhibited due to the lack of data on the
rates of current illegal transport, a medium/high intensity is justified for the environmental
impact of this shift. In terms of the extension of this impact, due to the impacts being felt across
large waste destination areas of South America, West Africa and Southeast Asia, the impact is

widespread.

The prohibition of the transport of waste has been shown to be ineffective in its goal, resulting
in the locational transfer of the impacts of mercury waste management. As the primary concern
of Article 11 of the Convention, each party should take measures to manage mercury waste in
an environmentally sound manner, alongside prohibiting its movement across international
boundaries. Pursuant to this section of the Convention, 33 countries have chosen to prohibit
the transport of waste, 25 of which chose to directly utilize the Basel Convention as their
management approach. Below, figure 7 highlights the global implementation of this measure,

alongside presenting the areas impacted by the problem shift.
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Figure 7: Global Implementation of the Prohibition of International Mercury Waste Transport
(Legend: Green = Implemented, Red = Impacted Areas)

As shown in figure 7, there is a wide distribution of countries which have implemented a
prohibition on the transport of mercury waste. Europe shows the highest rate of
implementation, followed by Asia and then South America. Whilst countries such as China,

Argentina and Nigeria, which are often destinations of waste, despite the prohibitions, as shown
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in the case of China (1.16 MN tonnes of illegal waste from Europe imported in 2012 (llIés and

Geeraerts, 2016)) they are likely unable to subvert the importation of such.

Implementation of Extended Producer Responsibility

The implementation of extended producer responsibility, an approach used to regulate the
generation of mercury waste, has been shown to induce a management and locational problem
shift. Extended producer responsibility entails that the producer, user, or generator of waste, is
responsible thereof, including the associated costs, and must manage such mercury waste in an
environmentally friendly manner. EPR has been regarded as a commonly accepted strategy for
waste management liability, and an effective form of harmonizing the waste management
system (Steenmans, 2019; Arya and Kumar, 2020). However, the displacement of
responsibility from a more overarching governmental sense to individual responsibility, can
lead to complications in the effective management of that waste. These complications can

ultimately result in the insufficient management and transfer of waste to other regions.

The transfer of the waste is largely resultant of the many complications and challenges that
exist within the implementation of this measure. Firstly, issues persist within the financial and
technical capacity to implement such systems. Developed countries such as the U.S. and
Canada have been able to apply EPR/producer-pays-principle to ensure the responsibility of
corporations to manage their waste. Regardless of the technical capacity to implement this
measure, a large financial burden generated by its implementation exists. Conversely,
developing countries are unable/unlikely to implement such policies due to the lack of both
financial and technical capacity (Diaz et al., 2020; Story and Yalkin, 2014). Furthermore, the
effective implementation of EPR requires a high level of coordination between multi-sectoral

bodies, a lack of which can result in the mismanagement of waste.

The technical, financial and organizational struggles associated with the implementation of
EPR can inadvertently increase the rate of waste selling (J. Liu et al., 2020), or the illegal trade
of waste (Gunarathne et al., 2020). The high-regulatory standards of recycling within
developed countries, and the high costs associated with such, induce the high rate of waste
transportation (K. Liu et al., 2023), to developing countries with lower regulatory standards,
and for a fraction of the price (Palmeira et al., 2018). The transport results in waste destination

countries facing the many consequences associated with the management of the waste,
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primarily in the form of environmental, health and social impacts which have been outlined in

the previous problem shifting analysis.

EPR has been understood as an effective form to manage waste generation responsibility, under
the correct conditions. Producer responsible organizations will likely utilize the cheapest
solutions, not the most environmentally friendly (Winternitz et al., 2019). Such decisions result
in the eventual transportation of waste to areas with lower regulatory standards, primarily
developing countries in Africa, South America and Southeast Asia. Those countries are then
burdened with the management responsibility of the waste, resulting in many environmental

and social consequences.

Likewise, to that of the prohibition of mercury waste transport, the implementation of EPR
holds a similar locational shift in the environmental impacts of mercury waste management.
However, as EPR and the resulting transport of waste occurs at a lower frequency, the intensity
of the impact is medium. Whilst the impacts are the same as that of the prohibition of mercury
waste, due to the lower occurrence, the incidence of the action is lower, therefore resulting in
a lower intensity. However, as the destinations of the waste are the same, this problem shift has

the same widespread extension of the impact.

Whilst not directly enforced through the Convention, Article 11 does encourage the
cooperation between organizations and other entities to manage mercury in an environmentally
sound manner. As a result, 20 countries have implemented EPR as a management strategy.
Below, figure 8 will highlight the global implementation of this measure, alongside the impact

areas of the resultant locational problem shift.
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Figure 8: Global Implementation of Extended Producer Responsibility
(Legend: Green = Implemented, Red = Impacted Areas)

As shown in figure 8, Europe has much of the implementation of this measure, largely due to
this measure being included within EU regulation 2017/852, which states the EU member states
should implement EPR within their country. The EU wide implementation of this measure
results in an un-tailored implementation of EPR, resulting in the cheapest options likely being
chosen by organizations, and the eventual transport of waste to the destination countries
highlighted in red.

Requirement to Utilize Emission Control Technologies/BAT

Another measure resulting in a financial problem shift is the utilization of emissions control
technologies, or best available technologies (BAT) to reduce mercury emissions. Due to
existent complications regarding the costs of these technologies, there is an observed resistance

to implementation.

The primary strategies related to the implementation of BAT has been the introduction of end-
of-pipe mercury-specific control technologies. Such technologies include activated carbon
filters, acid gas scrubbers or flue gas desulphurization. The application of such technologies
has been found to be effective in the mitigation of some forms of mercury emissions, however,

much concern is held regarding the costs of the implementation of these control measures (Tian
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et al., 2012; Mader et al., 2001; Joy and Qureshi, 2022). Whilst prices vary based on the
technologies used, and the scale of implementation, the cost of meeting mercury emission
standards can range from 1.05 - 2.07 billion Euros for China (Ancora et al., 2015), to upwards
of 9.6 billion USD in the U.S (Ancora et al., 2016). Developed countries have been found
financially more capable of implementing such technologies, however, this financial barrier

can result in the lack of implementation in developing countries.

“No technology, no matter its applicability and effectiveness, will be implemented if the
economics, including both operating and capital costs, are not weighed” (Pavlish et al., 2010,
p. 840). The observed high costs of implementation have been found to result in hesitancy to
adopt policies. Due to ensuing regulatory standards that would be established, the Australian
government was resistant to ratifying the Minamata Convention (Bramwell et al., 2018). The
increased demand and cost of mercury control technologies complicates the primary objectives
of achieving mercury regulation goals (Rallo et al., 2012; Masur and Posner, 2018; Sjostrom
et al., 2010). Under unpredictable conditions, achieving maximum achievable control
technology standards questions the applicability of these technologies on a larger global scale
(Sikkema et al., 2011). Broadly speaking, complications with the implementation of BAT is of

great concern for many countries.

The financial shift induced by such technologies results in a greater disparity between
developed and developing countries, due to the difference in financial capacity to implement
such control measures (Bartram et al., 2021; Ekholm et al., 2013). In some cases, the imposition
of emissions limit standards can be deemed ineffective, as the penalty cost of exceeding
emissions limits is lower than the implementation cost of the control technologies (Joy and
Qureshi, 2022). Furthermore, the environmental impacts of avoiding implementation are
further exacerbated due to developing countries utilizing fuel sources with higher mercury
emissions (mostly coal) (Steckel et al., 2015). This financial burden results in the delayed or

lack of implementation, and therefore increased environmental impact.

The implementation of BAT induces a financial problem shift, which results in the avoidance
of implementation, therefore resulting in an increase in environmental degradation, due to the
continuation of harmful practices. Under this framing, the intensity of the impact will be based
on the environmental impact of the shift. Due to the disparity in the financial capacity of
countries to be able to implement BAT, the resulting lack of implementation will result in a

medium intensity related to the environmental impacts of such. As these conditions influence
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the decision making of primarily middle-low-income countries, the extension of the impacts is

partial.

Stemming from Article 8 of the Convention, regarding the control of mercury emissions where
feasible, each party shall for new and existing sources use best available techniques and best
environmental practices to control emissions from the relevant sources. As a result, from the
five specified emissions sources (CCP, CFI, CFP, WIF, and SNR), 35 countries have
implemented such measures, and in some cases specified the technologies used. Figure 9 will

highlight the global implementation of the usage of BAT.

Figure 9: Global Implementation of BAT

As shown in figure 9, there is a wide distribution of implementation, with a high rate of
implementation in Europe, followed by scattered implementation across the Americas, Africa

and Asia.

Decommissioning of Facilities that have Utilized Mercury

A unique risk identified for a small community, is the physiological impacts of the problem
shift related to the measure of decommissioning facilities that have utilized mercury within

their processes (chlor-alkali, polyurethane...).

54



Whilst the continuation of running these facilities poses an extended risk of mercury exposure
to humans and the environment (Da Silva et al., 2017), the decommissioning of facilities can
pose equally dangerous hazards. Whilst workers are generally safe during the standard
operation of the facilities, the decommissioning process is a meticulous process which holds
an increased risk for mercury exposure to workers on site (Besson et al., 2012). Whilst proper
standards, and procedures exist, in the case of under-regulated areas (many in developing
countries which face challenges regarding new technologies and unknown hazards), a serious
risk is posed towards the health of workers (Baram, 2009). Furthermore, the management of
the post-decommissioned industrially polluted sites poses many challenges in terms of the
remediation of those areas, which can have an extended timespan for mercury release into the

environment and neighboring communities (Hsu-Kim et al., 2018).

Due to the increased risk of mercury poisoning and other hazards related to the
decommissioning of mercury facilities, the intensity will be based on the impacts on
physiological health. As a result of the aforementioned risks, the intensity of this shift is high.
Due to the low occurrence and minority group that is responsible for these practices, the

extension of this impact is isolated.

Article 5 of the Convention establishes a prohibition on the usage of mercury within specified
industrial processes of Annex B, as a result, in place of utilizing mercury-free technologies, the
countries of Czech Republic, Peru, Portugal, Romania, Senegal, and Uruguay have chosen to
decommission the now obsolete facilities. These countries induce an increased health risk for

those responsible for the decommissioning of the facilities.

As time progresses, there is an expected increase in the decommission of such facilities,
therefore the health-related risks associated with this activity should be of great concern for the
impacted groups of workers. Whilst the problem shifting impact is smaller relative to the
aforementioned measures, in regard to the Convention, such actions are significant and should
be handled in great care to avoid the detrimental impacts associated with the mismanagement

of these sites.
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Prohibition of Mercury in ASGM

Finally, whilst Article 7, concerning artisanal and small-scale gold mining (ASGM), was
excluded from the focus of this research, it must be briefly noted within the analysis on problem
shifting. The Convention requires all nations which have citizens involved in this industry to
draft a National Action Plan in which the steps will be outlined for how mercury usage will be
reduced or eliminated in their case. As a result, currently 24 nations have submitted their plans
for how mercury will be managed in their case. Of the many actions taken, the
removal/prohibition of mercury will induce many lifestyle changes related to possible career
opportunities and financial income (Zolnikov, 2020). Whilst the removal of mercury will likely
resultin a significant increase in the quality of health of workers, and environmental conditions,
unless the transition is done in a manner which can allow the workers to maintain their
livelihood and working status, the nearly 45 million workers globally in this industry could
face negative financial repercussions (Y. Cheng et al., 2023; Mestanza-Ramon et al., 2022).
Furthermore, there are many more dependents on the income from these workers, resulting in
a much larger issue regarding the impacts that would be felt related to unemployment (Hilson
et al., 2018), 80-100 million people rely directly or indirectly on ASGM for their livelihoods
(Spiegel et al., 2014).

Due to the social impacts related to the prohibition of mercury within ASGM, the intensity of
the impacts will be based on the occurrence of joblessness resulting from the measure. Due to
the high number of workers within this industry, and the high consumption and necessity for
mercury within these processes, the intensity related to joblessness because of the prohibition
of mercury is medium. Whilst ASGM is a smaller industry, because of the expansive usage of
mercury, the extension of the impact would be partial, in relation to the total group of ASGM

workers.

Overview

Below in table 9, an overview of the measures, the type of problem shift induced, the
mechanism through which the problem shift occurs, the magnitude of the shift, and the number

of countries which have implemented the measures will be provided.

Table 9: Overview of Problem Shifts and Impacts
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Measure

Prohibition of
Dental Amalgam

Prohibition of
MAPs

Prohibition of
MA Lamps

Prohibition of
Mercury Waste
Transport

Implementation
of Extended
Producer
Responsibility

Requirement to
Utilize Emissions
Control
Technologies/
BAT

Decommissioning
of Facilities that
have Utilized

Problem Shift

Financial -
treatment cost

Physiological -
Poor oral health

Temporal -
Continuation of

Environmental
- Energy and
Resource Usage

Locational -
Transport of
waste to other

Institutional -
Increased costs

responsibilities
Locational -

Transport of
waste to other

Financial -

implementation

Physiological -

Mechanism

Forced and
expensive
alternatives >

Reduction in
treatment

Displaced
attention >

Increased
mercury leakage

Alternatives >
Higher
energy/resource
consumption

Increased lllegal
Transport -

Transfer of waste
management

Increased Cost
and Regulations

9

Increase in lllegal
Transport

High Cost of
Technology =

Lack of

implementation

Decommission
facilities >

Magnitude

Intensity:
Medium

Extension:
Partial and
Widespread

Intensity:
High

Extension:
Widespread

Intensity:
Low

Extension:
Widespread

Intensity:
Medium/High

Extension:
Widespread

Intensity:
Medium

Extension:
Widespread

Intensity:
Medium

Extension:
Partial

Intensity:
High

(See Annex C)

41

47

47

33

20

35

Implementation
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Measure Problem Shift ~ Mechanism Magnitude Implementation

(See Annex C)
Mercury health risk | Workers hired are Extension:
put at risk Isolated
Social - Removal of
Potential job mercury needed Intensity:
Prohibition of loss for operation Medium
. ) ) 0,
M,nggli//lm Einancial - N Extension: 24 (37.5%)
New Medium
technologies Joblessness
needed

These results have presented an overview of the measures implemented in response to the
Minamata Convention which have induced one or multiple types of problem shifts. Whilst a
high diversity exists in the types of problem shifts generated, the majority of the impacts stem
from a financial barrier associated with the implementation of the measures. The implementing
agents, that being the countries and their corresponding governments, are the ones largely
responsible for the management of mercury in their case. Those with higher financial resources
will be more capable of effectively managing mercury and will not have to deal with some of

the unintended consequences associated with the aforementioned problem shifts.

Furthermore, as highlighted by the assessment into the magnitude of the problem shifts, five
of the shifts had a widespread extension, symbolizing the expansive nature of the impacts that
are felt. Furthermore, whilst no critical shifts have been identified, all of the shifts have a
medium to high intensity, highlighting the severity of the impacts that are felt based on each
respective problem shifting factor. The assessment of the magnitude of the problem shifts
highlights the widespread nature of the impacts that can be felt, but also the significant intensity
of the impacts.
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Discussion and Recommendations

The aim of this research was to identify the impacts of the problem shifts that are resultant of
the implementation of the Minamata Convention. As a result of this analysis, it has been
identified that the implementation of response mechanisms to the Minamata Convention
inadvertently contributes to the continuation of environmental degradation, inhibits the
successful management of mercury through costly system transformations, and primarily
impacts lower-income communities and countries. Alongside these key findings, insights
regarding the types of response mechanisms used, the sources of mercury targeted in the
Convention and rates of policy implementation have also been identified. These findings
highlight the political outcomes of the implementation of the Convention and delve into the

perceived most effective technical and political response mechanisms to combat mercury.

Interpreted Findings

Firstly, the primary type of measures that has been utilized by countries to combat the various
sources of mercury has been a prohibition or phase out. This suggests that prohibition type
measures are a universally agreed upon approach which can be utilized to manage the many
types/sources of mercury that have been targeted in the Convention. However, considering that
half of the identified problem shifts are resultant of prohibition type measures, there is an
existent correlation between the two. Reflecting on prohibitions as a response mechanism, the
primary objective is to prevent the continuation of a certain process/product which involves
mercury, therefore alleviating the future concern of that process/product. However, as
identified in the analysis, the management of the various sources of mercury is multifaceted,
and the resolution of such issues cannot be completed in a simplistic, single stage process.
Despite the widely applicable nature of prohibitions, its simplicity results in other components
of the system at hand being un-addressed, resulting in the identified problem shifts. The
apparent connection between this result, and that from response risks is also pronounced.
Within the assessment of response risks, it is highlighted how “quick-fix” solutions result in
maladaptation, and further the exposure and vulnerability to climate risks. Prohibitions can be
understood as a type of this “quick-fix” solution, as they restrict the continuation of the usage
of mercury, but due to the multi-faceted nature of these management systems, this quick-fix

solution fails in its objective.
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Secondly, there is a correlation between the various mechanisms through which the problem
shifts occur. In almost all cases, there is a financial aspect which leads to the eventual negative
degradation of the environment or human health. This identification highlights how finances
play an integral part within our current resource management system. Whilst finances impact
decision making processes from the individual level to the systemic level, it is the temporal
aspect which has failed to be taken into consideration. In the Implementation of BAT, the high
implementation costs of the technology dissuade (government owned) industrial facilities from
implementing them. Likewise, for alternatives to mercury added lamps, consumers will also
likely opt for incandescent bulbs (the cheapest alternative). In both instances, despite the high
upfront costs that may distract or inhibit the decision-making process, in the long term, there
is a high savings potential for both. Numerous studies have presented the long-term cost
savings through health benefits that come with emissions control technologies (Giang & Selin,
2015), or the individual cost savings of LEDs (Khorasanizadeh et al., 2015). The issue with the
financial aspect is a short-term financial evaluation that has enveloped our decision-making

processes, hindering objectives which have implications for centuries into the future.

Finally, the measures that have induced a problem shift all have a connection to the Convention,
in regards to the ways in which they have been formulated. Whilst it is logical that the policies
that have been implemented in response to a Convention follow the guidelines that have been
set forth in such, it highlights a systemic structure to the response mechanisms utilized. For
each article, and each product/source of mercury mentioned within, guidelines were created by
which measures should be implemented by countries to manage each. As a result, the measures
that have resulted in a problem shift all have a (generally) large rate of implementation. The
structure from which measures are generated and implemented, highlights the responsibility
that the Convention holds in terms of generating policy, but also for the outcomes that are

resultant of those policies.

This review of the insights identified in this analysis have shown the short-termism that hinders
the success of the Minamata Convention. Whilst generally beneficial in terms of mercury
management, recognition, and global collaboration, much is yet to be done before this problem
is fully resolved. To support such, tailored recommendations regarding national policy action

that can be taken, changes towards the Convention, and future research will be provided.
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Political Implications

Firstly, regarding national policy implications of this research, changes can be made towards
the approaches which are taken to manage our resources. Problem shifts 1-5 all have waste as
a central issue that must be managed. With waste from dental amalgam, the disposal of MAPs,
to the transport of waste, all of these measures pertain to the control of the generation and
disposal of waste, instead of managing it in a sufficient manner. Whilst the implementation of
EPR does attempt to do so, the shift in responsibility towards corporations ultimately leads to
the mismanagement of such. Thus, as a policy response which should be considered in the
realm of waste management is the integration of a circular waste economy. Our current open-
ended economy results in the continuous consumption of natural resources and disposal of such
which result in the negative degradation of the environment. Conversely, circular economy
aims to un-couple the nature of economic growth from natural resource depletion, by utilizing
the extracted resources for as long as possible, via various recycling, and reuse schemes
(Hoffman et al., 2022). Whilst complications exist within the generation of new reusable and
recyclable product designs, alongside the implementation of complex recycling systems, this
larger system transformation will result in long-term environmental benefits and reduced
resource consumption (Hoffman et al., 2022). Instead of attempting to manage the sources of
products, which will eventually be replaced with other products also contributing to the waste
cycle, if the disposal phase of the life cycle of these products is managed in a more
environmentally friendly manner, benefits in terms of resource management and disposal will
be proliferated, alongside the alleviation of many of the detrimental impacts that come with
such. Furthermore, this approach integrates a long-term vision of waste management, as such
systems will always be necessary moving into the future, with our growing global population
and consumption patterns. This long-term perspective should also be applied to other systems

such as that with emissions control technologies.

Secondly, this research presents a “post-evaluative implementation approach” towards design
elements for the Minamata Convention, to alleviate the concerns regarding the hastiness and
future implementation. Currently, the Convention outlines measures that should be taken to
combat the various sources of mercury outlined in each of the articles. As of March 2023, the
official progress report on activities has been published, highlighting updates to the list of
prohibited MAPs, progress of implementation, and plans to begin monitoring the effectiveness

of implementation. However, as highlighted in this report, 33 countries failed to take any
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measures (Minamata Convention on Mercury, 2023). Furthermore, within the Convention
there is no established mechanism in which countries should re-evaluate their current activities
and update the measures which they plan to enact. The Minamata Convention aims to fully
mitigate the impacts of mercury, and in this sense, it is ignorant to assume that as time passes,
no advancements will be made in the availability of technology, and national capacity, which
would allow for more comprehensive measures to be implemented. Therefore, a progressive
approach should be taken to this Convention, in which countries can and are enticed to
continuously strengthen their activities, to ensure that mercury is best managed as time

progresses.

To apply this post-evaluative implementation approach, it is suggested that evaluations of
effectiveness be followed by reassessments of measures to be implemented. The structure of
effectiveness evaluations is currently stated in Article 22, where the first evaluation shall occur
six years after entry into force and will occur periodically in intervals yet to be decided upon
(United Nations Environment Programme, 2013). Based on the resultant environmental,
technical, and financial information produced from the evaluations, considerations based on
the most prominent sources of mercury can then be made, in which measures are then
reassessed. E.g., If industrial installations are still found to be a continuous and significant
source of mercury emissions after the evaluation, stricter guidelines on the emissions limits can
be set, alongside the implementation of new technologies which can better attain those
emissions limits. As countries are responsible for submitting their own data on the progress
which they have made, alongside their own sources of mercury, the reassessment of measures
can be tailored to each individual country's needs, to ensure a comprehensive resolution of the
mercury issue. As this approach is progressive in nature, it allows for sufficient time to be spent
on the evaluation of effectiveness, and the proceeding tailoring of measures. Furthermore, in
the context of this research, indicators regarding the problem shifting impacts should be
included within the effectiveness evaluations, to take those unintended consequences into
consideration. Despite the complexity and time cost of each evaluation and reassessment of
measures, applying an optimistic framing towards policy development is necessary. If the
comprehensive resolution of complications concerning mercury is the central objective of the
Minamata Convention, settling for the bare minimum of approaches will not accomplish these
goals. Countries should challenge themselves to do the best they can in their case, and as time
progresses, technology advances, and capacity increases, countries can progressively

implement more to support the global movement towards mercury management.
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Future Research and Limitations

Some limitations exist in this work, primarily related to the assessment/determination of
problem shifting and its impacts, the objectives of sub-questions two and three. The limitations
of this assessment lie with the determination of the impacts resulting from the measures. Due
to the structure of the literature review, the current availability of data, and the recency of the
implementation of measures, there is limited proof to highlight the occurrence of problem shifts
in each country's case. This analysis highlighted the potential for problem shifting to occur as
a result of implementing a specific measure and highlighted the impacts via the utilization of
various studies which have assessed such. This research then expanded the potential impacts
resulting from those measures to the countries which have implemented them. Due to the
multiplicity of factors that come with the occurrence of problem shifts, such as a countries
financial capacity, the distribution of income groups in each country, alongside potential
supporting policies that have been implemented, it cannot be conclusively stated that the
problem shift is occurring in each country’s case that has implemented the measure.
Nevertheless, due to the potential of problem shifting occurring, the implementation of the

identified eight measures still poses the identified risks in each of those countries' cases.

One further limitation exists within the coding process utilized in the first stage of this research.
The coding process in this research was done iteratively, meaning codes were created
throughout the process/analysis. This was done, as there was no clear precursor to what sources
of mercury would be identified in the measures, as well as the types of measures that would be
utilized to combat those sources of mercury. As a result, there are some inconsistencies
between the codes that were given to the first measures versus the codes that were established
by the end of the coding process. As a result, there are sparse inconsistencies between the codes,

however, generally they do not significantly impact the outcomes of the analysis.

Learning from the limitations of this research, future research projects should address the
outcomes of problem shifting. Whilst this research provided a broad overview of the measures
that can induce problem shifting, as well as assessing the impacts, it was lacking in the
quantitative data to highlight instances in which the impacts of the problem shift were felt.
Outcomes of problem shifting are one of the more complex aspects related to this concept, due
to the nature of the impacts, the time it would take for those impacts to be felt, and the wide
distribution of where they would be felt. Furthermore, the mechanism through which problem

shifts occur is not a direct lineage, which results in complications in determining the causality
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of the impacts. However, despite the challenges that may exist with this assessment, the
identification of quantitative outcomes of problem shifts acts as a driver in which the
aforementioned recommendations are further supported and placed into action. Whilst this
research was limited in this aspect, due to the recency in which measures were implemented
by countries, the delayed impact in which they are felt, and further delayed availability of data,
the identification of the sources of these problem shifts is a step forwards towards closing the

cycle of negative impacts stemming from mercury.
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Conclusion

This research aimed to identify the impacts of problem shifts that have resulted from the
implementation of the Minamata Convention. This was done by determining what, how many,
and which types of policies have been implemented in response to the Convention, followed
by the assessment of those policies, to determine the potential occurrence and impacts of
problem shifting. Based on the qualitative assessment of national reports, and analysis of
literature and national data pertaining to the identified problem shifts, it can be concluded that
the much progress has to be made to accomplish the objectives of the Minamata Convention.
Irrespective of nationally contingent variables, the Minamata Convention aims to apply a
universal framework for the management of mercury, which is not universally applicable. The
lack of national framing results in the measures inadvertently contributing to the further
degradation of the environment, and the degradation of health from those of lower-income and
those in lower-income countries. These results have been concluded due to existing financial
complications that impact decision making, alongside the dismissal of the disposal/waste stage
of mercury and mercury added products. These results indicate a disparity within the financial
capabilities of various groups/countries that are able to sufficiently transition to mercury-free
technologies, alongside a short-termism view which has been taken in terms of the measures
that have been implemented. Whilst limited by the availability of quantitative assessments on
the performance and unintended impacts related to the measures that have been implemented
in response to the Minamata Convention, this research has provided new insights into the
current global political implementation response of the Minamata Convention, an identification

of measures that have induced problem shifts, and the impacts that have been felt therefrom.

On a broader scale, this research has provided insights into the domains of problem shifting,
risks emerging from response mechanisms, and MEAs. Firstly, regarding problem shifting, this
research produced a typology of problem shifts, which assists in the realm of problem
classification, and provides much needed attention and support to the concept of problem
shifting. This contribution simultaneously supports an increase in awareness towards the issue
of risks emerging from response mechanisms. The inherently intertwined relationship between
the two concepts, and the result of this study further address an existing and emerging issue of
unintended impacts related to the implementation of environmental policies. By highlighting
this occurrence, further attention can be placed on the management and resolution of those

newfound problems, whilst simultaneously highlighting potential inefficiencies within our
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current structures/systems for resource management. In this sense, MEAs are addressed as their
profound global influence on policy generation towards the management of various resources
has global, regional and local implications for human and environmental health. By addressing
the inefficiencies in these systems and providing guidance on how such problem shifts can
potentially be avoided, progress can be made by establishing mechanisms to achieve these

goals, so that MEAS can reach their set outcomes.

Much responsibility is held within the management of our resources. Issues related to the
impacts that certain products/processes have on human and environmental health, must be
balanced by values of economic growth, global stability and organization, alongside the
continuation of the resourcefulness that these processes/products have for our systems
functioning. Carefully designing global conventions to manage these variables can generate
unforeseen global collaboration, decision-making and progress towards achieving
sustainability, however, the unintended consequences resulting from these response
mechanisms challenge the effectiveness and benefits of these conventions. Understanding the
influence that problem shifting has and integrating responses to avoid/combat the occurrence
of such, allows our decision-making processes to become more effective by being aware of
those outcomes that are not generally intended. In doing so, our mission to make our world
safer, healthier, and to protect our people from the harm of climate change and other

environmental dangers, is one step closer.
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Annex A

Table of implementation rates for each article of the Convention (that has been assessed) based

on continental distribution.

Africa
Asia
Europe
North

America

Oceania

South
America

Total

4

38%
(13)

84%
(21)

91%
(30)

57%
(8)
40%
(2)
82%
(©)

67%
(83)

4.3

50%
(17)

80%
(20)

88%
(29)

79%
(11)

40%
(2)
82%
(©)

72%
(89)

4.4

21%
(7)
56%
(14)

79%
(26)

43%
(6)
20%
(1)
45%
()

48%
(59)

4.5

26%
(©)
48%
(12)

76%
(25)

43%
(6)
20%
(1)
27%
(3)

46%
(56)

5.1

18%
(6)
12%
©)
12%
(4)
21%
©)
0%
(0)
36%
(4)

16%
(20)

5.2

6%
()
20%
()
45%
(15)
14%
()
0%
(0)
9%
(1)

20%
(25)

s

3%
(1)
12%
3)
24%
(8)
0%
(0)
0%
(0)
0%
(0)

10%
(12)

8.1

26%
(©)
32%
(8)
18%
(6)
43%
(6)
0%
(0)
36%
(4)

28%
(34)

8.2

38%
(13)

52%
(13)

76%
(25)

36%
()
40%
()
64%
(")

53%
(65)

15%
)

36%
©)
42%
(14)
14%
(2)
20%
(1)
45%
()

29%
(36)

10

21%
(")
72%
(18)

67%
(22)

57%
(8)
20%
(1)
36%
(4)

49%(
60)

111

32%
(11)

92%
(23)

85%
(28)

71%
(10)
0%
(0)
82%
(©)

66%
(81)

11.2

0%
(0)

24%
(6)

3%
(1)

21%
(3)

0%
(0)

0%
(0)

8%
(10)
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Annex B

Table: Definitions of Types of Mercury/Mercury Sources

Mercury
Type/Source

Acetaldehyde
MA Batteries and
Electronics

Chlor-Alkali

MA Cosmetics

Dental Amalgam

Dental Facilities

Cement Clinker
Production

Coal Fired
Industrial Boilers

Coal Fired Power
Plants

Smelting and
Roasting Facilities

Waste Incineration
Facilities

Hazardous
Chemicals

MA Lamps

MA Measurement

Definition

Measures with this code regard mercury usage during Acetaldehyde
production.

Measures with this code regard batteries and other electronics, such
as switches, relays, bridges, and accumulators, that contain mercury.

Measures with this code regard mercury usage during Chlor-Alkali
production.

Measures with this code regard Cosmetics that contain mercury.

Measures with this code regard the usage of dental amalgam (a dental
restorative which contains mercury).

Measures with this code regard the management of mercury within
dental facilities, largely related to the usage of dental amalgam.

Measures with this code regard mercury uses/releases/management
during Cement Clinker Production, alongside other environmental
standards set.

Measures with this code regard mercury uses/releases/management
within Coal Fired Industrial Boilers, alongside other environmental
standards set.

Measures with this code regard mercury uses/releases/management
within Coal Fired Power Plants, alongside other environmental
standards set.

Measures with this code regard mercury uses/releases/management
during Smelting and Roasting processes, alongside other
environmental standards set.

Measures with this code regard mercury uses/releases/management
within Waste Incineration Facilities, alongside other environmental
standards set.

Measures with this code regard practices around the usage, disposal,
transport, of hazardous chemicals, primarily mercury.

Measures with this code regard Lamps or other fluorescent devices
that contain mercury.

Measures with this code regard Measurement devices such as
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Mercury Definition

Type/Source
Devices manometers, sphygmomanometer and thermometers that contain
mercury.
MA Medical Measures with this code regard Medical Devices that contain
Devices mercury.

Mercury Added = Measures with this code regard Mercury Added Products (MAPS)

Products such as cosmetics, lamps, electronics, pesticides (Annex A products).
Elemental Measures with this code regard Mercury as the element itself,
Mercury unrelated to other products/processes.
Oral Health Measures with this code regard actions taken towards Oral Health.

MA Pesticides Measures with this code regard Pesticides that contain mercury.

Polyurethane Measures with this code regard mercury usage during Polyurethane
production.

Mercury Releases | Measures with this code regard Releases of mercury.

Safety Measures with this code regard Safety within mercury related
processes.

Sodium/Potassium = Measures with this code regard mercury usage during
Methylate/Ethylate = Sodium/Potassium/Methylate/Ethylate production.

Specified Measures with this code regard Specified Processes such as those
Processes outlined in Article 8.2

Vinyl Chloride | Measures with this code regard mercury usage during Vinyl Chloride
production.

Mercury Waste = Measures with this code regard Mercury Waste

Unclear Measures with this code are measures which do not have sufficient
Regulations information provided to accurately categorize them into any of the
mercury types.
EU Regulation  Measures with this code regard measures that have not specified any
2017/852 information aside from the implementation of EU Regulation
2017/852.

Table: Definitions of Types of Measures
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Measure Type

Alternatives

Authorization

Awareness

BAT

Content Limitation

Decommission

Discontinue

Disposal

Life Cycle

Labeling

Limit

Management

Prevention

Prohibition

Regulation

Reporting

Standards

Storage

Definition

Measures with this code entail the promotion and usage of mercury
free Alternatives.

Measures with this code entail Authorization procedures necessary
for mercury usage.

Measures with this code entail actions taken to spread Awareness of
mercury and its potential health and environmental impacts.

Measures with this code entail the implementation or defining of Best
Available Techniques within mercury-involved processes.

Measures with this code entail various mercury Content limitations
for products.

Measures with this code entail the Decommissioning of facilities
which have included mercury within their processes.

Measures with this code entail the discontinued usage of specified
products.

Measures with this code entail Disposal procedures/standards.

Measures with this code entail the management of mercury
throughout a product’s Life Cycle.

Measures with this code entail the proper Labeling procedures for
products containing mercury.

Measures with this code are related to emissions Limits established,
or limitations set on the usage of mercury products.

Measures with this code entail Management procedures for mercury
or mercury products.

Measures with this code entail the intended Prevention of negative
impacts related to mercury, such as poor oral health or spills.

Measures with this code entail the prohibition of a product or practice
related to mercury. Phase-out procedures are included in this code.

Measures with this code entail general regulations established to
regulate mercury.

Measures with this code entail the reporting procedures for mercury
spills.

Measures with this code entail the Standards for mercury releases.

Measures with this code describe the procedures for the storage of
mercury/mercury waste.
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Measure Type

Tools

Transport

Definition

Measures with this code describe the types of Tools used to manage
mercury emissions.

Measures with this code entail the Transport of mercury, mercury
products or waste.
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Annex C

Table of countries which have implemented the problem shifting measures.

Dental Amalgam

Bulgaria

China

Croatia

Czech Republic

Estonia

France

Ghana

Greece

Hungary
Indonesia

Iran (Islamic
Republic of)

Ireland

Italy

Japan

Jordan

Kuwait
Latvia
Liechtenstein

Lithuania

Mauritius

Mongolia

Argentina

Armenia

Brazil
Bulgaria
Bulgaria

Canada

China

China (Hong
Kong SAR)

Costa Rica
Cote d'lvoire

Croatia

Cyprus

Czech Republic

Ecuador

Finland

France
Ghana
Honduras

Hungary

Iceland

Indonesia

MAP/Lamps

Emissions
Control

Bulgaria

China

China (Hong
Kong SAR)

Croatia
Czech Republic

Denmark

Estonia

Germany

Ghana

Guinea-Bissau

Guyana
Honduras

Hungary

Indonesia

Ireland

Italy
Jamaica
Latvia

Mexico

Mongolia

Namibia

Transport

Argentina

Austria

China
Croatia
Cyprus

Czech Republic

Denmark

Estonia

Eswatini

(Kingdom of)

Finland

Germany
Greece

Guyana

Honduras

Hungary

Iran (Islamic
Republic of)

Italy
Lebanon

Liechtenstein

Lithuania

Malta

EPR

Belgium

Bulgaria

Chile

Croatia

Cyprus

Estonia

Germany

Greece
Iceland

Ireland
Italy

Latvia

Liechtenstein

Netherlands

Norway
Portugal
Slovenia

Uganda

United Kingdom

of Great Britain
and Northern
Ireland

Denmark

ASGM

Burkina Faso

Burundi

Central African

Republic
Chad
Congo
Democratic

Republic of the

Congo
Ecuador

Eswatini
(Kingdom of)
Ghana

Guinea
Guyana

Kenya
Kyrgyzstan

Lao People's
Democratic
Republic

Madagascar

Mali

Mongolia
Nigeria
Paraguay

Senegal

Sierra Leone
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https://mercuryconvention.org/en/parties/bfa
https://mercuryconvention.org/en/parties/bdi
https://mercuryconvention.org/en/parties/tcd
https://mercuryconvention.org/en/parties/cog
https://mercuryconvention.org/en/parties/cod
https://mercuryconvention.org/en/parties/cod
https://mercuryconvention.org/en/parties/cod
https://mercuryconvention.org/en/parties/ecu
https://mercuryconvention.org/en/parties/swz
https://mercuryconvention.org/en/parties/swz
https://mercuryconvention.org/en/parties/gha
https://mercuryconvention.org/en/parties/gin
https://mercuryconvention.org/en/parties/guy
https://mercuryconvention.org/en/parties/ken
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https://mercuryconvention.org/en/parties/lao
https://mercuryconvention.org/en/parties/lao
https://mercuryconvention.org/en/parties/mdg
https://mercuryconvention.org/en/parties/mli
https://mercuryconvention.org/en/parties/mng
https://mercuryconvention.org/en/parties/nga
https://mercuryconvention.org/en/parties/pry
https://mercuryconvention.org/en/parties/sen
https://mercuryconvention.org/en/parties/sle

Nigeria
Norway
Oman
Peru
Philippines
Portugal
Qatar
Romania
Samoa
Saudi Arabia

Seychelles

Slovakia

Slovenia
Sri Lanka
Sweden
Switzerland
Thailand

Uganda

United Republic
of Tanzania

Viet Nam

Ireland

Iran (Islamic
Republic of)

Jamaica
Japan
Kuwait
Lesotho
Liechtenstein
Lithuania
Luxembourg
Madagascar

Montenegro

North Macedonia

Norway
Oman
Peru
Philippines
Portugal

Qatar

Samoa
Slovakia
South Africa
Switzerland
Uganda

United Arab
Emirates

United Kingdom
of Great Britain

and Northern
Ireland

United Republic of

Netherlands

Nicaragua

North Macedonia
Norway
Paraguay
Rwanda
Samoa
Slovakia
Slovenia
Sweden

Thailand

Uganda

United Kingdom
of Great Britain
and Northern
Ireland

Viet Nam

Mongolia

Montenegro
Netherlands

Nicaragua
Nigeria
Oman
Peru

Romania

Saudi Arabia

Seychelles
Viet Nam

Zambia

Uganda

United Republic
of Tanzania

Zambia

Zimbabwe
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Tanzania
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Annex D

Table of 120 Grouped Measures, the unique combinations of mercury type/source and measure

type. Includes the number of times implemented, a name given to the measure, alongside

variances in diction observed.

Mercury Type

Acetaldehyde

Batteries and
Electronics

Batteries and
Electronics

Batteries and
Electronics

Batteries and
Electronics

Chlor- Alkali
Chlor- Alkali
Chlor- Alkali

Chlor- Alkali

Chlor- Alkali

Chlor- Alkali

Coal Burning

Cosmetics

Cosmetics

Measure Type Number

Prohibition

Content Limit
Life Cycle
Prohibition

Regulation
2017/852

Alternatives

BAT

Decommissionin
g

Prohibition

Tools

Regulation

Limit

Prohibition

10

10

12

14

13

Measure Name

Prohibition of Mercury Usage in
Acetaldehyde Production

Mercury Content Limitation in
Batteries

Safe Sustainable batteries
throughout Life Cycle

Prohibition of Mercury Added
Batteries and electronics

Regulations on hazardous
substances in Electronics

EU Regulation 2017/852

Use of Mercury Free Alternatives

in Chlor-Alkali Facilities

Establishing BAT for Chlor-Alkali

Facilities

Decommissioning of Chlor-Alkali

Facilities

Prohibition of Mercury Usage in
Chlor-Alkali Production

Installation of Pollution
Management Systems

Regulations on Coal Usage

Content Limitation in Cosmetics

Prohibition of Mercury Added
Cosmetics

Variance in Diction

- mercury/mercury compounds
- as a catalyst

- 2%, 1%, 0.1%, 0.0005%, 0%
-20mg, 5 mg

- Batteries, electronics, switch,
bridge, relay

- 6 Manufacture and transport
- 2 prohibit over content limits

- batteries, accumulators,
electronics

- membrane cells

- closure, uninstalled, dismantling

3- Phase out
- usage as an electrode
4- EU 2017/852

-Air/water pollution
- control from dismantling process

- no coal under 5SMW production

-1ppm

4- manufacture and transport
1- EU 2017/852
- cosmetics, skin lightening
products, personal hygiene
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Dental Amalgam

Dental Amalgam

Dental Amalgam
Dental Amalgam
Dental Amalgam
Dental Amalgam

Dental Amalgam

Dental Facilities

Dental Facilities

Emissions

Emissions

Emissions

Emissions

Emissions

Industrial
Installations

Industrial
Installations

Mercury Emissions

Mercury Emissions

Alternatives

Awareness

Life Cycle
Limit
Prohibition
Prohibition

Regulation

Alternatives

Life Cycle
BAT

Limit

Reduction

Regulation

Tools

Authorization

BAT

Limit

Regulations

29

16

14

13

38

19

10

19

10

Promotion of Alternatives to
Dental Amalgam

Awareness of Mercury Free
Alternatives to Dental Amalgam

Regulation of Life Cycle Impacts
of Dental Amalgam

Limit Usage of Dental Amalgam

Prohibition of Amalgam for
Vulnerable Groups

Prohibition/Phase out of Dental
Amalgam

Restriction of Dental Amalgam to
Encapsulated Form

Promotion of Mercury Free
Alternatives in Dental Facilities

Promoting BEP in Dental Facilities

Use of BAT to Control Emissions

Established Emissions Limit
Values

Measures to Reduce emissions

Regulations to Control Emissions

Tools to Control Emissions

Requirement for Facilities to
operate under Environmental
permits

Implementation of BAT
Limits on Mercury Emissions

Regulations on Mercury Emissions

- encourage to educate and use
alternatives

- alternatives should be considered

- usage has been replaced

- encourage insurance companies to

better support alternatives
-RnD on Restoratives

- research program
- awareness programs
- capacity building

- amalgam separators
- reduce releases into water or air

- objective setting

-pre-dosed capsules
-encapsulated form

- Encouragement/promaotion
- glass-ionomer cements/resin
based composite

- BEP
- Amalgam separators
- reduce releases
- Specialized training

- regulatory framework
- Control of input materials

- electrostatic precipitators
- dust recycling filters

- simple particulate control systems

- BAT/BEP
- Promotion of usage/legal
obligation/requested
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Emissions

Emissions
Industrial
Installations
Mercury Emissions

Mercury Emissions

Mercury Emissions

Emissions

Emissions

Emissions

Emissions

Industrial
Installations

Industrial
Installations

Mercury Emissions

Mercury Emissions

Mercury Emissions

Emissions

Emissions

Limit

Regulation

Regulation
Limit

Regulations

Tools

BAT

Limit

Regulation

Tools
Decommission

Regulation
Limit

Regulations

Tools

Limit

Regulation

Established Emissions Limit
Values

- Rules on monitoring and reducing
emissions
- Rules on integrated prevention
and reduction of Pollution

- Capacity of CFB
Regulations on Industrial - BAT
Installations - Integrated permit

Regulations on Emissions

Limits on Mercury Emissions

Regulations on Mercury Emissions

Activated carbon Process
- Electrostatic Precipitators
- Flue gas desulphurization

- Air Scrubber tech

Tools to Control Mercury
Emissions

Implementation of BAT

Established Emissions Limit
Values

- Requires pollution prevention and
control permit
- Objectives to reduce emissions

Regulations on Emissions - Regulation of emissions

- Electrostatic Precipitators
- Simple particulate matter control
devices

Tools to Control Emissions - Air Scrubber tech

Decommissioning of Facilities

Regulations on Industrial - BAT
Installations - Integrated permit

Limits on Mercury Emissions

Regulations on Mercury Emissions

-High efficiency and low emissions
tech
- Bag filters
- desulfurize tech/ Activated carbon
Tools to Control Mercury process
Emissions - Electrostatic Precipitators

Established Emissions Limit
Values

- quantified control objective
- Reduction and monitoring of

Regulations on Emissions emissions
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Industrial
Installations

Mercury Emissions

Mercury Emissions

Mercury Emissions
Emissions

Emissions

Emissions

Emissions

Industrial
Installations

Mercury Emissions
Mercury Emissions

Mercury Emissions

Hazardous
Materials

Hazardous
Materials

Hazardous
Materials

Hazardous
Materials

Hazardous
Materials

Hazardous
Materials

Hazardous
Materials

Lamps

Lamps

Authorization

BAT
Limit
Regulations
BAT
Limit

Regulations

Tools
Regulation

BAT
Limit

Regulations
Authorization
Labeling

Management

Regulation
Regulations
Regulations

Storage

Alternatives

Content Limit

© O W N o

25

17

Requirement for Facilities to
operate under Environmental
permits

BAT Principles for Mercury
Emissions

Limits on Mercury Emissions
Regulations on Mercury Emissions
Implementation of BAT

Mercury Emissions Limit

- implementation of monitoring
tools
Regulations on Emissions - Measures to reduce emissions
- selective non-catalytic reducers
- spray drying absorbers
- bag dust filters

Tools to Control Emissions - acid gas scrubbers

Regulations on Industrial
Installations

- implementation of BAT
- license application

BAT Principles for Mercury
Emissions

Limits on Mercury Emissions

Regulations on Mercury Emissions

Permits for Management of
Mercury

Classification of Products

Environmentally sound storage of
Mercury

- production, trade, use, storage and
transport.
- Emergency response
-mining regulations

Safety Regulations -ban of entry

Implementation of Basel
Convention

Implementation of Regulation
2017/852

Rules for safe storage of Hazardous
Materials

- Campaign Launching
- Support/promotion of

Promotion of Mercury Free Lamps Alternatives

Limit on Mercury Content in
Lamps

-1 ppm
- Maximum Limits
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Lamps

Lamps

Measurement
Devices

Measurement
Devices

Measurement
Devices

Measurement
Devices

Measurement
Devices

Medical Devices

Medical Devices

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Mercury

Prohibition

Regulation
Alternatives
Authorization
Discontinued
Prohibition
Regulation
Prohibition
Regulation
Alternatives
Authorization

Awareness

Disposal

Life Cycle
Limit

Management
Prohibition

Prohibition

11

11

37

Ban on Mercury Added Lamps

Regulations on Mercury containing
Lamps

Alternatives For measuring devices

Authorization of mercury
containing Measurement Devices

Usage of mercury containing
Measurement Devices

Prohibition of mercury containing
Measurement Devices

Regulations on Mercury containing
Measurement Devices

Prohibition of mercury containing
Medical Devices

Regulations on Mercury containing
Measurement Devices

Alternatives for Mercury

Authorization of Mercury
Transport and Manufacture

Awareness Raising on Risks of
Mercury

Disposal of Mercury

Regulations on Life Cycle of
Mercury

Limitation on Usage of Mercury

Environmentally sound
management of mercury

Prohibition on Usage, Manufacture,
Transport of Mercury

Prohibition of Mercury as a
Catalyst

- 1 import
- 8 manufacture and transport
- Limits include 3.5, 5, 10 mg per
lamp

- BEP
- Stopped supply
- Strategy for Reduction
- Collection and Disposal
Procedure for Lamps

- promotion
- substitution
- control of import
- discontinued usage

- 2 manufacture and transport

-Inform regulators on Regulations

-Studying alternatives
-Encouraging

- Separation of MAPs from normal

Waste
- Environmentally sound manner

-Crematoria
- Health Institutions
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Mercury

Mercury

Mercury

Mercury Added
Products

Mercury Added
Products

Mercury Added
Products

Mercury Added
Products

Mercury Added
Products

Mercury Added
Products

Mercury Emissions

Oral Health
Oral Health

Pesticides

Pesticides

Pesticides
Polyurethane
Polyurethane

Practices
Practices

Releases

Regulation

Transport

Storage

Alternatives

Authorization

Awareness

Limit

Prohibition

Regulations

Limit

Awareness
Prevention

Alternatives
Content

Limitation
Prohibition
Limit
Prohibition

Authorization
BAT
Limit

10

19

59

21

12
10

15

[

8

N

10

Regulations on Mercury

Transport of Mercury Waste

Regulations on the Storage of
Mercury

Alternatives to MAPs

Authorization of MAPs

Awareness on MAP

Limit the Usage of MAPs
Prohibition of MAPs

Regulations on MAPs

Limits on Mercury Emissions

Awareness on health
Prevention of Poor oral health

Alternatives for Pesticides

Limitation on Mercury in
Pesticides

Prohibition of Mercury Added
Pesticides

Established limits for emissions in

Polyurethane production

Prohibition of mercury in
Polyurethane production

Authorization related to mercury

usage
Implementation of BAT

Limits on Mercury Releases

- reduce air emissions
-transport control
- controlled substances
- Mercury in a closed system
- recovery, recycling, re-use
regulations

- Prohibition

- in accordance with guidelines of

conventions

- permitted approval of activities

- Safe confinement of mercury

- promote usage of products

- sensitization sessions
-awareness campaigns
- discouragement of usage

-Discouragement
-permissible limits

-provisions to seek reductions

-control and monitoring
-management

- campaigns on impacts of mercury

- PSAs
- education in schools

- reduce need for restoration

- mercury catalysts

- 2017/852 n=3

-.001mg in water
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Releases

Releases

Safety

Sodium/Potassium
Methylate/Ethylate

Sodium/Potassium
Methylate/Ethylate

Specified Processes

Storage

Vinyl Chloride

Vinyl Chloride
Waste

Waste
Waste
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

Unclear

Reporting

Standards

Regulations

Limit

Prohibition

Authorization

Regulation

Alternatives

Prohibition

Disposal

Management
Transport
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

Regulation

12

15
5
28
16
12
12
13

56
14
13
16
14

Reporting on mercury releases

Mercury Release standards

Safety Regulations

Capacity of current production
cannot be exceeded

Prohibition of production of
Sodium/Potassium
Methylate/Ethylate

Application for License

Environmentally sound storage of
Mercury

Alternatives for production

Prohibition of mercury in Vinyl
Chloride production

Standards on the disposal of waste

Waste management standards
Transport of Waste
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations
Additional Unclear Regulations

Implementation of EU 2017/852

- discharge standards
- waste disposal
- emissions reductions

- Operators take appropriate
measures to avoid incidents
- Safety conditions

- waste
- mercury, compounds, mixtures

-rmd
- ethylene usage

- n=2 ban on vinyl chloride
production
- n =4 2017/852

- generator of waste is responsible
- MAP waste is not accepted at
landfills
- General guidelines on disposal

- Procedures for waste disposal

94



Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

Unclear

Regulation
Regulation
Regulation
Regulation
Regulation
Regulation
Regulation

Regulation

Implementation of EU 2017/853
Implementation of EU 2017/854
Implementation of EU 2017/855
Implementation of EU 2017/856
Implementation of EU 2017/857
Implementation of EU 2017/858
Implementation of EU 2017/859
Implementation of EU 2017/859
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