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Summary
Background: About one quarter of the global burden of disease is attributed to environmental
risk factors, commonly termed environmental determinants of health (EDH). Spanning across
all three dimensions of sustainable development – economy, environment and society– the
EDH are a cross-cutting theme in the 2030 Agenda for Sustainable Development and its 17
Sustainable Development Goals (SDGs). They include, for example, air and water pollution,
housing quality, and climate factors. Sub-Saharan Africa (SSA) is among the regions carrying
the largest health burden from the EDH. Large industrial mining projects can have substantial
positive and negative impacts on the EDH and associated health outcomes, and hence on the
SDGs, through a variety of direct and indirect pathways. Directly, mining projects can for
example increase air or water pollution. Indirectly, the development of a mining project can
provide livelihood opportunities that may trigger investments in housing, and improvements in
water or sanitation infrastructures. Mines also attract large numbers of people potentially
leading to overcrowded settlements and overburdened public infrastructures. Ideally, potential
health impacts of these different pathways are systematically assessed in health impact
assessments (HIA). However, the use of HIA in SSA is limited. For promoting its application,
a deeper understanding of positive and negative effects of mining projects on EDH is needed.
Objectives: The overarching aim of this PhD thesis was to assess the impact of mining
projects in SSA on the EDH and associated health outcomes in affected communities. More
specifically, with a focus on SSA, the objectives of the thesis were to (i) quantify annual
settlement growth patterns in rural mining settlements; (ii) study associations between mining
projects and housing conditions and respiratory diseases in children; (iii) assess impacts of
mining projects on water and sanitation infrastructures and associated child health outcomes;
and (iv) determine how health is integrated in impact assessment practice of mining projects.
Research partnerships: The research is embedded in the “Health impact assessment for
sustainable development” (HIA4SD) project. Six PhD students and project partners in a
governance work stream conducted research on different aspects around health in resource
extraction regions in different parts of SSA, supplemented with literature reviews.
Methods: The methods applied include a machine learning application for quantifying annual
settlement growth patterns in mining areas. Land use classifications were done using support
vector machine classifiers. Historic Google Earth imagery served as training data for the
classifier that was applied to a stack of Landsat imagery to derive annual land use maps. For
the assessment of the impacts of mines on household and child health indicators, all
Demographic and Health Survey (DHS) datasets from SSA were merged with a
comprehensive list of mines in SSA. Regression analyses were used to compare the temporal
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and spatial trends between impacted and comparison areas. The inclusion of health aspects
in impact assessment practice was studied by a documentary analysis of impact assessment
reports. These were obtained through a systematic online search and by contacting mining
companies and ministries. Lastly, three videos were produced outlining the research approach
and sharing community voices on the perceived impacts of mines on health.
Results: The merging of DHS data with the information on mines yielded the largest available
dataset on household and child characteristics in SSA, comprising of data on more than 40,000
households and 30,000 children from 23 countries used for longitudinal analyses. Furthermore,
the land use classification achieved overall accuracies between 58.5% and 95.1%, depending
on training data availability and climatic conditions. The analyses showed that in mining areas,
(i) no increased annual settlement growth or evidence for overcrowding was observed; (ii)
access and quality of infrastructures increased; (iii) indoor smoking rates increased; and (iv)
some health indicators, such as stunting and underweight, improved while wasting, diarrheal
diseases, and acute respiratory infections did not differ from comparison areas. Furthermore,
large differences in these impacts between countries and across socioeconomic strata were
observed. In general, people from poorer households benefited less from the positive impacts
on infrastructures. Screening of 44 impact assessment reports showed that (i) impact
assessment practice in SSA had a strong environmental focus, putting little attention to health
outcomes; (ii) there was a lack of transparency in impact assessment in the mining sector; and
(iii) the collection of primary data as baseline indicators for health outcomes was rare.
Conclusions and significance: The positive impacts of mining projects on infrastructures
underline the potential of the mining sector to promote community development in producer
regions. However, for these positive impacts to firstly reach all societal strata and secondly
translate into better health outcomes, the shortcomings of current impact assessment practice
need to be addressed. Firstly, a broader consideration of health outcomes, as well as the
inclusion of the wider determinants of health, should be promoted in national and international
policies and legislations. Secondly, the considerations of environmental health aspects in
impact assessments should look beyond the mine as only source of pollution and recognize
the different indirect pathways how mining projects could affect environmental pollution.
Thirdly, the particular health needs of vulnerable population groups should be addressed in an
equitable manner. This should include an assessment of the root causes determining the
unequal distribution of risks and benefits. Lastly, the disadvantages of secondary data
identified in this thesis warrant an increased collection of primary data for impact assessment.
Taken together, the findings of this PhD thesis suggest that with the right policy frameworks in
place, the mining sector has the potential to make positive and substantial contributions
towards achieving the 2030 Agenda for Sustainable Development. Having entered the
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“Decade of Action” to achieve the SDGs by 2030 while facing the challenges of a global
pandemic, this opportunity should not be missed.
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Résumé
Contexte: Environ un quart de la charge mondiale de morbidité peut être attribuée à des
causes environnementales, communément appelées les déterminants environnementaux de
la santé (DES). Les DES sont impliqués dans les trois dimensions du développement durable
– économie, environnement et société – et représentent une thématique récurrente dans
l’agenda 2030 sur le développement durable et de ses 17 Objectifs de Développement Durable
(ODDs). Ces derniers portent notamment sur les domaines de pollution de l’air et des eaux,
qualité du logement et autres facteurs climatiques. L’Afrique sub-saharienne (ASS) est l’une
des régions les plus touchées par la charge liée aux DES. En particulier, les projets d’extraction
minière industrielle à grande échelle jouent un rôle important au niveau des impacts – positifs
comme négatifs – sur les DES et leurs conséquences en matière de santé, et de ce fait
également de façon directe et indirecte sur les ODDs. Les projets d’extraction minière peuvent
par exemple agir directement sur la pollution de l’air et des eaux. De façon indirecte, le
développement de projets miniers peut offrir des opportunités de revenus et de ce fait être à
l’origine d’investissements dans le domaine du logement ainsi que d’améliorations des
infrastructures sanitaires et des eaux. Les sites miniers ont également tendance à attirer un
grand nombre de personnes et sont ainsi potentiellement à l’origine de lieux de résidence
surpeuplés, contribuant à la surcharge des infrastructures publiques. Idéalement, les effets
sanitaires liés aux trois mécanismes décrits ci-dessus sont systématiquement traités par
l'évaluation de l'impact sur la santé (EIA). Toutefois, dans la pratique, l’usage de l’EIA reste
limité en ASS. Une compréhension approfondie des effets positifs et négatifs de l’EIA sur la
santé est nécessaire afin de promouvoir son usage à plus large échelle.
Objectifs : L’objectif principal de cette thèse de doctorat est d’évaluer l’impact des projets
d’extraction minière en ASS sur les DES et ses conséquences sur la santé des communautés
affectées. Concentrés sur le contexte de l’ASS, les objectifs spécifiques de cette thèse sont
les suivants : (i) quantifier l’accroissement annuel des lieux de résidence autour des
exploitations minières rurales ; (ii) étudier les associations entre les projets miniers et les
conditions de logement et les maladies respiratoires chez les enfants ; (iii) évaluer les impacts
des projets miniers sur les infrastructures sanitaires et des eaux ainsi que leurs conséquences
sur la santé des enfants ; (iv) déterminer comment la santé est intégrée dans la pratique de
l’évaluation de l’impact des projets miniers.
Partenariats de recherche : Cette thèse de doctorat fait partie du projet de recherche
« Health impact assessment for sustainable development » (HIA4SD). Six doctorants et
partenaires de projet dans le cadre d'un volet de travail sur la gouvernance ont mené des
recherches sur différents aspects de la santé dans différentes régions d’extraction minière en
ASS, complémentées par des revues de littérature scientifique.
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Méthodes : Les méthodes appliquées comprennent l’utilisation de machine learning
techniques afin de quantifier la croissance annuelle des lieux de résidence autour des sites
miniers. Une classification de l’occupation du sol a été effectuée au moyen d’outils tels que les
machines à vecteurs de support. Des données historiques de l’imagerie Google Earth ont servi
de données d’entraînement pour les classificateurs, appliquées à un bloc de données
d’imagerie Landsat afin de dériver des cartes annuelles de l’occupation du sol. Pour
l’évaluation des mines sur les logements et les indicateurs de santé infantile, toutes les bases
de données de l’Enquête sur la Démographie et la Santé (Demographic and Health Survey,
DHS) d’ASS ont été fusionnées avec une liste complète des mines en ASS. Des analyses de
régression ont été utilisées afin de comparer les tendances temporelles et spatiales entre les
régions affectées et des régions témoins. Une analyse des rapports d’évaluation d'impact a
servi à l’étude de l’inclusion des aspects de santé dans la pratique de l’évaluation d’impact.
Ces derniers ont été obtenus au moyen d’une recherche en ligne et en contactant des
compagnies minières ainsi que des ministères. En dernier lieu, trois vidéos ont été produites
afin de mettre en évidence cette approche de recherche et pour partager les voix de la
communauté sur les impacts perçus des projets miniers sur la santé.
Résultats : La fusion des donnés DHS avec les informations sur les mines a permis de créer
la plus large base de données disponible sur les logements et caractéristiques des enfants en
ASS, avec plus 40,000 foyers et 30,000 enfants de 23 pays, utilisés pour des analyses
longitudinales. De plus, la classification de de l’occupation du sol a permis d’atteindre des
niveaux de précision variant entre 58.5% et 95.1%, en fonction des données d’entraînement
disponibles et des régions climatiques. Les analyses ont montré les résultats suivants dans le
contexte des projets miniers : (i) aucune augmentation de la croissance annuelle des lieux de
résidence ou évidence de surpopulation n’ont été observées ; (ii) l’accès et la qualité des
infrastructures a augmenté ; (iii) les taux de fumée en lieux clos ont diminué ; (iv) certains
indicateurs de santés, tels que le rachitisme et la sous-alimentation se sont améliorés, alors
que d’autres, comme l’émaciation, les infections diarrhéiques et les infections respiratoires
aiguës n’ont pas évolué par rapport aux régions témoins. De plus, de grandes différences ont
été observées au niveau de ces impacts entre les différents pays et les couches socioéconomiques. En général, les personnes provenant de foyers plus modestes avaient tendance
à moins bénéficier des impacts positifs que les autres. L’examen de 44 rapports d’évaluation
d’impact ont montré que (i) la pratique de l’évaluation d’impact en ASS accordait une grande
importance à l’environnement et s’attardait moins sur conséquences sanitaires; (ii) l’évaluation
d’impact dans le contexte minier manquait de transparence, et (iii) la collecte de données
comme indicateurs de base de la santé était rare.
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Conclusion et pertinence : Les effets positifs des projets miniers sur les infrastructures
mettent en évidence le potentiel du secteur minier comme promoteur du développement des
communautés dans les régions productrices. Toutefois, il est nécessaire de combler les
lacunes dans la pratique de l’évaluation d’impact afin que les effets positifs observés puissent
d’une part atteindre toutes les couches de la société et d’autre part se traduire en
conséquences positives sur la santé. Tout d’abord, une vision globale des effets sur la santé
ainsi que l’utilisation de plus larges déterminants de la santé doivent être promus au niveau
des lois et politiques nationales comme internationales. Ensuite, les considérations sanitaires
et environnementales des évaluations de santé doivent surpasser la simple vision des mines
comme source de pollution et reconnaître les différentes voies indirectes par lesquelles les
projets miniers peuvent affecter la pollution environnementale. Troisièmement, les besoins
sanitaires particuliers des populations les plus vulnérables doivent être abordés de façon
équitable. Ceci passe notamment par une évaluation précise des éléments à l’origine de la
distribution inégale des risques et bénéfices. Finalement, les inconvénients liés aux sources
de données secondaires identifiés dans ce travail mettent en lumière l’importance de la
collecte primaire de données pour l’évaluation de l’impact. Considérés dans leur ensemble,
les résultats de cette thèse de doctorat suggèrent que, à condition de bénéficier de cadres
politiques et légaux appropriés, le secteur minier a le potentiel d’apporter une contribution
importante à la réalisation des objectifs de l’agenda 2030 sur le développement durable. Alors
que nous venons d’entrer dans la « décade d’action » pour atteindre les ODDs en 2030 tout
en étant confrontés à une pandémie mondiale, il serait inconcevable de manquer cette
opportunité.
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Resumo
Contexto: Cerca de um quarto da carga de doenças a nível global é atribuída a fatores de
risco ambientais, comumente denominados determinantes ambientais da saúde (DAS).
Abrangendo as três dimensões do desenvolvimento sustentável - economia, meio ambiente e
sociedade - as DAS são um tema transversal na Agenda 2030 de Desenvolvimento
Sustentável e seus 17 Objetivos de Desenvolvimento Sustentável (ODS). Eles incluem, por
exemplo, a poluição do ar e da água, a qualidade da habitação e fatores climáticos. A África
Subsariana (ASS) está entre as regiões do mundo em que as DAS causam maior impacto na
saúde. Grandes projetos de mineração industrial podem ter impactos positivos e negativos
substanciais nas DAS e nos resultados de saúde associados e, assim, nos ODS, por meio de
uma variedade de caminhos diretos e indiretos. Diretamente, os projetos de mineração
podem, por exemplo, aumentar a poluição do ar ou da água. Indiretamente, o desenvolvimento
de um projeto de mineração pode fornecer oportunidades de subsistência que podem
desencadear investimentos em habitação e melhorias nas infraestruturas de água ou
saneamento. As minas também atraem um grande número de pessoas, o que pode levar
povoações superlotadas e infraestruturas públicas sobrecarregadas. Idealmente, os
potenciais impactos dessas diferentes vias na saúde são avaliados sistematicamente em
avaliações de impacto na saúde (AIS). No entanto, o uso de AIS na ASS é limitado. Para
promover a sua aplicação, é necessário um entendimento mais profundo dos efeitos positivos
e negativos dos projetos de mineração nas DAS.
Objetivos: O objetivo geral desta tese de douturamento foi avaliar o impacto dos projetos de
mineração na ASS nas DAS e nos resultados de saúde associados nas comunidades
afetadas. Mais especificamente, e com foco na ASS, os objetivos desta tese foram: (i)
quantificar os padrões de crescimento anual de povoações de mineração rural; (ii) estudar
associações entre projetos de mineração e condições de habitação e doenças respiratórias
em crianças; (iii) avaliar os impactos dos projetos de mineração nas infraestruturas de água e
saneamento e os resultados de saúde infantil associados; e (iv) determinar como a saúde é
integrada na prática de avaliação de impacto de projetos de mineração.
Parcerias de pesquisa: Este trabalho está inserido no projeto “Avaliação do impacto na
saúde para o desenvolvimento sustentável” (HIA4SD). Seis estudantes de douturamento e
parceiros de projeto conduziram pesquisa sobre diferentes aspectos da saúde em regiões de
extração de recursos em diferentes partes da ASS, complementadas com revisões da
literatura.
Métodos: Os métodos aplicados incluem a aplicação de apredizagem automática de uma
máquina para quantificar os padrões de crescimento de povoação anual em áreas de
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mineração. As classificações de uso da terra foram feitas usando classificadores de máquinas
de vetores de suporte. Imagens históricas do Google Earth serviram como dados de treino
para o classificador que foi aplicado a uma pilha de imagens Landsat para derivar mapas
anuais de uso da terra. Para a avaliação dos impactos das minas nos indicadores de saúde
familiar e infantil, todos os conjuntos de dados da Pesquisa Demográfica e de Saúde
(Demographic and Health Survey, DHS) da ASS foram combinados com uma lista abrangente
de minas na ASS. Análises de regressão foram usadas para comparar as tendências
temporais e espaciais entre as áreas impactadas e de comparação. A inclusão de aspectos
de saúde na prática de avaliação de impacto foi estudada por meio de uma análise documental
de relatórios de avaliação de impacto. Estes foram obtidos através de uma sistemática
pesquisa online e através do contato com empresas de mineração e ministérios. Por último,
três vídeos foram produzidos delineando a abordagem da pesquisa e partilhando as vozes da
comunidade sobre os impactos reconhecidos das minas na saúde.
Resultados: A fusão dos dados do DHS com as informações sobre as minas gerou o maior
conjunto de dados disponível sobre as características das famílias e das crianças na ASS,
incluindo dados sobre mais de 40.000 famílias e 30.000 crianças de 23 países usados para
análises longitudinais. Para além disso, a classificação do uso da terra alcançou uma precisão
geral entre 58.5% e 95.1%, dependendo da disponibilidade de dados de treino e das
condições climáticas. As análises mo straram que nas áreas de mineração (i) não foi
observado um aumento do crescimento anual de povoações ou evidência de superlotação;
(ii) houve um aumento do acesso e qualidade das infraestruturas; (iii) houve um aumento das
taxas de fumo em ambientes fechados; e (iv) alguns indicadores de saúde, como desnutrição
crónica e baixo peso melhoraram enquanto que desnutrição aguda, doenças diarreicas e
infecções respiratórias agudas não diferiram das áreas de comparação. Também foram
observadas grandes diferenças dos impactos entre países e entre estratos socioeconómicos.
Em geral, as pessoas de famílias mais pobres beneficiaram menos dos impactos positivos
nas infraestruturas. A triagem de 44 relatórios de avaliação de impacto mostrou que (i) a
prática de avaliação de impacto na ASS tinha um forte foco ambiental, dando pouca atenção
aos resultados de saúde; (ii) havia falta de transparência na avaliação de impacto no setor de
mineração; e (iii) a colheita de dados primários como indicadores básicos para resultados de
saúde era rara.
Conclusões e significância: Os efeitos positivos dos projetos de mineração nas
infraestruturas sublinham o potencial do setor de mineração para promover o desenvolvimento
comunitário nas regiões produtoras. No entanto, para que esses impactos positivos alcancem,
em primeiro lugar, todas as camadas da sociedade e, em segundo lugar, se traduzam em
melhores resultados de saúde, as deficiências da prática atual de avaliação de impacto
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precisam de ser abordadas. Em primeiro lugar, uma consideração mais ampla dos resultados
de saúde, bem como a inclusão dos determinantes mais amplos da saúde, deve ser
promovida nas políticas e legislações nacionais e internacionais. Em segundo lugar, as
considerações dos aspectos de saúde ambiental nas avaliações de impacto devem olhar além
da mina como única fonte de poluição e reconhecer os diferentes caminhos indiretos pelos
quais os projetos de mineração podem afetar a poluição ambiental. Em terceiro lugar, as
necessidades específicas de saúde dos grupos vulneráveis da população devem ser
atendidas de maneira equitativa. Isso deve incluir uma avaliação das causas que determinam
a distribuição desigual de riscos e benefícios. Por último, as desvantagens dos dados
secundários identificados nesta tese justificam uma maior colheita de dados primários para
avaliação de impacto. Num todo, os resultados desta tese de douturamento sugerem que,
com as estruturas políticas corretas em vigor, o setor de mineração tem o potencial de fazer
contribuições positivas e substanciais para o cumprimento da Agenda 2030 de
Desenvolvimento Sustentável. Visto que entrámos na “Década de Ação” para alcançar os
ODS até 2030 enquanto enfrentamos os desafios de uma pandemia global, esta oportunidade
não deve ser perdida.
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Muhtasari
Utangulizi: Robo ya magonjwa yanayotaarifiwa ulimwenguni hunasababishwa na sababu
hatarishi zitokanazo na mazingira ambazo hujulikana kama viashiria vya afya kutoka katika
mazingira (Environmental Determinant of Health - EDH). Viashiria hivi vimegusa pande kuu
tatu za maendeleo endelevu. Pande hizo ni uchumi, jamii na mazingira, vyote vikiwa ni mada
mtambuka katika Ajenda ya Maendeleo Endelevu 2030 (Sustainable Development Goals,
SDG 2030) na Malengo yake 17 ya Maendeleo Endelevu. Kwa mfano, viashiria hivi
hujumuisha uchafuzi wa hewa na maji, ubora wa makazi au sababu za hali ya hewa. Kusini
mwa Jangwa la Sahara (Sub Saharan Africa, SSA) ni miongoni mwa eneo linalobeba mzigo
mkubwa zaidi wa afya kutoka katika viashiria hivi vya afya hatarishi vitokanavyo na mazingira.
Miradi mikubwa ya madini na viwandani inaweza kuwa na athari chanya na hasi kwa matokeo
yanayohusiana ya afya mojakwamoja au kupitia njia anuwai na zisizo za moja kwa moja. Kwa
mfano, miradi ya madini inaweza kuongeza uchafuzi wa hewa au maji au vilevile ukuzaji wa
mradi wa madini unaweza kutoa fursa za kujipatia riziki ambazo zinaweza kusababisha
uwekezaji katika miundombinu ya makazi, maji au usafi wa mazingira. Kwa upande mwingine,
migodi pia huvutia idadi kubwa ya watu wanaoweza kusababisha makazi kuwa na watu wengi
na miundombinu ya umma iliyoelemewa. Tofauti hizi za matokeo hasi ama chanya unaweza
pimwa kwa utarabitu maalumu ujulikanao kama tathmini za athari za kiafya (Health Impact
Assessment, HIA). Walakini, matumizi ya HIA katika SSA ni mdogo. Ili kuwezesha kukuza
matumizi yake, uelewa mzuri wa athari chanya na hasi za miradi ya madini kwenye viamua
vya afya ya mazingira unahitajika.
Malengo: Lengo la shahada hii ya uzamivu ni kutathmini athari za miradi ya madini katika
SSA kwenye EDH na matokeo ya afya yanayohusiana katika jamii zilizoathiriwa. Hasa haswa,
kwa kuzingatia (i) kuangalia ni jinsi gani elimu ya afya imejumuishwa katika mazoezi ya
tathmini ya athari ya miradi ya madini; (ii) kupima viwango vya ukuaji wa makazi ya kila mwaka
katika makazi karibu na machimbo ya madini; (iii) kutathmini athari za miradi ya madini kwenye
miundombinu ya maji na usafi wa mazingira na matokeo ya afya ya mtoto; na (iv) kujifunza
namna sahihi ya kuhusisha miradi ya uchimbaji madini na mfumo mzima wa afya.
Ushirikiano wa utafiti: Utafiti umeingizwa katika mradi wa "Tathmini ya athari za kiafya kwa
maendeleo endelevu" (HIA4SD). Wanafunzi sita wa shahada ya uzamivu na washirika wa
mradi katika mkondo wa kazi ya utawala walifanya utafiti juu ya nyanja tofauti karibu na afya
katika maeneo ya uchimbaji rasilimali.
Mbinu: Mbinu zilizotumika ni pamoja na uchambuzi wa maandishi wa ripoti za tathmini ya
athari zilizokusanywa kutoka kwa kampuni za madini, wizara na vyanzo vya mkondoni
kupitia mchanganyiko wa njia za kimfumo. Ripoti zilizopatikana zilichunguzwa kwa
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ujumuishaji wa nyanja tofauti za kiafya. Kwa kupimia mifumo ya ukuaji wa makazi ya kila
mwaka katika maeneo ya madini, uainishaji wa matumizi ya ardhi ulipatikana kwa kutumia
vigeuzi vya mashine. Picha za kihistoria kutoka vyanzo vya kisetilaiti kama Google Earth
viilitumika kama taarifa ya mafunzo kwa kitambulishaji. Uainishaji wa matumizi ya ardhi
ulifanywa kwenye gombo la picha za Landsat. Kwa tathmini ya athari za migodi kwenye
viashiria anuwai vya afya ya kaya na watoto, hifadhidata zote za Utafiti wa Idadi ya Watu na
Afya (DHS) kutoka SSA ziliunganishwa na orodha kamili ya migodi katika SSA. Uchunguzi
wa ukandamizaji ulitumiwa kulinganisha mwenendo wa muda juu ya awamu tofauti za migodi
kati ya maeneo yaliyoathiriwa na kulinganisha. Pia, video tatu zilitengenezwa zikielezea njia
ya utafiti na kushiriki sauti za jamii juu ya athari zinazoonekana za migodi kwa afya.
Matokeo: Kuunganishwa kwa takwimu za afya na habari juu ya migodi kulizalisha mfumo wa
takwimu kubwa zaidi inayopatikana kwenye sifa za kaya na watoto katika ukanda wa SSA,
takwimu inayojumuisha zaidi ya kaya 40'000 na watoto 30'000 kutoka nchi 23 zilizotumiwa
kwa uchambuzi wa muda mrefu. Zaidi ya hapo, uainishaji wa matumizi ya ardhi ulifikia usahihi
wa jumla kati ya 58.5% na 95.1%, kulingana na upatikanaji wa takwimu ya mafunzo na
mazingira ya hali ya hewa. Uchambuzi huo ulionyesha kuwa katika maeneo ya madini (i)
hakuna ushahidi wa msongamano wa watu uliozingatiwa; (ii) upatikanaji na ubora wa
miundombinu umeongezeka; (iii) viwango vya uvutaji sigara ndani vimeongezeka; na (iv)
viashiria vingine vya afya, kama vile kudumaa na uzito wa chini, kuboreshwa wakati wa
kupoteza, magonjwa ya kuhara na maambukizo ya kupumua kwa papo hapo hayakutofautiana
na maeneo ya kulinganisha. Kwa kuongezea, tofauti kubwa katika athari hizi kati ya nchi na
matabaka ya kijamii zilionekana. Kwa ujumla, watu kutoka kaya masikini walinufaika kidogo
na athari nzuri kwa miundombinu. Uchunguzi wa ripoti 44 za tathmini ya athari ilionyesha kuwa
(i) mazoezi ya upimaji wa athari katika SSA yalikuwa na mwelekeo mzuri wa mazingira, bila
kuzingatia sana matokeo ya afya; (ii) kulikuwa na ukosefu wa uwazi katika tathmini ya athari
katika sekta ya madini; na (iii) ukusanyaji wa data ya msingi kama viashiria vya msingi vya
matokeo ya afya haikuwa kawaida.
Hitimisho: Athari chanya za miradi ya madini kwenye miundombinu inasisitiza uwezo wa
sekta ya madini kukuza maendeleo ya jamii katika mikoa ya wazalishaji. Walakini, kwa athari
hizi nzuri kwanza kufikia matabaka yote ya jamii na pili kutafsiri kuwa matokeo bora ya kiafya,
mapungufu ya mazoezi ya sasa ya tathmini ya athari yanahitaji kushughulikiwa. Kwanza,
kuzingatia kwa upana matokeo ya kiafya, pamoja na ujumuishaji wa viashiria mtambuka vya
afya, inapaswa kukuzwa katika sera na sheria za kitaifa na kimataifa. Pili, kuzingatia mambo
ya afya ya mazingira katika tathmini ya athari inapaswa kuangalia zaidi ya mgodi kama chanzo
tu cha uchafuzi wa mazingira na kutambua njia tofauti za moja kwa moja jinsi miradi ya madini
inaweza kuathiri uchafuzi wa mazingira. Tatu, mahitaji fulani ya kiafya ya vikundi vya watu
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walio katika mazingira magumu yanapaswa kushughulikiwa kwa usawa. Hii inapaswa
kujumuisha tathmini ya sababu kuu zinazoamua usambazaji usio sawa wa hatari na faida.
Mwishowe, hasara za data za sekondari zilizoainishwa katika hati hii ya nadharia mkusanyiko
ulioongezeka wa data ya msingi kwa tathmini ya athari. Walakini, matokeo ya nadharia hii ya
shahada hii ya uzamivu yanaonyesha kuwa na mifumo sahihi ya sera iliyopo, sekta ya madini
inaweza kuwa mshirika mzuri katika kuelekea kufanikisha Ajenda ya Maendeleo Endelevu
2030.
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1 Introduction
1.1

Environmental determinants of health and the 2030 Agenda for Sustainable
Development

1.1.1 Environmental determinants of health and environmental health
Globally, nearly one quarter of the total burden of disease is caused by environmental factors
(Prüss-Üstün et al, 2016; Prüss-Ustün et al, 2017). These factors that affect the attainment of
good health and well-being or lead to ill-health are commonly termed environmental
determinants of health (EDH) (Dahlgren & Whitehead, 1991). The EDH comprise “all the
physical, chemical, and biological factors external to a person and all the related factors
impacting behaviors” (Prüss-Üstün et al, 2016). They include for example air pollution,
chemical contamination of drinking water, housing quality, suitability for vector breeding,
climate factors, road networks (Prüss-Üstün et al, 2016). Reducing the exposure to these
factors and hence promoting environmental health could significantly improve health and wellbeing globally (Landrigan et al, 2017; Prüss-Ustün et al, 2017).

1.1.2 The environmental determinants of health in the 2030 Agenda for Sustainable
Development
Launched in 2015, the 2030 Agenda for Sustainable Development sets the direction for public
action towards a more sustainable world (UN, 2015). Spanning across different sectors and
disciplines, the EDH are at the nexus of the three dimensions of sustainable development –
economy, environment and society (Dora et al, 2015). Hence, the public health challenges
posed by the EDH are featured throughout the 2030 Agenda for Sustainable Development and
its 17 Sustainable Development Goals (SDGs) (Buse & Hawkes, 2015; UN, 2015). Most
prominently, SDG 3 addresses health aspects that are directly or indirectly affected by the
EDH by aiming to “ensure healthy lives and promote well-being for all at all ages” (UN, 2015).
The EDH are further tackled under other SDGs (Buse & Hawkes, 2015; ICSU & ISSC, 2015).
For example, SDG 6 addresses access to clean water and sanitation, SDG 7 affordable and
clean energy and SDG 11 promotes sustainable cities and communities, including access to
adequate housing infrastructures and reductions in air pollution (Buse & Hawkes, 2015; ICSU
& ISSC, 2015; UN, 2015).
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1.1.3 Inequities in the environmental determinants of health
Following the motto “leaving no one behind”, the 2030 Agenda for Sustainable Development
aims to reduce health inequities, including in environmental health (Marmot & Bell, 2018).
However, currently the public health burden from the EDH is not equally distributed, both
across regions and within societies (Landrigan et al, 2017). The underlying factors that
contribute to these inequities, commonly termed the social determinants of health, are largely
affected by unequal distribution of power and resources (WHO Commission on Social
Determinants of Health, 2008).
Due to the close interlinkages between the EDH and the social determinants of health,
environmental pollution disproportionally affects the poor and most vulnerable (Landrigan et
al, 2017; Prüss-Üstün et al, 2016; WHO Commission on Social Determinants of Health, 2008).
For example, low- and middle income countries account for more than 90 % of the global
pollution-related deaths (Landrigan et al, 2017). Among them, the highest disease and
mortality burden due to pollution is carried by the low-income countries in sub-Saharan Africa
(SSA) (Forouzanfar et al, 2015). Within countries, age, gender and poverty affect the level of
exposure to environmental pollutants. For example, because of their leading role in domestic
food production women are disproportionally exposed to household air pollution from unclean
cooking fuels, particularly in SSA (Forouzanfar et al, 2015; Gordon et al, 2014). Furthermore,
poor rural areas in this region fall short in access to improved water and sanitation
infrastructures compared to urban settlements (Roche et al, 2017).

1.1.4 Mining projects as an opportunity to foster investments in environmental determinants
of health
To reduce these inequities in the EDH and to promote the environmental health-related SDGs,
large investments are needed (Schmidt-Traub, 2015; Stenberg et al, 2017). Particularly in
SSA, there is a large funding gap for achieving the health-related SDGs (Stenberg et al, 2017).
Tough, many of these countries are rich in natural resources and thus host large potentials for
investments from the private sector (United Nations Economic Commission for Africa, 2011).
These potentials will even be strengthened in the future as economic development, population
growth and industrial development are expected to increase the demand for metals and
minerals (Ali et al, 2017b). Furthermore, higher electrification rates and a stronger reliance on
low-carbon energy sources and storage will lead to a growing market for natural resources
(Arrobas et al, 2017; Vidal et al, 2013). These developments further underscore the potential
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of the resource extraction sector to boost economies in SSA (United Nations Economic
Commission for Africa, 2011).
Hence, together with other industries natural resource extraction projects, such as mining
projects, have the potential to be an effective partner in working towards the environmental
health-related SDGs in SSA by promoting development through diverse pathways (Aust et al,
2020; Scheyvens et al, 2016). Firstly, public revenues through taxes and royalties from mining
companies facilitate increased investments in public infrastructure, such as health facilities
(SDG 3) or water and sanitation infrastructures (SDG 6) (Admiraal et al, 2017; Carter & Danert,
2003; Cawood et al, 2006; von der Goltz & Barnwal, 2019). Secondly, thriving mines also
create livelihood opportunities that contribute to poverty reduction (SDG 1) and improvements
in housing conditions (SDG 11), which in turn can reduce exposure to environmental pollution
(Cawood et al, 2006; Jacobs, 2011; Langston et al, 2015; Tusting et al, 2020; von der Goltz &
Barnwal, 2019). Finally, mining projects can also directly engage in public health promotion
and disease prevention programs that aim at reducing the environmental health burden, such
as vector control (SDG 3) or the provision of water infrastructures (SDG 6) (Admiraal et al,
2017; Asante et al, 2011; Kleinschmidt et al, 2009; Knoblauch et al, 2017a; Knoblauch et al,
2014; Overgaard et al, 2012).

1.2

Potential impacts of mining projects on environmental health

Alongside economic development, the establishment of a mine also leads to changes the
physical, natural and social environments (IFC, 2009b; Mancini & Sala, 2018; Porgo & Gokyay,
2017). These changes can positively and negatively affect the EDH and associated health
outcomes in mining communities (see Figure 1-1). Beyond the direct impacts on the EDH,
mining projects also have the potential to influence intermediate factors that themselves affect
the EDH and health.
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Figure 1-1 Causal pathway of mining-related impacts on environmental determinants of health and
associated health outcomes. The symbols depict the potential links to the Sustainable Development
Goals (SDGs) of the 2030 Agenda for Sustainable Development.

1.2.1 Changes in local economies in mining areas
Changes in household wealth can affect the level of exposure to other determinants of health,
such as air pollution, housing or water infrastructures and hence contribute to environmental
health inequities (Armah et al, 2018; Landrigan et al, 2017; Schrecker et al, 2018; Tusting et
al, 2020). The impact of resource extraction projects on local economies is subject to scholarly
debate (Gamu et al, 2015). On the one hand, mines can boost local economies through formal
employment in areas that are commonly dominated by informal labor and subsistence farming
(Gamu et al, 2015; Wegenast & Beck, 2020). Indeed, research indicates that mines can
increase household wealth in households close to mining operations in developing countries
(Aragón & Rud, 2013; von der Goltz & Barnwal, 2019; Zabsonré et al, 2018). However, large
mining enterprises can also defer local economies away from other forms of income, such as
agriculture or artisanal and small-scale mining (ASM) (Hilson, 2002). In contrast to multinational mining corporations, the benefits from these traditional sources of income commonly
remain in the local communities (Gamu et al, 2015; Langston et al, 2015). With large-scale
operations, benefits from the extraction of natural resources are often transferred abroad to
satisfy the demands of foreign investors or diverted to national government agencies, rather
than residing with the local population or being reinvested for local development (Langston et
al, 2015). Furthermore, the economic developments in mining areas can lead to rising food
prices, potentially hampering food security (Rhee et al, 2018).
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1.2.2 Changes in population size and structure
Mining projects require a large workforce for project development, mainly during the
construction phase (IFC, 2009b). Beyond the directly employed workforce, secondary markets
are created providing additional job opportunities, such as for food vendors or small-scale
service providers (Gamu et al, 2015; Loayza et al, 2003). The formal and informal livelihood
opportunities offered by large mining projects often attract a large number of people to migrate
to rural areas (Jackson, 2018; Marais et al, 2020; Nyame et al, 2009). These migratory patterns
lead to rapid population growth, transforming rural villages into small towns within a short
period of time (Marais et al, 2020; Winkler et al, 2012b).
The rapid influx of people to previously rural areas in regions comes with a set of direct and
indirect consequences for public health and its underlying determinants of health (IFC, 2009b;
Mactaggart et al, 2018). Directly, the migrating population can introduce and spread
communicable diseases, such as sexually transmitted infections or malaria (Corno & de
Walque, 2012; Knoblauch et al, 2017b; Mactaggart et al, 2018). Indirectly, rapid population
growth in areas can increase demand in public services, such as health services, water
infrastructures or waste and sanitation management systems (IFC, 2009b). In areas with
limited capacity of these services, the additional strain of the in-migrating population groups
can lead to a variety of environmental health issues that affect public health in general (IFC,
2009b; Petkova et al, 2009).

1.2.3 Access to improved water and sanitation and associated
health outcomes
Water and sanitation infrastructures are among the EDH that can be impacted by the
development of mining projects (Admiraal et al, 2017; IFC, 2009b). Progress in providing
access to improved water and sanitation infrastructures are major contributors to the
improvements in public health seen worldwide (Fink et al, 2011). However, particularly SSA
lags behind in working towards SDG 6 to achieve “universal access to improved and reliable
water and sanitation for all” by 2030 (Roche et al, 2017; UN, 2015; UNICEF & WHO, 2017).
The establishment of a mine has the potential to improve water and sanitation infrastructures,
by fostering public investment (Admiraal et al, 2017; Carter & Danert, 2003). Mining companies
can increase the quality of these services either directly through the provision of housing to
their employees and direct investments as part of corporate social responsibility (CSR)
programs or indirectly by providing income to local populations (Admiraal et al, 2017; Fordham
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et al, 2018). However, access to clean water and improved sanitation in mining areas can also
be hampered through direct and indirect pathways. Directly, toxic chemicals released by
mining operations can enter freshwater sources that are used for drinking and other domestic
purposes (Ali et al, 2017a; Bridge, 2004; Mensah et al, 2015). Indirectly, resource extraction
and processing are highly water demanding operations that increase the competition for water
sources between the companies and other water users in the community (Bridge, 2004; Kemp
et al, 2010). The competition for water can be further exacerbated by the in-migrating
population that put additional strain on water and sanitation infrastructures of the host
community (Hilson, 2002; Marais et al, 2018; Pelders & Nelson, 2018). The local water and
sanitation infrastructure is often not capable of meeting these rapidly increasing demands,
leading to a high percentage of people using unimproved water sources and widespread open
defecation practices (Basu et al, 2015).
Access to improved water and sanitation are crucial EDH (Fink et al, 2011; Fuller et al, 2015;
Humphrey et al, 2019). Inadequate water and sanitation, together with environmental pollution,
hampers child development and increases the risk for diarrhea (Dangour et al, 2013; Fink et
al, 2011; Gizaw & Worku, 2019; Prüss-Ustün et al, 2014). Among children under 5 years in
low- and middle-income countries (LMIC), 34 % and 20 % of diarrhea cases are attributed to
the lack of inadequate drinking water and sanitation infrastructures, respectively (Prüss-Üstün
et al, 2016). Furthermore, together with hygiene and climate change, these infrastructures
contribute to 15 % of the health burden from malnutrition (Prüss-Üstün et al, 2016). Combined,
the manifestations of insufficient food, stunting, wasting and underweight, account for more
than 1.4 million annual deaths and 130 million disability-adjusted life years (DALYs) (Gakidou
et al, 2017). Together with South Asia, SSA is the most affected region in the world (GranthamMcGregor et al, 2007). Repeated diarrheal episodes deteriorate the nutritional status of
children which in turn weakens their immune system and hence their susceptibility to diarrheal
infections (Guerrant et al, 1992). Changes in water and sanitation infrastructures in mining
areas can therefore positively or negatively act on the cycle between diarrheal disease and
malnutrition (Dangour et al, 2013; Gizaw & Worku, 2019).
The direct impacts of mines on water quality are well described. Many studies showcase the
impacts of mining operations on pollution loads in water bodies around mining sites (Khan et
al, 2020; Rakotondrabe et al, 2018). For example, heavy metals, ammonium, phosphates and
other toxic chemicals have been found in drinking water samples from mining sites (Babayan
et al, 2019; Basu et al, 2015; Hendryx, 2015; Khan et al, 2020). Contrarily, the evidence for
the indirect impacts of mines on the access of neighboring communities to improved water and
sanitation infrastructures is weak. The findings from the few studies with a focus on access to
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these infrastructures are inconclusive. For example, a case study in Peru found positive
associations with water and sanitation infrastructures (Bury, 2005). Others found that shared
toilets were less common in mining areas in Tanzania compared to non-mining areas (ChuhanPole et al, 2017). On the other hand, negative impacts of mines on sanitation infrastructures
were observed in Mali and Tanzania (Polat et al, 2014). In other contexts in Ghana, Mali and
Tanzania, no significant associations between mining projects and water and sanitation
infrastructures were found (Chuhan-Pole et al, 2017). A better understanding of how the mining
sector affects the access to improved water and sanitation infrastructures is needed in order
to engage mining projects to minimize potential negative impacts and foster positive impacts
on SDG 6 (Kemp et al, 2010).
Similarly, only a few studies looked at the associations between mining operations, child
nutrition and diarrheal diseases and their findings are inconclusive (Chuhan-Pole et al, 2017).
For example, case studies comparing diarrhea prevalences among children under 5 years
before and after the opening of a mine found a reduction in diarrhea burden in Mali whereas
increased levels of diarrhea were found in Ghana (Chuhan-Pole et al, 2017). Similar to the
results in Mali, other studies found a reduction in child diarrhea in mining areas (Knoblauch et
al, 2020b; Polat et al, 2014). Similarly, associations between mines and anthropometric
indicators varied across studies. While some found positive impacts on child nutrition, others
found no or even negative associations (Knoblauch et al, 2017a; Polat et al, 2014; von der
Goltz & Barnwal, 2019). Furthermore, negative impacts on food security and diet diversity
among children in areas with internationally-controlled mines in SSA were seen (Wegenast &
Beck, 2020). Gender and age played an important role in these dynamics, with women and
children being more strongly affected (Wegenast & Beck, 2020).

1.2.4 Housing conditions, air pollution and associated health
outcomes
The quality of housing is an important determinant of health (Tusting et al, 2020). Underlining
its importance, SDG target 11.1 sets the goal “to ensure access for all to adequate, safe and
affordable housing and basic services” (UN, 2015). Mining projects attract a large number of
people, both of formal employees and job seekers migrating for potential employment
opportunities (IFC, 2009b). The arriving populations are housed in worker camps set up by the
mining companies, lodge in existing accommodations or hostels within the communities or set
up informal settlements, often located in the proximity to the mining sites (Cloete & Marais,
2020; Demissie, 1998; Marais et al, 2018; Marais et al, 2020).
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The arrival of large numbers of migrants to previously rural areas can lead to overcrowding
and poor housing conditions in host communities (Marais et al, 2018; Morrison et al, 2012;
Pelders & Nelson, 2018). Furthermore, economic development and the increase in demand
for accommodation can drive up housing prices and ultimately hamper the affordability of
adequate housing in mining communities (Contreras et al, 2019; Morrison et al, 2012). The
increased housing prices add to the already existing challenges to provide adequate housing
in SSA, contributing to the formation of informal settlements around mines (Littlewood, 2014;
Marais et al, 2018). The wealth benefits can on the other hand also facilitate financing
improvements in housing infrastructures (Jønsson et al, 2019).
The existing literature on housing quality in mining areas predominantly focuses on conditions
in workers camps (Pelders & Nelson, 2018). Studies looking at living conditions from a
community perspective are scarce (Segerstedt & Abrahamsson, 2019). In a South African
mining town, households in informal settlements housed more people per room (Marais et al,
2018). Further, houses in large-scale industrial mining towns in Tanzania are more commonly
built from modern building materials and housed a larger number of people compared to the
national average for urban settlements (Jønsson et al, 2019; National Bureau of Statistics
(NBS) [Tanzania] & ICF Macro, 2011).
The location and quality of housing infrastructures also determine the exposure to indoor and
outdoor air pollution (WHO, 2018). Mining projects release chemicals in the air during
extraction processes as well as through increased traffic volumes during the construction and
operation phases (Chaulya, 2004; Cheng et al, 2017; Ncube et al, 2012). Consequently,
households located around large mines are exposed to increased levels of outdoor air pollution
(Asif et al, 2018; Herrera et al, 2016). Beyond the direct and proximal impacts of mining
projects on outdoor air pollution, their indirect effects on air pollution sources in households
within the neighboring communities are far less understood. Household air pollutants mainly
originate from the inefficient combustion of traditional fuels, such as wood, coal or charcoal,
for heating and cooking or waste burning, but also indoor smoking has detrimental effects on
child health (Shupler et al, 2020; Tielsch et al, 2009; Wright et al, 2020; Zhou et al, 2014).
Despite tremendous progress in the provision of clean cooking stoves, particularly LMIC fall
short in achieving SDG 7 to “ensure access to affordable, reliable, sustainable and modern
energy for all” (IEA, 2017; UN, 2015). While the potential economic benefits from mining
projects could indeed have a positive impact on the access to such modern energy sources
for cooking, no study has to date looked into this topic. With regards to smoking, some studies
found higher smoking rates in mining areas (Hendryx et al, 2008). However, whether this
practice is also done within households around mines is not described.
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Exposure to air pollution, both indoors and outdoors, is a leading cause of disease worldwide,
causing 7.6 % of deaths worldwide (Anenberg et al, 2018; Cohen et al, 2017; Heft-Neal et al,
2018). While around 4 million of these deaths are attributable to ambient air pollution, the
exposure to air pollutants from the use of solid fuels for cooking in the household account for
2.5 million deaths (Gakidou et al, 2017). Inadequate housing further increases the risk for acute
respiratory infections in children (Tusting et al, 2020).
Indeed, different studies found elevated risks for respiratory diseases as well as other noncommunicable diseases associated with air pollution among workers and people living in
proximity to extractive industries (Heinrich et al, 1999; Hendryx, 2013; Hendryx & Ahern, 2008;
Hendryx & Luo, 2014; Herrera et al, 2016; Nelson et al, 2011; Nkosi et al, 2015; Saha et al,
2011). For example, in children living around a mine in Chile, a spatial trend in respiratory
diseases were found with significant hampered health outcomes up to a distance of 1.8 km
(Herrera et al, 2016).
While in SSA the negative impacts of mining on ambient air pollution are well described,
literature on the indirect impacts of mines on other sources of air pollution, such as access to
clean cooking fuels, is scarce. Further research is needed to better understand the magnitude
and mechanisms of these alternative pathways of mining-related air pollution exposure and
associated child health impacts in mining areas in SSA (Hendryx 2008, Sahu 2018).

1.3

Addressing health impacts in mining areas

1.3.1 Impact assessment
For the extractive sector to contribute to the work towards the SDGs, it is crucial to reduce their
negative and foster their positive impacts on these various EDH and health outcomes
(Landrigan et al, 2017; RMF & CCSI, 2020). To address this challenge, a set of impact
assessment tools has been developed and used since the 1970s, such as environmental
impact assessment (EIA), social impact assessment (SIA), strategic environmental
assessment (SEA) or health impact assessment (HIA) (Esteves et al, 2012; Harris-Roxas et
al, 2012; Morgan, 2012). Impact assessments are conducted prior to project development as
a decision-support tool (Harris-Roxas et al, 2012). As part of the assessment of health impacts,
mitigation strategies for unintended negative impacts and opportunities for disease prevention
and health promotion are identified (Harris-Roxas et al, 2012).
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1.3.2 The five guiding principles of HIA
First introduced by the World Health Organization (WHO), revised by Quigley et al. and
currently being adapted by Winkler and colleagues, HIA is guided by five guiding principles
(Quigley et al, 2006; WHO Regional Office for Europe & European Centre for Health Policy,
1999; Winkler et al, 2021):
-

Comprehensive approach to health: HIA should include an appraisal of the likely
impacts on the wider determinants of health, recognizing their importance for attaining
good health and well-being;

-

Sustainability: HIA should inform about short- and long-term impacts for promoting
informed decision-making for advancing the work towards the SDGs;

-

Participation: people should be given the opportunity to influence the decisions that
potentially affect their lives through active involvement, participation and transparent
communication;

-

Equity and equality: HIA should strive to reduce unequal distribution of health risks and
opportunities between population groups, with special consideration of potentially
marginalized or vulnerable population groups;

-

Ethical use of evidence: HIA should use the best available evidence and apply sound
methodologies in an impartial manner.

1.3.3 HIA practice in sub-Saharan Africa
Health aspects can be covered either in HIA as a stand-alone approach or integrated in other
forms of impact assessment, such as EIA, environmental and health impact assessment
(EHIA) or environmental, social and health impact assessment (ESHIA) (Bhatia & Wernham,
2009; Harris-Roxas et al, 2012; Nigri & Michelini, 2019; Winkler et al, 2020). Although the HIA
approach has increasingly been taken up over the past two decades in high-income countries,
HIA practice in LMIC is lagging behind (Erlanger et al, 2008; Pereira et al, 2017; Winkler et al,
2020). There is currently no country in Africa that requires HIA (Winkler et al, 2013). The HIA
approach is however promoted by the International Finance Corporation (IFC) through their
Performance Standards on Environmental and Social Sustainability, which have been adopted
by a large consortium of multilateral lending institutions known as the Equator Principles
Financial Institutions (EPFI) (Equator Principles; IFC, 2012; The Equator Principles
Association, 2020). Yet, an increasing share of mining projects in Africa are funded by other
financial institutes outside the EPFI that do not formally request HIA (Krieger et al, 2012).
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EIA on the other hand is required by legislation in virtually every country in the world (Winkler
et al, 2013). Hence, the integration of public health considerations in EIA could be a promising
approach in LMIC (Bhatia & Wernham, 2009; Morgan, 2012). However, experiences from highincome countries show that the scope of health impacts when integrated in other forms of
impact assessment is limited (Baumgart et al, 2018; Fischer et al, 2010; Harris et al, 2009;
Riley et al, 2018; Riley et al, 2020; Steinemann, 2000). More specifically, predominantly direct
impacts on environmental health determinants, such as air and water pollution, were included,
while the indirect impacts of the projects (e.g. community and household infrastructures) and
its impacts on community health were less commonly included (Fischer et al, 2010; Harris et
al, 2009; Riley et al, 2018; Riley et al, 2020; Steinemann, 2000). Adding to the scarce literature
on the inclusion of health in other forms of impact assessments from LMIC, Pham and
colleagues found similar patterns (Pham et al, 2018).

1.4

Identified research gaps

Studies from high-income countries suggest that the scope of health aspects covered in impact
assessment practice is limited when integrated in other approaches than HIA. However, no
study has been conducted investigating whether health is sufficiently addressed in EIAs and
other forms of impact assessments in SSA. The growing role of the extractive sector and the
complex social-ecological context determining public health in SSA warrant a thorough
consideration of the diverse health impacts of mining projects. Against this background, a
better understanding of the role of health in impact assessment in SSA can inform policy and
practice around impact assessment for promoting health in resource extraction areas.
For informed decision-making by policy-makers and project developers wishing to mitigate
potential negative impacts and improve environmental health, a sound evidence base is
needed. As a foundation for the provision of adequate public infrastructures and resource
allocation promoting environmental health, an understanding of the settlement growth
dynamics in mining areas is needed (Stevens et al, 2015; Tatem, 2014; Wardrop et al, 2018).
Today, policy makers in SSA, often rely on census data for information on population size in
their constituencies for allocation of fiscal resources and development planning (UN, 2017).
With a temporal resolution of commonly around 10 years, this data is however not capable to
capture the rapid changes in mining settlements (UN, 2017). Hence, for growing settlements
in remote mining areas in SSA to be built sustainably and inclusively, novel approaches for
tracing settlement growth at high temporal and spatial resolutions are needed (Farnham et al,
2020a; Tatem, 2014; Tatem et al, 2012).
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The impacts of mines on some of the environmental health determinants, such as air and water
pollution, have been extensively described in the literature. However, there is a limited
understanding of how mining projects indirectly affect these EDH and potential community
exposures to such pollution. Hence, research on the environmental health impacts of mines
need to look beyond the mine as the only source of pollution and explore the different pathways
mining projects affect environmental health. These include changes in local infrastructures,
such as housing, water and sanitation facilities, as well as alternative sources of pollution, such
as from cooking with polluting fuels. In light of the scarce and inconclusive evidence on the
overall impacts on associated health outcomes mainly stemming from case studies and singlecountry analyses, further research that explores these connections at a larger scale is needed.
Finally, the findings on the diverse impacts of mining projects on health need to be accessible
for informing HIA policy and practice. Innovative approaches for research communication can
help to convey these findings to a multi-disciplinary set of stakeholders that are involved in
impact assessment.
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2 Aim and objectives of the PhD project
The overarching aim of this PhD project was to assess the impacts of mining projects in SSA
on EDH and associated health outcomes in affected communities.
Based on the identified research gaps, four distinct objectives were pursued within this PhD
project:
1. to develop and apply novel approaches to quantify annual settlement growth patterns
in rural mining settlements in SSA using freely available satellite imagery;
2. to study the associations between mining projects and housing infrastructures and
respiratory diseases in children.
3. to evaluate the impacts of mining projects in SSA on water and sanitation
infrastructures and associated child health outcomes;
4. to determine how health is integrated in impact assessment practice of mining projects
in SSA;
These objectives formed the working packages (WP) 1-4 and served as a starting point for the
manuscripts produced in the frame of this PhD project (see Figure 2-1). In addition, materials
facilitating research communication with the diverse stakeholders in mining areas were
produced throughout the PhD project (WP 5).

Figure 2-1 Work packages (WP) framing the work pursued under this PhD project.
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3 Overall methodology
3.1

Health impact assessment for sustainable development (HIA4SD) project

This PhD project is embedded within a larger research project entitled: "Health impact
assessment for sustainable development” (HIA4SD) funded by the Swiss National Science
Foundation (SNSF) and the Swiss Agency for Development and Cooperation (SDC) within the
frame of the Research for Development (r4d) funding scheme (Farnham et al, 2020a; Winkler
et al, 2019). The overarching goal of the HIA4SD project is to generate a sound evidence-base
on the role of natural resource extraction projects in the progress towards the health-related
SDG targets. The project is being implemented by two research institutions in Switzerland in
collaboration with partner institutes in four countries in SSA, namely Burkina Faso, Ghana,
Mozambique and Tanzania (see Table 3-1).
Table 3-1 Composition of the “Health impact assessment for sustainable development” (HIA4SD) project
consortium

Partner Institute

Name (role)

PhD Students (and topic)

Swiss Tropical and Public

Dr. Mirko Winkler (PI, overall

Andrea Leuenberger

Health Institute

project coordinator)

(Social determinants of health)

Switzerland

Dominik Dietler
(Environmental determinants of health)
NADEL, Center for

Dr. Fritz Brugger (Co-PI)

Development and
Cooperation, ETH Zurich
Burkina Faso
Institut de Recherches en

Prof. Serge Diagbouga (Co-

Hyacinthe Zabré

Sciences de la Santé

PI)

(Health economics)

Prof. Fred Binka (Co-PI)

Belinda Nimako

Ghana
University of Health and
Allied Sciences

(Health systems)

Mozambique
Centro de Investigação em

Dr. Eusebio Macete

Herminio Cossa

Saúde de Manhiça

(Co-PI)

(Childhood and maternal health)

Dr. Fredros Okumu

Isaac Lyatuu

(Co-PI)

(Morbidity and mortality)

Tanzania
Ifakara Health Institute
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In total, six PhD students work under the project, each focusing on a different thematic focus
that complement each other (Table 3-1). This approach allows for triangulation of the findings
(e.g. comparison of impacts on social and environmental determinants of health at the local
and national-level). The findings of the present and the five other PhD theses will inform a
policy dialogue at the national (in the four project countries) and international-level to
strengthen the application of impact assessment as a regulatory mechanism.

3.2

Data used for the PhD project

While the project is predominantly implemented in the four partner countries in SSA (Burkina
Faso, Ghana, Mozambique and Tanzania), this PhD thesis draws from different secondary
data sources to inform the research questions under the different objectives. The findings from
these analyses were contextualized by the experiences gained from field experiences in
industrial mining sites in Burkina Faso and in ASM sites in Ghana. Video materials from these
insights have further been used for the development of short clips that were produced in
collaboration with the digital storytellers project of the r4d programme (see links in Chapter 8).
For all manuscripts developed under this PhD thesis, the Standard & Poor’s Global Market
Intelligence Mining Database provided information on the location and other characteristics of
the mines in SSA (Standard & Poor's Global). The list of mines provided by this dataset allowed
selecting the case study sites for testing the novel remote sensing approach for tracing
settlement growth in mining sites (article 1; see Chapter 4). Further, the location and the
information on the operational status allowed selecting household and child data around
mining sites, which served for studying the impacts of mines on water, sanitation, and housing
infrastructures as well as associated health outcomes (articles 2, 3, and the vHealth
communication; see Chapters 5, 0, and 8). It also provided the list of companies to be
contacted for requesting impact assessment reports (article 4; see Chapter 7).
For article 1, satellite imagery from Landsat and Google Earth was used. The Landsat archive
provides satellite imagery dating back to the early 1970s and was opened up to the public in
2008, providing unique opportunities for research (Woodcock et al, 2008; Wulder et al, 2012).
For articles 2 and 3 and the vHealth communication, data from Demographic and Health
Surveys (DHS) is used. DHS have been conducted in many developing countries worldwide
since the late 1980s allowing for comparisons over time and between countries.
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Additionally, the vHealth communication drew on a mixed-methods approach, using data from
mapped water infrastructures and information from the focus group discussions conducted
during the HIA4SD field missions in Tanzania.

3.3

SDG tagging

The different thematic areas that were covered as part of this PhD thesis were categorized
according to the corresponding SDGs. Most prominently, the SDGs that were relevant in the
articles that were developed under this PhD project were tagged. The methodology for SDG
tagging was developed in collaboration with other researchers at Swiss TPH, United Kingdom
Research and Innovation, and the University Hospital Heidelberg (see Annex, Section 11.1).
The editorial outlines the ongoing efforts by the journal Tropical Medicine and International
Health to increase the visibility of the contributions of science to advance the work towards the
SDGs.
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Abstract
Industrial mining transforms local landscapes, including important health determinants like
clean water and sanitation. In this paper, we combine macro-level quantitative and micro-level
qualitative data to show how mining projects affect water infrastructures and ultimately health
of affected communities. Although we observed a positive trend of improved water
infrastructure in mining settings, surrounding communities are also characterized by water
scarcity and water quality degradation. The video at the core of this publication showcases
inter-linkages of the findings obtained at the macro- and micro-level and embeds our results in
their geospatial context. Our study shows that while mining projects can have positive impacts
on development of local water infrastructure, improved management of negative impacts of
mining projects is needed for promoting “Good health and well-being” and “Clean water and
sanitation” as promulgated by the Sustainable Development Goals of the 2030 Agenda.

Keywords
Extractive industries, health, impact assessment, mixed-methods, WASH
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Introduction
Water security is one of the key public health issues of the 21st century (Boretti and Rosa,
2019). The importance of water is also reflected in the 2030 Agenda for Sustainable
Development, aiming for “universal and equitable access to safe and affordable drinking water
for all” under the sixth Sustainable Development Goal (SDG) (United Nations, 2015). Access
to water is intrinsically linked to the attainment of good health and well-being – prominently
featured in the 2030 Agenda for Sustainable Development under SDG 3. Achieving these
ambitious goals requires collaboration between different sectors – including extractive
industries.
Large resource extraction projects, such as industrial mines, are an important economic driver
in many of the countries where water scarcity is an acute problem (Admiraal et al., 2017). The
implementation of mining projects can have a positive effect on local water infrastructures
through direct investments and local economic growth (von der Goltz and Barnwal, 2019). On
the other hand, mining activities can increase the demand of local water resources or cause
water pollution, and therefore, negatively affect access to clean water in local communities
(Kemp et al., 2010; Schrecker et al., 2018). Rapid in-migration of job seekers to the often
remote and rural areas can additionally strain the often weak water infrastructures and limited
water resources (Pelders and Nelson, 2018). Hence, as a key determinant of health, changes
on local water resources are closely interlinked with the health and well-being of affected
populations (Marcantonio et al., 2021).
To assess these positive and negative impacts of large infrastructure projects on water
resources and health, environmental impact assessments (EIAs) are conducted in virtually all
countries in the world (Morgan, 2012). EIAs aim to determine how to mitigate potential negative
environmental impacts along with maximising potential benefits for society prior to project
development (Morgan, 2012). Hence, impact assessment can serve as a tool to engage mining
companies toward the attainment of the 2030 Agenda for Sustainable Development (Winkler
et al., 2020).
To inform impact assessment practice, it is important to better understand in which direction
and to what extent water infrastructures are impacted in mining settings and ultimately how
this affects the health of surrounding communities. To date, studies on the impacts of mining
projects on water often focus on environmental effects, while the inclusion of health
implications for surrounding communities remains weak. Particularly, research triangulating
qualitative and quantitative data at both supra-national and local level data is scarce. In this
paper, we utilized a mixed-methods approach to better understand how mining affects access
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to safe and affordable water and how this affects the health status of local communities in subSaharan Africa.

Methods
In the frame of a multi-country research project, we combined quantitative and qualitative data
(Figure 8-1) (Farnham et al., 2020; Winkler et al., 2020). Quantitative data were used to
analyse the trends in access to different water sources (i.e. piped water, wells, surface water)
from a macro-level perspective. Based on qualitative data, water reliability and quality were
described on a micro-level as perceived by affected community members. Together with
insights from EIA reports, we triangulated all our findings to present a comprehensive overview
of the complex and dynamic relationship between mining projects, water infrastructures and
community health. The video at the core of this publication allowed us to embed our results in
their geospatial context and to showcase linkages of the findings obtained at the different
levels.

Figure 8-1 Overview of methodological approach to investigate and map water infrastructure for
community health in mining settings (SDG: Sustainable Development Goal)

Macro-level: regional trends on water infrastructure around industrial mining sites
For quantifying the impacts of the mines on water infrastructure at the national and supranational level, data from all Demographic and Health Surveys (DHS) conducted in 34 sub90

Saharan African countries were combined (Dietler et al., 2021). DHS data is generated through
repeated standardized household surveys, allowing for comparison of access to water in
mining areas both across and within countries over time.
The Standard & Poor’s Global Market Intelligence Mining Database featuring all large mines
in Africa was used to select the more than 189,992 DHS households located within a 100 km
distance of an industrial mine (Dietler et al., 2021). The households were grouped depending
on their distance to the mining site. Households located within a radius of 5 km from a mining
project were classified as impacted. Households at a distance of 50-100 km from the closest
mine were used as comparison group. Households located in larger cities were excluded from
analyses. Using multi-level multinomial logistic regression models, the impact of proximity to a
mine on access to water infrastructures and diarrheal incidence in the two weeks prior to the
survey was analysed.
Micro level: perceived impacts on water and health of communities living around
industrial mining sites
For better understanding the impacts of mining companies on local water infrastructure, we
collected primary data in two industrial gold mining sites in north-western Tanzania. More
precisely, we engaged with communities around the Buzwagi and Bulyanhulu Gold mine.
Rooted in “Qualitative GIS” (qualitative geographic information system), we first conducted
focus group discussions (FGDs), followed by a thematic analysis to extract statements related
to water. Subsequently, we geo-referenced the water sources mentioned during the
discussions (Lechner et al., 2019; Leuenberger et al., 2021).
Data triangulation and visualization
Based on the individual quantitative and qualitative research related to this work, we identified,
extracted and combined findings on emerging water and health issues for this data
triangulation. Additionally, we contextualised the findings with insights from EIA reports of the
two mines in the selected study sites, which were systematically screened for water-related
issues. We visualised our findings from the different data sources and levels of data analysis,
including spatial components in a short video clip. This approach allowed us to contrast and
contextualise our findings from the different levels by portraying the situation on the ground.
The main purpose of our visualization was to create a tangible communication tool to present
our mixed methods research approach and findings to a broad audience.
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Results
Based on the quantitative data, we found that across all included countries in sub-Saharan
Africa, households located closer to a mine were almost 4-times more likely to have access to
modern drinking water sources, such as piped water, while relying less on surface water.
However, stratified analyses revealed that mainly the wealthier households profited from these
overall positive trends in mining regions (Dietler et al., 2021).
These findings from the DHS data analysis were mirrored by the qualitative data collected in
two mining areas in north-western Tanzania (Leuenberger et al., 2021). In both study sites, the
mine supported the construction of water access points, such as taps, pumps or drilled wells
for surrounding communities. However, FGDs participants raised concerns about water
accessibility. Additionally, we observed several abandoned or not operational pumps, which
were originally implemented by mining companies. This confirms participants’ notion on the
lack of sustained improvements water infrastructure. Besides technical aspects, participants
from both study sites reported negative impacts of the mining operations on the availability and
quality of drinking water from traditional water sources, such as open wells and rain water
collection systems. Further, they linked the scarcity of water and poor water quality with
adverse effects on their health status. For example, some participants perceived an increase
in diarrhoeal diseases due to the polluted water. On the other hand, quantitative data on the
incidence of childhood diarrhoea shows no association between the location of the mines and
incidence of diarrhoeal diseases (Dietler et al., 2021). This may be explained by the diversity
of factors influencing diarrhoea incidence, including nutritional status, personal hygiene and
access to safe drinking water and food.
Screening of the impact assessment reports of the two mining projects revealed that besides
various community development initiatives, interventions related to water infrastructures were
considered in both mining sites. Both reports included aspects related to water quality and
availability in surrounding communities. However, the planned interventions to mitigate these
impacts around the Buzwagi mine were more comprehensive compared to the Bulyanhulu
mining project. Despite these mitigation plans, our results from the micro-level analyses
suggest that communities around Bulyanhulu benefited more from investments in water
infrastructure compared to the communities around Buzwagi. This indicates a potential gap
between mitigation plans and actual implementations.

Conclusion and outlook
By combining quantitative and qualitative data, this study highlights differences in impacts of
mining companies on water infrastructure and related health effects from a macro- and microlevel perspective. The triangulation of these different perspectives allowed us to identify
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pockets in society that did not profit from the overall positive impacts by the mines on water
infrastructure. These developments could potentially be driven by direct investments by the
mine, but also be the result of overall economic development and increased engagement of
the local government in the water sector (Admiraal et al., 2017). Yet, more research is needed
to better understand how positive impacts can be maximized and focussing on exposure
pathways of local communities to these chemicals. Nevertheless, our results show that mines
play a major role for both positive and negative impacts on water availability and quality for
local communities and their health.
This data triangulation was realized within the frame of a larger research project, aiming to
generate sound scientific evidence to promote the use of Health Impact Assessment (HIA) in
sub-Saharan Africa (Farnham et al., 2020; Winkler et al., 2020). This visualization along with
other audio-visual material was produced to communicate the multi-layered research results
to a broad audience and facilitate an informed and effective policy dialogue. In particular, this
vHealth communication can increase accessibility and raise awareness of public health
science in traditionally non-health sectors. Reducing the barriers between different sectors and
disciplines can foster intersectoral collaboration. This type of intersectoral collaboration
between public health practitioners and researchers, international policymakers and local
communities is key to achieving SDG 3 “Good health and well-being for all” and SDG 6 “Clean
water and sanitation” by 2030.

Box 1: Motivation


Create a tangible communication tool to present our mixed methods research approach
and resulting findings to a broad audience



Visualize and integrate different data sources and levels of data analysis, including
geospatial aspects



Show the different types of water infrastructures commonly found in mining areas on the
African continent
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Box 2: Software used


Content visualization and animations: Microsoft Power Point 2016 (Microsoft
Corporation, Edmond; WA, USA)



Three-dimensional fly troughs: Google Earth Pro version 7.3.14507 (Google, Inc.,
Mountain View, CA, USA)



Video editing: DaVinci Resolve 15 (Blackmagic Design, free download available

here)

Story grid
#

Text

1

This is Buzwagi. On this site a large gold mine was established

2

Image

- Buzwagi mine (far
away shot filmed
in 2001.
from the car)
Whenever large infrastructure projects, such as mines, are - Picture of
market/gold seller
developed in a rural area, like Buzwagi, local communities
- Nice housing
experience changes in their social and physical environments.
Positively, the mine can boost the local economy, or contribute
to community development overall. Such changes could
potentially improve community health and well-being in the long
term.

3

Negatively, the arrival of a mine can also increase contamination
of air, water and soil. This, and a rapid influx of people can add

- Mine (GGM)
- School with many
children (e.g. BF)

to the strain on often weak and overburdened public
infrastructures. When infrastructures are under strain, diseases
spread more.
4

One factor large mines can positively and negatively affect is - Woman pumping
water in BF
local water infrastructure. Clearly, safe and clean water is key to
good health and well-being.

5

Before such big projects are developed, their potential impacts
should be assessed. So called “impact assessments” identify
positive and negative impacts, including health aspects.
The final impact assessment report includes a mitigation plan.
The aim of such a mitigation plan is to minimize negative
impacts and maximize potential benefits for local communities.

6

Where natural resources are extracted assessments show if the - Water/dam where
kids are playing
impact on the water infrastructure is positive or negative and
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how big these positive and negative impacts are. Ultimately, the - Top box of
methods overview
impact assessment shows how the new mine affects the local
figure
water and how this affects the health of communities. To
understand these connections, we combine quantitative and
qualitative data.
7

With the quantitative data we analyze the settings from a macro- - Rest of methods
overview figure
level. This is complemented by micro-level qualitative data.
animated
To quantify the mines' impacts on water infrastructure at the
national and supra-national levels, we combined data from all
Demographic and Health Surveys, short DHS, in sub-Saharan
Africa.

8

We then used another dataset, featuring all large mines in Africa - Rest of methods
overview figure
to select approximately 200’000 households located in proximity
animated
to a mine. Using regression models, we analyzed the impact of
having a mine nearby.

9

To better understand the impacts of mining projects on local
water infrastructure, we visited two industrial gold mining sites

- Research team in
a car (on a shaky
road)

in northwestern Tanzania. In villages around the Buzwagi and
Bulyanhulu Gold mines, we engaged with community members.
10

One year later, we visited the villages again to map and observe - Figure: Methods
overview
water sources and water bodies mentioned by the community
(animated)
members.

11

Additionally, we screened Environmental Impact Assessment - Figure: Methods
overview
reports for water related issues.
(animated)
The quantitative data showed that the mines had a positive - Far-away GE
imagery
impact on water infrastructure across all included countries in
highlighting the
sub-Saharan Africa. The closer the households were to a mine
countries that
were covered with
the more improved water sources, such as piped water, were
DHS data
available. Overall, the households in the first 5 kilometers from - (pop-up) Graph
showing
a mine were around 4-times more likely to have access to piped
percentages of
water than households further away. However, these benefits
different water
sources by
were not distributed equally, with poorer households profiting
distance
less.

12

13

The same pattern exists when focusing only on Tanzania.
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- Zoom to Tanzania
(whole country) on
GE

14

These findings from the DHS data were mirrored by the

- Zoom to
Buly+Buzwagi,
qualitative data from our visits to Buzwagi and Bulyanhulu. In
potentially
both sites the mine installed or financially supported many
explaining the
colours and
different water access points for surrounding communities.
symbols in the
These included taps and pumps. Zooming to the two sites, we
narration
see the locations of some of these investments.

15

Community members living around the Bulyanhulu mine said - Bulyanhulu taps
how important new and reliable drinking water sources, such as
taps and drilled wells, were.

16

For example, one participant told us:
there is a drilled well also constructed by the mining
company and we are using water from this well for

- Bugando source
video with
quotation showing
up

drinking. Also the well is fenced and there is a tap, it
is a modern one.
17

Around the Buzwagi mine, more than a dozen new pumps were - Buzwagi and Iboja
Pump (Buzwagi
installed in several villages. However, participants reported that
site)
some pumps are not operational and we found several pumps
abandoned.

18

Besides technical aspects, participants from both sites reported

- Julius well

negative impacts on the water availability and quality. They
described that their wells are dried-up and suspected the reason
was that the mine needs more water. More importantly, they
complained about the poor water quality. They said the water in
their wells is smelly, salty or oily. According to the participants,
chemicals get into their unprotected wells through the air or
penetrate their water sources underground.
19

They said:
Through blasting activities where the water from the
poison dams can penetrate underground and enter

- Same as above:
video continues,
quotation showing
up

in our water sources.
20

Also, local residents were afraid to use the rain water, which they - Rainwater
collection system
traditionally collect as drinking water. Blasting in the mines
(Chapulwa
sends black particles into the air that land on their roofs. This
Primary School)
dust is washed directly into their water collecting systems.

21

In the words of a participant from Kakola Number 9:
You cannot fetch rainy water because it is black
96

- Quotation
showing up

because of the dust stacked on the roof, you cannot
drink it.
22

Further, participants linked these problems with the water to
their health. As another participants said:
The water is not safe […]. That water causes
miscarriage, causes diseases like urinary tract
infections and stomach diseases, so we do not trust
the water that we use.

23

- More images from
water
sources/water
fetching
- Same as above:
video continues,
quotation showing
up

- Methods figure
- Tap with woman
better mitigation plans in impact assessment. But when we
Acacia
looked at the impact assessment reports of the two mining
We then wanted to know if better results can be explained by

projects we saw that this was not the case. Both reports included
aspects related to water quality and quantity. But the outcome
in Bulyanhulu was better even though the mitigation plan in the
Bulyanhulu report covered less than the Buzwagi-report.
24

- Figure: methods –
now with visuals
data, and offered macro- and micro-level perspectives. The
from findings
findings indicate different impacts of mining companies on water
(graph, wells)
To sum up, this study combined quantitative and qualitative

infrastructure and on health.
From the macro-perspective, we found overall positive impacts
of mines on local water infrastructure. So, water infrastructure
around mining projects is more developed compared to nonmining regions. On the other hand, both the macro and the
micro-level analysis showed that there are pockets in society
that do not profit from these positive impacts.
25

Although the mines build new water access points, availability

- Dirty dam

and access to clean water is still a major issue. Particularly when
the mine uses chemicals that pollute the environment, this is a
major concern for the residents of the surrounding communities.
Taken together, we can conclude that mines play a big part in
both positive and negative impacts on water for local
communities and their health.
26

Impact assessment could be a promising tool to manage these - ASGM community
meeting Ghana
impacts. Our results point out that this tool should be used to
address communitie’s needs in an equitable manner – this
includes the health and well-being of the most vulnerable
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populations. Most importantly, anticipating future impacts is not
enough. In addition, ongoing and collaborative management
and monitoring are essential to ensure any positive effects.
27

In the spirit of the 2030 Agenda for Sustainable Development – - Woman riding off
with jerry can on
“leave no one behind” - inclusive impact assessment of mining
her bike
projects together with community liaison activities could make it - SDG Wheel
possible to strive towards universal access to water for all as a
key element for health and well-being.
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8.2

Digital storytellers videos

8.2.1 Video: A Multidisciplinary Approach to Researching Health Impacts of Large Mines Community Voices
Link to video: https://www.youtube.com/watch?v=yznfib03nj8& (produced in collaboration
with Andrea Leuenberger)

Figure 8-2 Screenshot of digital storytellers video on the overarching “Health impact assessment for
sustainable development” (HIA4SD) project

8.2.2 Video: How can community health around large mines be improved? - Community
Voices
Link to video: https://www.youtube.com/watch?v=sj6v5FMYVVI&t

Figure 8-3 Screenshot of digital storytellers video on the perceived health impacts in mining
communities in Burkina Faso
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9 Discussion
The aim of my PhD thesis was to assess the impact of mining projects in SSA on EDH and
associated health outcomes in affected communities. The four manuscripts presented in
Chapter 4-7 and published in or prepared for publication in the peer-reviewed literature, build
the core of the thesis. The papers detail the potential direct and indirect pathways of mining
projects on EDH and associated health outcomes (Chapter 4, 5, and 0) as well as a review
studying how health is addressed in impact assessment reports (Chapter 7). In addition, the
development of a vHealth communication piece and two short video clips provide further
perspectives on health issues in mining areas from the field missions in the frame of the
overarching HIA4SD project (Chapter 8).
The discussion of the findings from these manuscripts starts with reflections on the impacts on
settlements and access to essential infrastructures, such as quality housing and improved
water and sanitation infrastructures (Section 9.1). In Section 9.2 follows a discussion on the
different pollutants mining populations are potentially exposed to within and around their
houses. The next Section (9.3) draws the link to the different health outcomes that are
associated with the EDH that were investigated in this PhD project. Against the findings on the
diverse impacts on environmental health and the results from the screening of impact
assessment reports, Section 9.4 contrasts the current state of impact assessment against its
five core values. This includes reflections on the suitability of the data used in this PhD project
for impact assessment and a broader discussion on the relation of mining projects with the
2030 Agenda for Sustainable Development. The next section draws overall conclusions of the
thesis and proposes options on how impact assessment practice could be further improved for
unfolding its full potential (Section 9.5). Lastly, potentials for further research are outlined in
Section 9.6.
Together and individually, the activities under this PhD project contribute to the value chain
promoted at Swiss TPH – from innovation and validation to application. Innovation corresponds
to the development of new tools and methods. Validation refers to the testing of such tools and
methods in real-world settings. In the application step, the rigorously validated tools, methods
and concepts are integrated in the health system or transformed into policies. The contributions
of the different manuscripts developed under this PhD project to the core activities of Swiss
TPH are summarized in Table 9-1.
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Table 9-1 Contributions of the different manuscripts developed under this PhD project to the core activities of Swiss TPH: innovation, validation and application

Chapter
4: Migration

Innovation

Validation

- Development of an approach for annual

- Testing and fine-tuning of

quantification of settlement growth using only

the workflow on one

freely available data

mining site

5: Housing

- Combination of large

infrastructures and

datasets for impact

indoor air pollution

evaluation at the

6: Water and sanitation

continental-scale

Application
- Application of method in three other
mining sites in Burkina Faso

- Findings will inform and facilitate policy
dialogue to promote the use of HIA

infrastructures

7: Health in impact
assessment practice

- Innovative approaches to gather impact

- Validation of suitability of

assessment reports through semi-systematic

the different approaches to

Google search and contacting schedule for

obtain impact assessment

companies

reports

- Findings will inform and facilitate policy
dialogue to promote the use of HIA

- Development of a framework and a screening
methodology to efficiently assess the inclusion
of health in impact assessment reports
8: vHealth
communication on
water infrastructures in
Tanzania and other

- Triangulation of quantitative and qualitative

- Application of a qualitative GIS

findings

approach to contextualize findings from

- Visualization of research findings using

FGDs in the broader environment

modern communication techniques

- Development of communication tools

video materials

for use in the policy dialogues,
stakeholder meetings and teaching
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9.1

Impacts of mining projects on overcrowding

The potential for rapid in-migration of job-seekers to mining sites has been described by
different case studies as well as international guidance documents for HIA (IFC, 2009b;
Jackson, 2018). These dynamics can overburden public infrastructures and lead to the
establishment of overcrowded informal settlements comprised of makeshift housing with little
access to services promoting environmental health, such as water and sanitation
infrastructures (IFC, 2009b; Marais et al, 2018; Pelders & Nelson, 2018). Surprisingly, in our
analyses, such overcrowding effects were not observed. Firstly, no marked differences in
population growth rates between mining and comparison areas were observed and secondly,
household sizes were comparable between mining and comparison sites. On the contrary,
even positive impacts on settlements were observed. Households in close proximity to mining
projects were characterized by increased use of finished construction materials and improved
access to essential services, such as improved water and sanitation. However, it is possible
that overcrowding effects are mainly seen in specific areas around mining projects, such as
villages where mine employees are recruited, which are not readily detected at the large-scale
in household survey or satellite data.
Many countries in SSA are facing the challenge to provide adequate housing and living
conditions (World Bank Group, 2015). This challenge is likely to be further exacerbated by the
overall growing population on the sub-continent (UN, 2019). Indeed, SSA is expected to
account for the largest population growth in the world in the next decades (UN, 2019). As the
significance of the mining sector is likely to grow in the future, these positive associations
between mines and housing infrastructures are promising for the work towards more healthy
living environments (World Bank, 2017).
Wealth emerged as a potential mediating factor for the positive impacts of mining projects on
the different infrastructures. In the statistical models, the level of wealth explained a large part
of the variation in the infrastructure indicators. Potentially, jobs created by the establishment
of a mine increase household wealth overall (Gamu et al, 2015; von der Goltz & Barnwal, 2019;
Wegenast & Beck, 2020). Since mines also create secondary markets for food vendors or
small-scale service providers, these benefits could even be shared beyond the directly
employed workforce (Gamu et al, 2015; Loayza et al, 2003). Household wealth in turn has
been found to determine access to better housing and other infrastructure promoting
environmental health, such as improved water and sanitation facilities (Armah et al, 2018;
Tusting et al, 2019; Zeeb et al, 2017). Overall, our findings add to the current scientific and
political debate on whether producer regions benefit from the extraction of their natural
resources. While we do not draw the direct link between mining and wealth, our results
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nevertheless point at important non-financial benefits for households in mining regions. Yet, in
all these associations, ASM operations can also play a significant role (Langston et al, 2015).
However, in the absence of comprehensive and reliable data on the ASM-sector, an evaluation
of their specific contribution to overall wealth is challenging.
The central role of wealth also sheds light on the population groups that are left behind in these
overall positive developments in mining communities. Indeed, among the poorer households,
no positive impacts on construction materials and sanitation infrastructures were observed,
while the improvements in water infrastructures were less pronounced than among the
wealthier households. The overall positive trends seen in clustered data from nationally
representative household surveys may mask the potentially adverse effects among some
subgroups within the communities. The establishment of an industrial mining project may
trigger two opposing dynamics in the development of settlements among the poor. On the one
hand, the mines can contribute to local economic benefits and can lift some less affluent
households out of poverty and thereby trigger improvements in housing quality and
infrastructures (Gamu et al, 2015; von der Goltz & Barnwal, 2019). On the other hand, the
households in mining areas that remain poor after mine opening are left out from overall
positive developments and migrants who settle in informal dwellings may even live in worse
environmental conditions than elsewhere (Bury, 2005; Marais et al, 2018). Particularly people
in informal settlements in mining areas who are not employed by the mine are more likely to
be marginalized from access to essential infrastructures (Marais et al, 2018). Such differences
in impacts in housing and water infrastructures were also observed on the field missions to
Burkina Faso and for the production of the vHealth communication video clip in Tanzania (see
Figure 9-1, panel A). For example, communities that were initially located on the mining
premises were resettled to modern brick houses that were regularly maintained (houses shown
in the video in Section 8.2.2), while the brick walls of households located right outside the
fence-line of the mine often got destroyed as a consequence of the vibrations from the mining
operations (see Figure 9-1, panel B). Overall, these findings underline the importance to stratify
population groups for studying impacts on potentially vulnerable population groups and to
promote environmental health equity in mining areas (Leuenberger et al, 2019).
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Figure 9-1 Water sources in a mining village in northern Tanzania (panel A; © Fadhila Kihwele);
destroyed brick houses located in close proximity to an industrial mine in Burkina Faso (panel B; ©
Dominik Dietler)

Apart from indirectly promoting improvements in housing infrastructures and access to water
and sanitation through changes in local household economies, mining projects also have
different direct entry points for fostering community development (Admiraal et al, 2017;
Littlewood, 2014). Firstly, they can provide housing infrastructures to mine workers or for
resettled communities (Cloete & Marais, 2020; Knoblauch et al, 2020b; Pelders & Nelson,
2018). Secondly, mines can engage in community development through their CSR activities
(Gardner et al, 2012; Littlewood, 2014). These could include, for example, funding of drinking
water or sanitation infrastructures (Littlewood, 2014). The analyses of the changes in different
household indicators in mining areas showed that particularly water infrastructures improved
rapidly after mine opening while improvements in housing and sanitation infrastructures occur
after some years of operation. Furthermore, among poorer households, only access to modern
water infrastructures improved significantly. This could be an indication that mining companies
directly invest in water infrastructures, while housing and sanitation infrastructures are
predominantly financed through wealth gains accumulated over longer periods.
However, CSR initiatives also have potential pitfalls (Gardner et al, 2012; Littlewood, 2014).
Firstly, sustainability of these investments can be challenging, if the financial means and sense
of ownership among the community and other stakeholders are lacking (Campbell, 2012;
Littlewood, 2014). Particularly when mining activities cease, infrastructures funded through
CSR initiatives are often not maintained (Littlewood, 2014). Top-down planning of CSR
activities with little involvement of local communities are root causes of unsustainable
interventions (Campbell, 2012; Littlewood, 2014; Mutti et al, 2012). The large number of
dysfunctional and abandoned water pumps found in the mining sites in northern Tanzania
could be an indication of such shortfalls. Secondly, access to modern drinking water sources
does not necessarily guarantee that the water is free from contamination (Kolala & Bwalya
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Umar, 2019). The observations in the field mirror these shortfalls. In the FGDs conducted with
local residents in mining sites in Tanzania, quality concerns were frequently reported. Similarly,
in Burkina Faso, local residents in a resettled community with mine-funded drinking water wells
feared infiltration of chemicals from the mine into ground water aquifers. In summary, direct
investments in infrastructures, such as water infrastructures, clearly are a potent means of
promoting environmental health in mining areas. However, these need to be carefully planned
in collaboration with the affected populations in order to address their specific needs and
ensure sustainability.

9.2

Impacts of mining projects on environmental pollution in and around households

Improvements in key factors determining environmental pollution improved significantly
stronger in mining communities compared to other areas. These include factors affecting
drinking water safety, such as the availability of piped water sources and improved sanitation
facilities, as well as the use of cleaner cooking fuels reducing potential indoor air pollution
emissions. However, the potential improvements in indoor air pollution through the increased
use of clean cooking fuels may be offset by increased smoking rates inside houses in mining
areas. Nevertheless, these developments show that mines can also positively affect
environmental quality through indirect effects. These can potentially counteract some of the
negative impacts of mines on water and air pollution that are extensively described in the
literature (Herrera et al, 2016; Kemp et al, 2010).
Water and air pollutants from the mines are not directly comparable with pollutants from
community sources though (Weiss et al, 2016). With regards to drinking water, the pollutants
of concern in areas with low access to improved water and sanitation infrastructures constitute
predominantly of microbial contaminants (Back et al, 2018; Bain et al, 2014; Cho et al, 2016).
Water pollutants from mining sites primarily include chemical pollutants, such as cyanide,
sulfuric acid and heavy metals (Knoblauch et al, 2020a; Schwarzenbach et al, 2010; Weiss et
al, 2016). Similarly, the chemical profiles can differ between indoor air pollutants and minerelated air pollution, depending on their sources (Aneja et al, 2012; Lai et al, 2019). The diverse
air and water pollutants in mining sites pose different environmental and health risks
(Manisalidis et al, 2020; Schwarzenbach et al, 2010; Weiss et al, 2016). It is therefore crucial
to comprehensively consider all sources of air and water pollution, both at the mining site and
within affected communities, for environmental management of mining operations (Ndombe et
al, 2007).
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The impacts on the community sources of environmental pollutants, such as the use of
traditional cooking fuels with unimproved cooking stoves, indoor tobacco smoking or open
defecation, were not evenly distributed across the socioeconomic strata. It is likely that the
households being excluded from the positive developments in the communities are spatially
clustered, potentially in informal settlements or in low-quality worker camps (Cloete & Marais,
2020; Pelders & Nelson, 2018). For example, studies showed that people with poorer
educational attainment are less likely to use clean cooking stoves (Wolf et al, 2017). This could
lead to pollution hotspots among marginalized households characterized by increased health
risks from environmental pollution. However, air and water pollutants do not remain at their
source but can disperse through water bodies, soils or by wind (Back et al, 2018; Lai et al,
2019; Ndombe et al, 2007). The formation of such pollution hotspots may therefore also affect
the wider community, even if they are characterized by overall increased access to
infrastructures, such as modern toilets or clean cooking fuels.
Furthermore, industrial mining sites are often flanked by ASM sites. Being subject to less
governmental oversight, ASM can add to the environmental health burden for the surrounding
communities (Dietler et al, 2020; Knoblauch et al, 2020a). The unavailability of comprehensive
data on ASM operations and the limitations of spatial information in the DHS data (artificially
introduced errors in GPS coordinates and aggregation of households into clusters) do not allow
to test for such small-scale spatial relationships between the different pollution sources (Elkies
et al, 2015). Hence, more spatially disaggregated data is needed to facilitate research on the
spatial distributions of the exposure to environmental pollutants from mining and non-mining
sources.

9.3

Impacts of mining projects on environmental health outcomes

In light of the overall improvements in housing quality, the increased access to water and
sanitation infrastructures and the more widespread use of clean cooking fuels, positive impacts
on child health indicators would be expected (Fink et al, 2011; Gakidou et al, 2017; Tusting et
al, 2020). At the same time, the increased prevalence of indoor tobacco smoking in mining
households could pose negative impacts on respiratory health (Öberg et al, 2011). In our
analysis, a reduction in stunting and undernutrition among children in mining areas was
observed, which is in line with the findings from another large-scale analysis of child data in
mining areas (von der Goltz & Barnwal, 2019). However, no clear patterns in other health
indicators, such as wasting, diarrhea or symptoms of acute respiratory infections were
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observed. Potential reasons for the absence of some of these associations are manifold,
including potential bias, lack of statistical power and counteracting impact pathways.
In general, the data used for health indicators were derived from DHS datasets. While the DHS
survey design aims to ensure comparability between countries and over time, local concepts
and understandings of the different diseases can vary (Manesh et al, 2007; Schmidt et al,
2011). Moreover, reporting of child morbidity increases with higher maternal education and
with increased access to improved water sources (Manesh et al, 2007). Hence, there is a risk
of diarrheal diseases and symptoms of acute respiratory diseases being underreported by the
poor and marginalized households in mining areas. This source of bias is likely to have led to
an underestimation of potential improvements in these child health outcomes.
Another issue with DHS data is the accuracy of the geographical coordinates for the sampling
clusters. The coordinates are displaced from their true location by up to 2 km for urban clusters
and up to 5 km for rural clusters (with up to 10 km positional error for an additional 1% of rural
clusters) (USAID, n.d.). As a consequence, the average distance between the clusters and the
mines is systematically overestimated (Elkies et al, 2015). These errors could have led to some
clusters crossing the boundaries between areas that were classified as impacted or used as
comparison in the statistical analyses. The resulting point estimates are expected to be
underestimations of the true effects of mining projects on the different health indicators (Elkies
et al, 2015).
Apart from these potential sources of bias in the DHS data, the health outcomes considered in
this study can also be impacted by the environmental health risks posed by ASM operations
(Dietler et al, 2020; Knoblauch et al, 2020a; Kyaw et al, 2020). Exposure to highly toxic
chemicals, such as mercury or lead, has been shown to hamper child development (Bansa et
al, 2017; Gibb & O'Leary, 2014; von der Goltz & Barnwal, 2019). Further, poor pulmonary
function and high levels of respiratory diseases have been found in miners and non-miners
(Knoblauch et al, 2020a; Rajaee et al, 2017). Lastly, diarrheal risks from poor sanitary
conditions in ASM sites have been reported (Yakovleva, 2007). Such negative impacts of ASM
activities may in part have counteracted the potentially positive health impacts from the
improvements in infrastructures in mining communities.
Other than ASM, disease-specific impact pathways for the different health outcomes in
industrial mining areas may also play a significant role. For child nutrition for example, the shift
of economic activities away from subsistence farming can reduce agricultural productivity due
to environmental pollution and the increase in food prices can reduce food security in industrial
mining areas (Aragón & Rud, 2016; Wegenast & Beck, 2020). Indeed, reduced food availability
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among women and decreased food diversity among children in mining areas have been
observed (Wegenast & Beck, 2020). Furthermore, resettlement to clear land for resource
extraction can strip rural communities that predominantly live from subsistence farming off their
livelihoods (Andrews, 2018). Such concerns were also expressed by the local residents in a
resettled village during the field visits in Burkina Faso. While they acknowledged the provision
of quality housing and drinking water, they lost their fertile agricultural land as important source
of food and income (see video in section 8.2.2). For respiratory diseases, the negative impacts
of air pollutants from the mines and the observed increases in indoor smoking rates could
oppose the potentially positive effects of the increased use of clean cooking fuels (Hendryx &
Luo, 2014; Herrera et al, 2016; Nkosi et al, 2020). For diarrheal risks, having piped water
sources does not necessarily mean that the water provided is safe to drink (Bain et al, 2014).
Due to the different codes used to describe water sources in DHS data, the classification into
basic, intermediate and modern water sources potentially clustered some improved and
unimproved sources together (UNICEF & WHO, 2017). Although, a large-scale comparison of
fecal contaminants in different water sources showed overall quality improvements in piped
water (Bain et al, 2014), a case study in a Zambian mining community found high levels of
pollution in piped water provided by the mine (Kolala & Bwalya Umar, 2019). Furthermore, the
capacity of wastewater treatment systems, hygiene practices, as well as the transport, storage
and treatment of drinking water can potentially affect the risk for diarrheal disease from drinking
water in mining regions (Prüss-Üstün et al, 2016; Wolf et al, 2018).
In summary, the pathways through which the environmental determinants interact with the
other determinants of health and ultimately shape health outcomes in industrial mining areas
are highly complex. Further, ASM operations that are often located close to these sites can
potentially further exacerbate the environmental health risks. The absence of improvements in
some health outcomes, despite the overall improvements in underlying environmental
determinants, underscores the importance to consider these diverse pathways when
managing potential impacts of mining projects to foster their full potential to promote progress
towards SDG 3. However, further research is needed to determine the direction and magnitude
of the impacts of mining projects on these alternative pathways.

9.4

Shortcomings in addressing health in current impact assessment practice

The variation in environmental health impacts of industrial mining projects between countries
and between socioeconomic strata within mining communities raises the question about the
policy and regulatory context in which these projects operate. Policy makers can draw from
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impact assessments for informed decision-making in the licensing phase of mining projects
(Harris-Roxas et al, 2012; Winkler et al, 2021). Impact assessment is an approach to identify
and minimize adverse impacts on affected communities, while maximizing potential
opportunities (Harris-Roxas et al, 2012; Winkler et al, 2021). In the following sections, the
shortcomings identified through systematically screening impact assessment reports of mining
projects are discussed in light of the findings from the analyses on mining-related impacts on
of the EDH and associated health outcomes. The discussion is guided by the currently revised
five guiding principles of HIA (Quigley et al, 2006; Winkler et al, 2021).

9.4.1 Comprehensive approach to health
As one of the five guiding principles of HIA, “comprehensive approach to health” demands for
the consideration of the wider determinants of health as well as their inter-relationships in the
impact assessment process. In current impact assessment practice of mining projects in SSA,
there is a strong focus on the physical environment. Health outcomes were only marginally
considered and limited to a few topics, such as human immunodeficiency virus (HIV) infections,
accidents, diarrheal diseases, malaria, malnutrition or respiratory infections. Hence, some
environmental health issues are indeed covered in current impact assessment practice. Still,
there are three major shortfalls in regards to how environmental health aspects are included
in impact assessments. First, in relation to other health outcomes, some environmental health
outcomes are commonly addressed in impact assessments. However, still the share of impact
assessment reports failing to mention these health outcomes at all in any part of the report
was around a quarter for diarrheal diseases, a third for acute respiratory infection and about
half of the reports for malnutrition. Second, the assessment was mostly limited to a baseline
description of these health outcomes, predominantly relying on secondary data from routine
health surveillance data or national statistics. Third, an assessment of the likely impacts of
mining projects on health outcomes through changes in health determinants were less
common. These shortcomings may also serve as an explanation for the lack of associations
between the mines and some of the associated health outcomes in the analyses of the
manuscripts in Chapters 5 and 0.
It is therefore important to thoroughly assess the different pathways between the mining
projects and these health outcomes. Furthermore, the dispersion of environmental pollutants
underlines the importance of assessing the spatial dimensions of these diverse impacts
(Ndombe et al, 2007). Water safety planning (WSP) and sanitation safety planning (SSP) could
help linking the water-related EDH with associated health outcomes (Bartram et al, 2009;
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WHO, 2016b). The aim of these approaches is to identify the diverse health risks of water
pollution along the entire water supply and sanitation chain (Winkler et al, 2017). Although
WSP and SSP are commonly initiated by drinking water and sanitation service providers,
mining companies could integrate concepts of these approaches in the impact assessment
process (WHO, 2016a; b). The application of some of the steps of WSP and SSP, such as the
systematic characterization of the water and sanitation system and identification of potential
exposure groups within the community, could serve as a baseline for subsequent prospective
assessment of potential impacts of mining projects on these pathways. This could also include
the potential risks from ASM operations in close proximity of industrial mining operations (Kyaw
et al, 2020). The considered communities include not only drinking water consumers, but also
the downstream users of wastewaters, such as farmers who are potentially affected by
changes in sanitary conditions in mining areas (Aragón & Rud, 2016; Winkler et al, 2017).
Hence, similar to the impact assessment approach, WSP and SSP can be means to engage
different stakeholders along the water and sanitation chain in the design of suitable
management plans (Winkler et al, 2017).
Addressing health comprehensively as a complex cross-cutting theme in HIA requires broad
public health expertise (Harris-Roxas et al, 2012; Winkler et al, 2020). However, technical
capacity among impact assessment practitioners is limited globally (Chilaka & Ndioho, 2020;
Winkler et al, 2020). Furthermore, studies show that the health sector is only marginally
included in the impact assessment process and that the awareness and capacity for
conducting HIA among health professionals is low (Chilaka & Ndioho, 2020; Fischer et al,
2010; Winkler et al, 2013). Hence, promoting a comprehensive approach to health in impact
assessment in SSA needs to go hand-in-hand with initiatives for strengthening technical
capacities of practitioners to conduct HIA (Harris-Roxas et al, 2012; Povall et al, 2013; Winkler
et al, 2013). In addition, increased HIA capacity building among policy makers and regulators
involved in the revision of impact assessment documents is needed for judging the adequacy
of the scope of the health aspects considered (Harris-Roxas et al, 2012; Povall et al, 2013).
To promote a comprehensive consideration of health in impact assessment, regulatory
mechanisms and technical guidance are needed. For industrial mining projects, the integration
of health impacts in the impact assessment process is required by international funding
organizations, such as the IFC or the members of the EPFI (IFC, 2012; The Equator Principles
Association, 2020). They further promote a broad inclusion of health aspects through their HIA
guidance (IFC, 2009a). Hence, the IFC could use its leverage to more specifically determine
and enforce a comprehensive scope in HIA. However, given the increasing role of investors in
the mining sector in SSA that are not committed to the IFC performance standards, resource113

rich countries should critically reflect whether their regulatory and legislative frameworks
promote sufficient consideration of health in the management of resource extraction projects
(Harris-Roxas et al, 2012; Krieger et al, 2012).

9.4.2 Equity and equality
The evidence of the stratified analyses and the triangulation with qualitative data showed that,
while overall positive impacts on infrastructures prevail, still some population groups,
particularly the poor, do not benefit equally. These findings could potentially be an indication
of a limited consideration of the specific needs of vulnerable populations in HIA described in
the literature (Buse et al, 2019; Leuenberger et al, 2019). A recent review showed that equity
concerns in the scientific HIA literature are predominantly focused on describing
socioeconomic health differentials, rather than aiming to understand the underlying causes for
these inequities (Buse et al, 2019). Such information would, be crucial for developing tangible
solutions for promoting health equity in mining areas.
The analysis of the DHS data underlined that caution has to be taken when quantifying impacts
at a higher geographical scale. While these overall associations provide valuable insights on
the impacts at the population level, the aggregation of data can potentially conceal specific
impacts on small population subgroups. For the assessment of the different health impacts on
vulnerable populations, spatially (e.g. relative location to the mine and informal settlements)
and socially (e.g. socioeconomic strata) disaggregated data are needed (Leuenberger et al,
2019; Povall et al, 2013; Winkler et al, 2011). The experiences from the application of a
“qualitative geographic information system (GIS)” approach, triangulating qualitative and
quantitative data with spatial information, highlighted the potential for generating an increased
understanding of the particular concerns of affected communities (Lechner et al, 2019).

9.4.3 Participation
The guiding principle on “participation” of HIA calls for an active involvement of affected
populations, including their right to be informed and influence decision-making processes
(Winkler et al, 2021). It connects to the equity principle by promoting community engagement,
a key tool for promoting health equity in the impact assessment process (den Broeder et al,
2017).
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Transparency in the impact assessment process is another aspect of ensuring involvement of
affected communities (Winkler et al, 2021). As outlined in Chapter 7, transparency seems to
be an issue in impact assessment practice in SSA. Increased transparency has the potential
to, at least in theory, increase accountability of resource extraction projects for their
environmental and social performance (Aung, 2017; Li, 2009). The lack of completeness of
potential health impacts outlined in the executive summaries of impact assessment reports
warrant to expand disclosure requirements to include the full impact assessment reports. The
IFC, having a leading role in setting international benchmarks for environmental, social and
health management standards, could spearhead such regulatory changes (Franks & Vanclay,
2013; Krieger et al, 2010). While the full impact assessment reports are technical, and hence,
predominantly of interest to researchers or advocates, alternative forms of communication can
be suitable for conveying the findings of impact assessments to affected communities. Modern
communication materials, such as the videos produced as part of the digital storytellers
program, could be useful for spreading the results from impact assessments to a wider
audience.

9.4.4 Ethical use of evidence
For informed decision-making on the design and management of mining projects, evidence on
their likely impacts needs to be generated synthesizing different information sources and using
sound methodologies. Currently, impact assessment practice relies predominantly on
secondary data sources for health outcome indicators, while environmental factors, such as
air and water pollution, are commonly measured in the field using a variety of sampling
techniques. In this PhD thesis, different data sources and methodologies were tested for
quantifying the impacts of mines on EDH at the household-level and associated health
outcomes. The following paragraphs include a reflection on the suitability of using such data
as a baseline or as monitoring data in impact assessment.
Satellite imagery was used to quantify changes in settlement growth. In the absence of reliable
information on population dynamics, such remote sensing approaches could provide valuable
estimates to monitor the extent of mining-related in-migration (Tatem, 2014). However, the
current workflow using Landsat and Google Earth imagery achieved only satisfactory accuracy
levels under certain conditions. While the satellite data sources were the most suitable data
sources for retrospectively tracking settlement patterns in the past, newer imagery sources,
such as from the Sentinel-2 mission, could be useful for prospective impact assessment.
However, new research is needed to test, whether the higher ground resolution of Sentinel-2
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allows for more accurate detection of settlement growth in rural locations, such as mining sites
(Wulder et al, 2015). Furthermore, the identification of suitable data for training data generation
using historic Google Earth imagery was laborious for some remote study sites. Hence,
currently, there is limited applicability for land-use classification for impact assessment
practice. Nevertheless, image repositories are continuously built up with higher-resolution
imagery, which could be promising for remote sensing to be a viable approach for prospectively
tracking settlement growth in the future (Schug et al, 2018).
Another potential application for remote sensing techniques is air pollution monitoring
(Beloconi et al, 2018; Beloconi & Vounatsou, 2020; Hammer et al, 2020). Exploratory analysis
in the preparation of the manuscript presented in Chapter 5 revealed that remotely sensed
ambient air pollution data did not capture increases in mining sites. The differences in air
pollution levels were likely to be too small to create a large enough signal in estimates of
average annual fine particulate matter (PM2.5) levels at a resolution of 1 km, particularly in
areas where dust from the Sahara desert constitutes a large fraction of the air pollutants in the
air (van Donkelaar et al, 2016). Data on air pollution collected by most of the mines either at
baseline or during subsequent monitoring could be more insightful. Public disclosure of such
data could not only increase the accountability of the companies, but would also open
potentials for research to combine ambient air pollution data with information on indoor air
pollution sources establishing their different roles in determining respiratory health in mining
areas.
Household and health indicators from DHS surveys are potent secondary data sources for
impact assessment and have been used as baseline indicators in some of the screened impact
assessment reports. The wide implementation of these surveys, the broad set of indicators
and the geospatial information provided with the DHS data rendered the dataset useful for the
impact evaluation studies. However, the spatial error hampers its applicability for providing
reliable data on specific potentially affected communities for impact assessments of individual
mining projects. Such data is needed for identifying and mitigating the varying impacts on
different population groups (Povall et al, 2013). Hence, for promoting health equity in mining
communities, collection of primary data through participatory qualitative research or household
surveys are more suitable (Leuenberger et al, 2019; Winkler et al, 2012a).
Data from routine health information systems, such as the District Health Information System
2 (DHIS2), could have potentials for monitoring selected health indicators over time (Farnham
et al, 2020b). Today, the system is used in more than 70 LMICs (DHIS2, n.d.). However,
currently three potential shortfalls limit its usefulness for monitoring health in mining areas.
Firstly, accessibility of data in a format and quality for use in scientific analyses is a challenge,
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additionally hampered by limited internet connectivity (Farnham et al, 2020b). Secondly,
definitions of indicators can change over time (Farnham et al, 2020b). Exchanges with local
administrators of the DHIS2 platform in Burkina Faso underscored the importance of
contextual knowledge for understanding the unique properties of the different health indicators.
Thirdly, some of the indicators include raw case counts for the different disease conditions in
a specific district. While this kind of data is crucial for health system management, information
on the population denominator is necessary in order to study trends over time in areas with
potential high fluctuation in district population (Tatem, 2014). If these shortcomings could be
overcome, the system has great potential for informing impact assessment practice (Farnham
et al, 2020b).
In summary, secondary data have potential for some aspects of impact assessment and
subsequent monitoring. However, when focusing on individual projects and for identifying
vulnerable population groups, the scope and depth of information that can be obtained through
primary qualitative and quantitative data collection in the field remains uncontested.

9.4.5 Sustainability
HIA can help to guide decisions that ultimately help advance the work towards the healthrelated SDGs (Winkler et al, 2021). Good HIA practice should include considerations of the
long-term effects of projects and hence, promote sustainable development (Winkler et al,
2021). Figure 9-2 summarizes the impacts of mining projects in SSA with the different goals
under the 2030 Agenda for Sustainable Development. Among the environmental health
determinants considered in this study, the mining sector has overall made positive
contributions towards achieving the corresponding SDGs. Additionally, improvements in some
of the health indicators were seen.
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Figure 9-2 Summary of impacts of mining projects on selected Sustainable Development Goals (SDGs)
found in this PhD project

The SDGs sets a shared vision for transforming our world (UN, 2015). Reporting on the SDGs
can enhance the visibility of the contribution of the mining sector on the progress towards this
vision (Galli et al, 2020). Indeed, different initiatives have started linking the impacts of the
mining sector to the SDGs (CCSI et al, 2016; IPIECA et al, 2017; RMF & CCSI, 2020).
Furthermore, also mining companies have started to use the SDGs to report on their social
and environmental performance as well as CSR activities (RMF & CCSI, 2020). However, there
has been indications of “SDG-washing” by some mining companies (RMF & CCSI, 2020),
meaning that instead of the SDG-framework guiding their community liaison activities, they
selectively link their positive impacts to individual SDGs, while concealing any negative
impacts. Nevertheless, if such reporting is done across the sector and if negative impacts are
included in the reporting as well, the SDGs and its indicators could serve as a common
language to track and compare the contributions of mining projects to sustainable
development.
The diverse impacts on a broad variety of SDGs underscore the strong interlinkages between
the environment, society and health. HIA is a useful tool to comprehensively act on the wider
determinants of health and hence, also contribute to the work towards achieving other goals
than SDG 3 (Thondoo & Gupta, 2020). HIA, as a stand-alone approach or integrated in other
impact assessments, can provide a platform for inter-sectoral collaboration (Dannenberg et al,
2008; Thondoo & Gupta, 2020). Similarly, the 2030 Agenda for Sustainable Development with
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its 17 SDGs requires people from different sectors and disciplines to work together (Dietler et
al, 2019). In light of the inter-connectedness of the three dimensions of sustainable
development – economy, environment and society –, a stronger integration of the different
impact assessment approaches should be considered, recognizing the connectedness
between the environmental, social and health issues (Harris et al, 2015; Thondoo & Gupta,
2020). If impact assessment of mining projects adheres to the five guiding principles for HIA,
the mining sector has potential to improve the health-related SDGs in the spirit of the 2030
Agenda for Sustainable Development “leave no one behind”.

9.5

Conclusions and recommendations for HIA practice

At the core of this PhD thesis is a series of analyses of impacts of mining projects in SSA on
EDH and associated health outcomes. They provide valuable quantitative insights to the
limited understanding of settlement growth patterns, water, sanitation and housing
infrastructures, and indoor air pollution sources in mining areas as well as their links with child
nutrition, respiratory health, and diarrheal diseases. Overall improvements in the studied EDH
were observed. However, these were only partly reflected by improvements in associated
health outcomes. Furthermore, large differences in these impacts between countries and
across socioeconomic strata were observed. These findings raise the question about the role
of health in current impact assessment practice of mining projects. A comprehensive screening
of impact assessment reports of mining projects in SSA revealed a lack of transparency, a
narrow consideration of health factors and a lack of primary health data collection in current
impact assessment practice.
In light of these findings, the following recommendations for addressing the shortcomings of
current impact assessment practice in the mining sector in SSA are offered for consideration:
-

Although the EDH were prominently featured in impact assessment reports, gaps in
the consideration of associated health outcomes persist. International regulatory
frameworks, such as the Performance Standards put forth by the IFC, can serve as
benchmark for setting minimal requirements for the scope of health in impact
assessment of mining projects. However, considering the increasing role of foreign
investors in Africa’s mining sector, national authorities should also reflect whether
health aspects are sufficiently addressed in impact assessment policies and regulatory
frameworks at the national-level. The insights from the analyses on the role of HIA in
the legislative process of mining projects conducted by the HIA4SD governance stream
should be factored in to this discussion.
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-

The findings suggest likely reductions in air and water pollution from community
sources in mining areas. However, some population groups seem to be excluded from
these developments. The diverse pathways determining the environmental health risks
need to be recognized. For the assessment of these indirect pathways of mining
projects on health, spatially disaggregated data on potential exposures are needed. In
addition to the mine as source for pollution, different pollution sources in the
communities need to be included in the assessments. Integration of other established
approaches, such as WSP or SSP could be tested for their capability to identify and
manage such exposure pathways on the different population groups. Such endeavors
could include potential impacts of ASM operations.

-

The unequal distribution of the benefits of mining projects warrant an increased equity
focus in impact assessment. For this, the assessment of impacts on environmental
health outcomes needs to be conducted conjointly with considerations of the social
determinants of health. Recognizing these inter-connections between different health
determinants can allow identifying the root causes of the different impacts experienced
by the different population groups in mining areas. As a foundation for promoting health
equity in impact assessment, data needs to be available that allows for systematic
stratification of the community subgroups. Further research is needed to inform such
considerations in future impact assessment practice.

-

Baseline data on health outcome indicators in impact assessment stem primarily from
secondary sources. As identified in this PhD thesis, many of these sources, however,
lack the spatial resolution and accuracy or the depth of information for adequately
assess health impacts. For addressing the specific health needs of vulnerable
population groups, primary data collected through household surveys or using
qualitative methods are preferable. Repeated follow-up data collection rounds should
be considered to guide the design and to monitor the effectiveness of mitigation plans.

-

For addressing these shortcomings, increased awareness and technical capacity for
HIA among practitioners and policy-makers is needed. To strengthen its application, all
efforts to promote HIA should therefore be made together with training and capacity
building.

-

Finally, impact assessment reports are difficult to obtain and monitoring data are rarely
published. Public disclosure of the process and findings of impact assessment reports
should therefore promoted by regulating bodies. This could not only increase the
accountability of the mining sector for potential negative impacts, but could also
increase the visibility of their positive contributions towards the 2030 Agenda for
Sustainable Development.
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In summary, apart from the negative direct impacts from environmental pollution, mining
projects exhibit considerable potential to improve environmental health through indirect
pathways. HIA can help fostering the positive impacts on these indirect pathways, while
mitigating potential health risks to ultimately promoting the work towards the health-related
SDGs. The clock is ticking for achieving the SDGs by 2030. Having entered the “Decade of
Action” while facing the challenges of a global pandemic, the opportunities provided by mining
projects to accelerate the work towards the SDGs are not to be missed. By addressing the
identified shortcomings and adhering to its guiding principles, HIA has the potential to foster
this potential and to ensure that the positive contributions of mining projects to the SDGs
adhere to the spirit of the 2030 Agenda for Sustainable Development – “leave no one behind”.

9.6

Outlook and further research needs

The HIA4SD project is in the transition to the communication and application phase. During
the next 2 years, the project proponents will aim to induce a policy dialogue at the national and
international level to promote the use of impact assessment in countries that are rich in natural
resources. The combined findings gained in this PhD project, by the other five PhD students
under the HIA4SD project, and the results from other research activities under the governance
work stream will inform the policy dialogue. Hence, a crucial activity in preparation of this phase
will be to compile all the information gained during the first phase of the project between 2017
and 2020. Potential formats that could to be useful for communicating these findings to policy
makers could include policy briefs or other communication materials, such as the development
of the project website and the production of video materials. Furthermore, data triangulation
efforts, drawing from the insights of the different studies, could be published in peer-reviewed
journals and policy briefs.
More specifically, with regards to the research focus of this PhD project, the following research
topics emerged:
-

Assess the effectiveness of good HIA practice to improve health. For this, the
information on the quality of inclusion of health in impact assessment reports could be
combined with the household and child indicators provided in the DHS datasets.
Selecting data from different DHS rounds in areas with good and bad examples of HIA
practice could provide insights in potentially different trajectories in health indicators
over time.
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-

Identify how and why certain population subgroups are differently impacted by the
mining projects. This could include the application of a mixed-methods approach,
including the integration of the qualitative and quantitative findings in a GIS.

-

Systematically assess the changes in different water pollution pathways, including from
ASM sites, by testing the application of approaches of WSP and SSP in the context of
HIA.

-

Further develop the approach for tracking settlement growth in rural areas using remote
sensing. The revised workflow could include new satellite data sources, such as from
Sentinel-2. The application of the method in areas with reliable population data could
help validating the estimated settlement growth rates.

-

Identify key drivers of change in food security in mining areas. Data sources for such
investigations could be a combination of repeated cross-sectional household surveys,
with an expanded analysis of land use classification data for changes in agricultural
land.

-

Explore impacts on additional health outcomes affected by settlement and population
changes, such as HIV or malaria.
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