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Summary 

Background: Health impact assessment (HIA) applies a combination of procedures, 

methods and tools that systematically judges the potential and sometimes unintended effects 

of a policy, a programme or a project on the health of a population and the distribution of 

those effects within the population. HIA therefore seeks to predict health impacts and inform 

decision-makers on appropriate actions to manage those impacts with the ultimate goal to 

minimize negative health impacts and promote positive health impacts. 

In sub-Saharan Africa (SSA), there are no regulations at national levels that require an 

assessment of potential health impacts as part of the permitting process for infrastructure 

development projects. In absence of HIA enforcement mechanisms, multilateral lending 

institutions investing in projects and industry associations remain the only driving forces for 

HIA implementation to date. One reason for the limited attention given to HIA is the absence 

of monitoring and evaluation (M&E) in HIA, particularly in low- and middle-income countries 

and for private sector projects. Conversely, since the ultimate goal of HIA is to promote 

positive and mitigate negative health effects, it is a missed opportunity for responsible, 

accountable and sustainable development if health outcomes and its determinants are not 

regularly monitored in such highly dynamic settings. 

Against this background, this PhD thesis aimed at filling knowledge gaps in assessing and 

monitoring health impacts of infrastructure development projects in SSA and to evaluate the 

effectiveness of HIA of projects in mitigating negative health impacts and promoting health 

benefits. 

Objectives: The objectives of this PhD thesis were to present case studies implemented in 

three large-scale extractive industry projects in the Democratic Republic of the Congo (DRC), 

Côte d’Ivoire and Zambia and one renewable energy project in Sierra Leone. The case 

studies show (i) the implementation and outcomes of HIA of infrastructure development 

projects in SSA and (ii) M&E of health outcomes and health-related indicators in communities 

affected by these projects. 

Research partnerships: The project work presented in this PhD thesis was conducted in a 

partnership of the Swiss TPH and SHAPE Consulting Limited (St Peters Port, Channel 

Islands and Pretoria, South Africa). HIA assignments, providing the database for this 

research, were sponsored by Randgold Resources, Newcrest Mining Limited, Addax 

Bioenergy and First Quantum Minerals Limited. 

Methods: M&E in HIA was achieved through repeated cross-sectional health surveys in 

semi-purposively selected sentinel sites in the area of influence of a project and in non-

impacted comparison communities. The selection of health or health-related indicators 
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depended on factors such as health data gaps found during the HIA scoping step, perceived 

future impacts, experience from similar contexts and time and financial considerations. 

Within the sentinel sites, data was collected through (i) a household questionnaire survey in 

adults aged ≥15 years pertaining to sociodemographic information, health-related 

knowledge, attitudes and practices and other determinants of health; (ii) a clinical field unit 

assessing biomedical indicators in children under 5 years of age and adult household 

members aged ≥15 years; (iii) a parasitological survey in school children aged 9-14 years at 

school level; and (iv) a drinking water quality survey at household and source level. 

Households were selected randomly within a sentinel site and the presence of a mother with 

at least one child under the age of 5 years was the household inclusion criteria. 

Results: A baseline health survey (BHS) prior to project commencement was conducted in 

three projects, providing a starting point for serial cross-sectional monitoring. In two of the 

four projects, a follow-up health survey (FUHS) was implemented 3 and 4 years after the 

BHS, respectively. The results from these two case studies showed mostly positive health 

changes between the BHS and the FUHS, overall and especially in the impacted 

communities as compared to the comparison communities. A multi-regression analysis 

performed showed that project-related factors at household level such as employment, 

migration or resettlement background were generally positively associated with improved 

health outcomes and its determinants in children and adults impacted by a copper mine in 

Zambia. Furthermore, the data from the surveys helped to initiate new and adapt existing 

community health interventions. The results from the FUHS have to be interpreted 

considering the following: (i) the projects are ongoing and will further change the social, 

economic and ecological environment; (ii) the time intervals were relatively short and certain 

indicators will change over a longer period; (iii) the construction of the projects and 

community development initiatives implemented in the project are were gradual, i.e. not all 

sentinel sites have received the same magnitude of impacts at the time of the surveys; (iv) 

the semi-purposive sampling of sentinel sites limited the generalisability of the results to 

communities that were not surveyed; (v) changes might have happened due to chance, 

normally occurring fluctuations or factors unassessed. 

Conclusions: The baseline and follow-up health data collection within the HIA framework 

covering a broad range of biomedical, behavioural, contextual and environmental indicators 

allowed projects and health authorities to better understand pressuring health needs in the 

communities and take actions for health promotion. The approach of cross-sectional health 

surveys used for M&E of health impacts is promising in detecting changing patterns of 

community health and designing locally adapted health interventions. However, periodic 

M&E in 3-4 year intervals is not sufficient as certain indicators warrant shorter intervals 
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between measurements. A combination of continuous and cross-sectional monitoring is 

recommended to the benefit of the individual projects, HIA practice in SSA and most 

importantly, the affected communities to protect and improve their health. The effectiveness 

and added value of HIA of infrastructure development projects has yet to be demonstrated. 

The case studies presented in this PhD thesis, emphasising on the need of a robust M&E 

component in HIA, support the evaluation and advancement of HIA practice. 
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Introduction 

1 

1 Introduction 

This PhD thesis pertains to health impact assessment (HIA) and associated cross-sectional 

monitoring of large infrastructure development and management projects in sub-Saharan 

Africa (SSA). The application of HIA and health monitoring in communities potentially 

affected by development projects are exemplified through four project case studies in Côte 

d’Ivoire, the Democratic Republic of the Congo (DRC), Sierra Leone and the Republic of 

Zambia. This introduction starts with the definition and historical origins of HIA, familiarises 

with underlying core values and guiding principles and outlines the different steps of the HIA 

process. An overview on current HIA practice in SSA and elsewhere leads towards research 

needs, focussing on monitoring and evaluation (M&E) activities within the HIA process. 

 

1.1 Health impact assessment 

1.1.1 Definition and history 

The World Health Organization (WHO) defines HIA as “a combination of procedures, 

methods and tools by which a policy, programme or project may be judged as to its potential 

effects on the health of a population, and the distribution of those effects within the 

population” [1]. HIA is a prospective approach to integrate health considerations and health 

targets into the planning, design and implementation of a policy, programme or project [2]. 

This approach serves as a decision-support tool by systematically providing decision-makers 

with objective information on existing health needs in the affected population, potential future 

health consequences caused by the proposed development and appropriate actions to 

minimise potential adverse effects and promoting health benefits [1, 2]. 

1970 

 

 

 

 

 

1980 

 

 

1985 

 

 

 

HIA has its roots in environmental impact assessment (EIA). In 1970, the United 

States of America (USA) were the first country to pass a law on environmental 

protection through the ‘National Environmental Policy Act of 1969’ (NEPA) [3]. The 

NEPA created a requirement to assess the potential environmental consequences 

of human-induced policies, programmes or projects and therefore heralded the 

birth of EIA. Thereafter, two parallel movements paved the way towards HIA. First, 

in the early 1980s, the ‘environmental health impact assessment’ was put forth by 

WHO to address the largely neglected human health component in the 

conventional EIA, which was already implemented for large infrastructure projects 

in developing countries [4-6]. Second, in the mid-1980s, the concepts of ‘healthy 

public policy’ and health promotion were manifested in the ‘Ottawa Charter for 

Health Promotion’, recognising the direct and indirect health consequences of a 

policy on the affected population [7, 8]. Health was seen as a result of political, 
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1997 

economic, social, cultural, environmental, behavioural and biological factors and 

health promotion aimed at enabling people to make these factors favourable for 

their health [7]. In 1997, the Jakarta declaration recommended that public and 

private sector policies and projects should perform HIA prior to implementation [9]. 

 

 

1999 

Until the late 1990s, health was mostly covered under EIA, whereas the capacity to 

capture health in its comprehensiveness with this approach was controversial [10-

12]. In reaction, the WHO Regional Office for Europe and the European Centre for 

Health Policy formulated in 1999 the Gothenburg consensus paper on main 

concepts and suggested approaches for HIA [1]. The Gothenburg consensus was 

an attempt to unify the environmental, biomedical, social determinants of health 

(SDH) and healthy public policy origins of HIA [13, 14]. The objectives were to 

describe guiding concepts, principles and underlying core values. It also suggested 

a set of methodologies and tools which needed to be further elaborated, 

implemented and tested. The overall goal was to promote the use of HIA, 

strengthen its methodological aspects and to establish HIA as an integrated part of 

the impact assessment suite, in addition to EIA and social impact assessment 

(SIA). 

 

 

 

 

 

2003 

 

 

 

 

Growing demands for natural resources, the search for alternative markets in 

agriculture, forestry, mining and other sectors, the privatisation of the mining sector 

in many SSA countries in the 1990s and the improved political stability led to 

increased direct investments in development projects [15-19]. In the wake of these 

developments, questions around the accountability of the consequences of project 

activities, often operated by multilateral companies, were raised. To keep up with 

best international practice standards, a first milestone to advance HIA practice was 

reached with the launch of the Equator Principles in 2003 [14, 20]. Multilateral 

lending institutions, assembled through the Equator Principles Financial Institutions 

(EPFIs), set a benchmark for determining, assessing and managing environmental 

and social risks of projects, which were meant to include public health. The EPFIs 

“[…] will not provide project finance or project-related corporate loans to projects 

where the client will not, or is unable to, comply with the Equator Principles.” [20]. 

The Equator Principles encompass 10 principles, which are summarized in brief in 

Table 12.1 in annex 12.1. 

2005 

 

 

 

 

In 2005, the oil- and gas sector was the first sector to produce sector-specific HIA 

guidelines elaborated by the International Petroleum Industry Environmental 

Conservation Association (IPIECA) and the International Association of Oil & Gas 

Producers (OGP) [21].  
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2006 

 

2009 

 

 

 

Since 2006, the International Finance Corporation (IFC), the private sector lending 

branch of the World Bank, spearheaded the advancement of HIA of private sector 

projects. Hence, in 2006 and 2009, two more milestones were set with the “IFC 

performance standards on environmental and social sustainability” and “IFC 

introduction to health impact assessment” guidelines [22-24]. Performance 

standard 4 specifically pertains to “community health, safety and security” and 

states that: “The client wil l  evaluate the risks and impacts to the health and 

safety of the affected communities during the project life-cycle and will establish 

preventive and control measures consistent with good international industry 

practice, such as in the World Bank Group Environmental, Health and Safety 

Guidelines (EHS Guidelines) or other internationally recognized sources. The 

client will identify risks and impacts and propose mitigation measures that are 

commensurate with their nature and magnitude. These measures will favour the 

avoidance of risks and impacts over minimization.” [24, 25]. 

 

 

2010 

The EPFIs fully embraced IFC performance standards and therefore created an 

HIA enforcement mechanism for projects supported by EPFI member institutions. 

In 2010, the International Council on Mining and Minerals (ICMM) released similar 

guidelines for HIA of sector-specific projects [26]. Overall, the private sector HIA 

movement produced a number of HIA best practice guidelines which are readily 

applicable for projects in different sectors in low- and middle-income countries 

(LMICs). In parallel, numerous scholarly articles supported the dialogue on the 

implementation and advancement of HIA, however, with a strong focus on high-

income countries, especially Europe (see Figure 1.3) [27]. 

2012 

 

 

2014 

Krieger et al. (2010) and later Harris-Roxas et al. (2012) called for an updated 

international consensus on HIA [14, 28]. Through the expansion of HIA in many 

different disciplines and settings, HIA practice has achieved a common 

understanding of the HIA process, but the guiding principles are in need of new 

principles, such as transparency, health outcome monitoring or external HIA 

evaluation [29]. 
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1.1.2 Core values, guiding principles and framework 

HIA is governed by the five core values: democracy, equity, sustainable development, ethical 

use of evidence and a comprehensive approach to health [1, 2]. 

(1) The democracy value implies the basic right of people to have a say in policies or 

projects that influence their life and their health. 

(2) Equity relates to the distribution of health impacts within a population, paying specific 

attention to vulnerable groups, with the aim to reduce health inequities independently of 

origin, gender, socioeconomic status or other background features. 

(3) Sustainable development pertains to the creation of long-lasting benefits and 

improvements that result from development projects reaching beyond a project’s 

lifespan, rather than short-term gains only. 

(4) Ethical use of evidence indicates that decisions are based on scientific robust 

qualitative and quantitative evidence. 

(5) The comprehensive approach to health takes into account the wider determinants of 

health, i.e. factors from other sectors of society that influence on well-being. 

In support to these core values, HIA applies operating and guiding principles [2, 30-33]: 

 HIA is a systematic approach comprising a set of procedures, methods, tools through 

which health risks and opportunities can be identified and mitigation and health 

promotion measures are addressed upstream in the development planning process.  

 HIA is a cross-cutting tool between sectors, recognising that other sector 

developments strongly influence health and its determinants and therefore share 

responsibility. Collaboration with other sectors creates synergies to promote human 

health. 

 HIA engages in a broad stakeholder process and is therefore a participatory 

approach, including the local community, developers and decision-makers, host 

governments, health authorities and staff, civil-society organizations, non-government 

organisations (NGOs), workers and dependents, HIA assessors and any other groups 

or representatives that are affected by a project. All stakeholders are assigned roles 

and responsibilities. 

 HIA provides the decision-makers with the best available evidence in a timely manner 

and an appealing format which allows the decision-maker to make an informed 

decision. 

 HIA should be implemented prior to the onset of development of a project, i.e. in 

the feasibility or planning phase, to integrate health-related planning at an early stage. 
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In 2014, Bhatia and colleagues (2014) expanded the general standards to advance an 

effective HIA practice by the following principles [29]: 

 Each HIA process should begin with explicit written goals that can be used to 

evaluate the effectiveness and impacts of HIA. 

 Monitoring is an important follow-up activity in the HIA process. In HIA, a monitoring 

plan to track the health-related outcomes of a decision and its implementation 

should be proposed. 

For guiding the systematic analysis of health considerations, the IFC HIA guidelines use an 

environmental health areas (EHAs) framework [23]. Two main considerations led the IFC to 

the adaption of the EHA framework for HIA of private sector projects in the tropic: First, a 

World Bank study estimated that around 44% of the health burden in SSA is preventable 

through improvements in the housing, water and sanitation, transportation and 

communication sectors [34, 35]. Hence, rather than looking at diseases and ill-conditions 

individually, these are organized into groups with common underlying causes or risk factors, 

such as living conditions,  water-, sanitation- and soil-related diseases, sexually transmitted 

infections (STIs) or non-communicable diseases (NCDs), EHAs that refer to project-related 

hazardous materials, noise and malodours, SDHs, health seeking behaviours and traditional 

health practices and health system issues. The 12 EHAs, adapted from the IFC framework, 

are summarized in Error! Reference source not found. in annex Error! Reference source 

t found. [36]. Second, through the set of EHAs, a linkage between project-related activities 

and potential positive or negative community-level impacts can be created as the framework 

incorporates a variety of biomedical, environmental and social determinants of health. 

Instead of a narrow biomedical framework focusing primarily on disease-specific 

considerations and outcomes, cross-cutting environmental and social conditions that contain 

significant health components are identified and local, prevailing health sector issues are 

integrated [37].  

 

1.1.3 HIA process for projects 

Guidelines, toolkits and scholarly articles present a variety of stages or steps of the HIA 

process depending on the requirements or characteristics of the respective sector, although 

differences refer mostly to formulations or terms used or the composition of the individual 

tasks within a step [2, 13, 21, 23, 26, 29, 31, 32, 36, 38-40]. The IFC HIA guidelines for 

development projects in LMIC presented here follow a 6-step process: (1) screening; (2) 

scoping; (3) risk assessment; (4) mitigation/community health management plan; (5) 
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implementation and M&E; and (6) the final evaluation [23, 36]. Figure 1.1 displays these 

steps with reference to the lifecycle of a project. 

Step 1 – screening: The screening step comprises a situation analysis on the project 

context and design (e.g. geographical footprint, temporal footprint, planned constructions, 

etc.), the host country’s legislative requirements (e.g. public health and environmental 

protection laws) and the prevailing health situation at the local level (e.g. endemic diseases, 

availability of health information system data). This desktop-based situation analysis 

determines whether a project is likely to affect people’s health and thus whether an HIA is 

necessary. Projects with no significant health impacts are exempt of an HIA (see also Table 

12.1 – Equator Principle 1) [37]. 

Step 2 – scoping: Once the screening step established the need for an HIA, the terms of 

reference (ToR) set the boundaries for the HIA, i.e. the geographical scope, the time scale, 

the potentially affected communities (PACs) and other stakeholders to be involved [20, 37]. 

The extent of the HIA is determined among three HIA types: (1) a rapid HIA (desktop-based); 

(2) a limited in-country HIA; or (3) a comprehensive HIA, depending on the expected 

impacts, project footprint and social sensitivity. The most important distinguishing feature of a 

comprehensive HIA compared to the other two types is the collection of additional, primary 

health data and the participatory stakeholder engagement [23, 41]. Next, the scoping step 

identifies the whole range of potential project-related health impacts, negative and positive, 

by using the systematic EHA approach [36, 37]. The evidence-base in HIA is assembled 

through a literature review (i.e. peer-reviewed and grey literature), collection of available 

routine health information system (HIS) data, direct observations during in-country visits (e.g. 

infrastructure of health facilities, housing conditions in communities) and stakeholder 

consultations (e.g. with health authorities, health staff, PACs) [42]. A subsequent gap 

analysis informs whether the data available in the PACs is of sufficient quantity and quality, 

or, in case of data gaps, if baseline data collection is warranted [42]. If the required evidence-

base is available, with or without additional data collection, the risk assessment step follows. 
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Figure 1.1: Project phases and health impact assessment related steps, activities, documents and interventions 
 



Introduction 

8 

Step 3 – risk assessment: The risk assessment, or impact appraisal step, has the goal to 

determine the significance of the previously identified health impacts by applying a semi-

quantitative ranking method. It is semi-quantitative because it entails qualitative elements of 

expert judgement and prediction from the assessor and the quantitative part relates to the 

use of a risk-ranking-matrix. A rudimentary matrix was proposed in the IFC which was further 

developed by Winkler et al. (2010) (Figure 1.2) [23, 36]. The following 4-step process is 

carried out for all potential health impacts across the EHAs. 

(1) For each potential health impact identified in the scoping, its extent, intensity, duration 

and the nature of the health effect (i.e. the four consequences) are scored according to 

their impact level (scoring 0 (low) to 3 (very high)).  

(2) The scores of the four consequences are summed, resulting in the impact severity score 

classified as follows: low (0-3), medium (4-6), high (7-9) and very high (10-12).  

(3) The likelihood of the impact to occur, classified as improbable (up to 40% likelihood of 

occurrence), possible (40-70% likelihood of occurrence), probable (70–90% likelihood of 

occurrence) and definite (90% likelihood of occurrence). 

(4) The overall significance ranking is calculated as the results from steps 2 and 3, i.e. the 

intersection of the impact severity and the likelihood of occurrence. 

 

Figure 1.2: Risk-ranking matrix (adapted from Winkler et al., 2010) 
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If the significance is ranked low (♦), the impact is sufficiently small, within an acceptable 

magnitude and/or the receptor has a low susceptibility. Hence, mitigation is desirable but not 

required. If the significance is ranked medium (♦♦), the impact is insufficient by itself to 

prevent the implementation of a project but mitigation is strongly recommended and careful 

attention to mitigation and monitoring are warranted. If the impact is considered high (♦♦♦), 

this signifies a major and usually a long-term change and is an unacceptable risk. Hence, 

mitigation is required, including rigorous monitoring. With a very high significance ranking 

(♦♦♦♦), the impact is long-term and/or extensive and/or irreversible/permanent and is an 

unacceptable risk. Mitigation is required, including rigorous monitoring. Health benefits, i.e. 

positive health impacts, are coloured in green and their significance can be graded likewise 

(♦-♦♦♦♦). 

It is important that the significance ranking is performed for the individual project phases as 

well as for the different PACs separately [43]. Moreover, for each EHA, the predictive tool 

can outline three significance ranking scenarios: (i) the baseline situation before project 

activities; (ii) the predicted situation if no health mitigation measures are implemented; and 

(iii) the predicted situation if mitigation measures are implemented, i.e. the residual situation. 

Table 1.1 shows a random example of the significance ranking output for three EHAs. 

Table 1.1: Significance ranking for project phases, PACs and scenarios   

EHA Project phases  Affected PACs  Scenarios 

 F C O D  

P
A

C
 1

 

P
A

C
 2

 

P
A

C
 3

 

P
A

C
 4

 

 Baseline 
Without 

mitigation 

With 

mitigation 

EHA 1  X X X  X X    ♦♦♦ ♦♦♦♦ ♦♦ 

EHA 4  X X X  X X X X  ♦♦ ♦♦♦♦ ♦♦ 

EHA 12  X X X  X X X   ♦♦ ♦♦♦ ♦♦ 

F, feasibility phase; C, construction phase; O, operations phase; D, decommissioning phase 
 

After the risk assessment step, the project decision-makers usually receive an HIA report 

comprising the (i) evidence-base for the assessment; (ii) the impact definition; (iii) the risk 

assessment; and (iv) a set of recommendations that supports prioritising and planning of 

health mitigation measures [44, 45]. 

Steps 4 and 5 – community health management plan (CHMP) design, implementation 

and M&E: This step is alternatively referred to as ‘mitigation recommendations’, ‘health 

action plan’ or ‘community health management plan’, depending on the source [23, 31, 45]. 

The challenge for project decision-makers remains to translate the mitigation 

recommendations into concrete health interventions whereas the final selection of 

interventions is further influenced by the available human resource, financial, institutional and 
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infrastructural capacities. To shape technically sound, socially acceptable, economically 

feasible and sustainable mitigation measures, the CHMP should outline intervention 

components such as target populations, temporal boundaries, local acceptability, health 

system capacities, collaborations, responsibilities, health outcomes to be measures 

(indicators) and methods and frequency of monitoring thereof [2, 23, 29]. Importantly, the 

CHMP is a dynamic process and needs adaptations to the continuously changing 

environment and altered health determinants [46]. 

Step 6 – final evaluation: At project decommissioning, a final evaluation of the overall HIA 

process and the associated CHMP will round up the HIA process. This specifically relates to 

whether the predictions made in the HIA report were accurate and whether the 

recommendations made led to mitigations that improved health outcomes in the PACs. This 

final step of the HIA process can evaluate its overall effectiveness, credibility and, finally, 

justify the future use of HIA [29, 47, 48]. 

 

1.2 Current HIA practice 

Up to this point of the thesis, the HIA process with all its elements was narrated from a best 

practice perspective. In HIA implementation, however, there are shortcomings and 

challenges related to every element of HIA. In the following, the current practice of HIA is 

broadly reviewed, with a special focus on shortcomings of HIA implementation in LMIC. 

HIA found increased and broad application and demonstrated flexibility to adapt to different 

contexts, settings and allowed for additional elements resulting in various HIA guidelines and 

scholarly articles [13, 49-51]. Meanwhile, the underlying HIA process with its steps is firmly 

established and applied across all disciplines [50, 52]. To become familiar with the ongoing 

HIA practice globally and in the different sectors, a keyword search on “health impact 

assessment” in the title, keywords or abstract covering the time period from January 2000 

until March 2016 was performed on the Web of Science database. Of note, this literature 

search was not systematic, performed with one single database and included only articles 

published in English language. Therefore, other peer-reviewed articles published on HIA and 

HIA grey literature were likely missed [53]. Nevertheless, these are proxy findings for the 

overall body of peer-reviewed HIA literature. 

The search yielded 294 hits, whereby 76 (26.4%) articles were excluded after screening of 

the abstract. The remaining 218 articles were included and categorised regarding to their 

country and sector of implementation (Figure 1.3). Most of the published HIA literature were 

from project, policy and programme case studies implemented in high-income countries 

(n=138; 63.8%). Only 12.8% (n=28) were addressing HIA in LMICs (n=28). In addition, only a 

small percentage of literature pertains to HIA in the private sector (6.0%; n=13) of which five 
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are case study publications from projects in LMIC with involvement of the Swiss Tropical and 

Public Health Institute (Swiss TPH) HIA research group. The majority of HIA were done for 

public projects, policies or programmes (61.5%, n=134). 

 

Figure 1.3: Literature search “Health impact assessment” (2000-March 2016) stratified 
by country focus, sector and years 
 
Evidently, there is little publicly available literature and data, especially from (i) private sector 

HIA and (ii) LMIC contexts [44]. The reasons for this include (i) lack of regulations to pursue 

an HIA [54]; (ii) lack of requirements to make HIA results publicly available; (iii) lack of 

funding for making HIA reports and results available through the peer-review literature [55]; 

and (iv) lack of (voluntarily) transparency requirements [56, 57]. However, HIA grey literature 

in LMIC is expected to be substantial, considering the large number of private sector projects 

implemented. In SSA, as of March 2016, the IFC was supporting ~180 projects in the natural 

resource extraction, energy, agriculture, transportation and water management sectors which 

were required to apply IFC performance standards [58]. 

A distinct shortcoming is the paucity of case studies from the implementation of steps 4, 5 

and 6 of the HIA process, hence in the project operations and decommissioning phases [47]. 

For steps 4 and 5, few case studies are publicly available that show the CHMP 

implementation and M&E activities as HIAs are often discontinued after the reporting step 

when funding requirements are secured, debts are repaid or initial baseline data have been 

collected [59, 60]. Thereafter, community health management is often done outside a 

continuous HIA framework [61-63]. For step 6, the HIA evaluation, answering questions such 

as the extent to which HIA had influenced the decision-making, what factors contributed to its 
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success, whether the research and methods applied fulfilled the minimum quality standards 

or if HIA helped to mitigate negative impacts, is under-practiced to date, especially in LMIC 

[29, 47, 64, 65]. Yet, the evaluation of the HIA effectiveness (process, impacts and 

outcomes) is crucial for a proposed project as well as for the justification and advancement of 

HIA practice [31, 47, 66, 67]. Consequently, HIA evaluation is demanded by all involved 

parties, i.e. decision-makers, impact assessors, researchers and HIA critics, to increase the 

quality and credibility of HIA itself [27, 31, 44, 68-70]. Case studies presenting HIA 

implementation and M&E results in LMIC provide a chance to judge its effectiveness [31, 71]. 

 

1.3 Monitoring and evaluation of HIA 

1.3.1 Definitions and frameworks 

There is discrepancy in literature between the different HIA evaluation frameworks in general 

and regarding process, impact and outcome evaluation in particular. A number of definitions 

for M&E in the context of HIA used by experts in the field are presented in chronological 

order in Table 1.2 below (non-exhaustive list). 
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Table 1.2: Definitions and frameworks of M&E in HIA 

Source Definitions and explanations 

Process evaluation Impact evaluation Outcome evaluation 

Quigley et al. 

(2003) [47] 

HIA evaluation should focus on the process of HIA and the impact that it has on the 

decision-making process, rather than attempting to evaluate long-term health 

outcomes. 

Steps of the HIA process 

Utility of the HIA process 

Influence on decision-

making 

Health outcomes 

Accuracy of predictions 

(Not HIA evaluation) 

Mindell et al. 

(2003) [72] 

HIA evaluation is, as per definitions below, a mixture of process, impact and 

outcome evaluation. 

Utility of the HIA process Influence on decision-

making 

Health outcomes 

Parry and 

Kemm (2005) 

[66] 

HIA evaluation is the examination of the way in which the HIA was conducted. Must 

be clearly distinguished from the separate but related issue of evaluation of the 

decision.  

Steps of the HIA process 

Influence on decision-

making 

(None given) Accuracy of predictions 

Stakeholder engagement 

Influence on decision-

making 

(Not HIA evaluation) 

Wismar et al. 

(2007) [65] 

HIA evaluation seeks to determine whether an HIA has influenced the decision-

making, which is different from evaluation of whether the decision affected health 

outcomes. 

Influence on decision-

making  

Evaluation of methods 

(None given) Health outcomes 

(Not HIA evaluation) 

Harris-Roxas et 

al. (2013) [73] 
HIA evaluation should focus on HIAs effectiveness on decision-making, 

implementation and related activities rather than health outcomes per se. 

The broader decision-

making context (e.g. 

values, purpose and 

goals, parameters, 

triggers) 

Influence on decision-

making 

Health outcomes 

(Not HIA evaluation.) 

Bhatia et al. 

(2014) [29] 

(HIA) evaluation of the HIA process, impacts and outcomes is necessary for field 

development and practice improvement.  

Steps of the HIA process Influence on decision-

making  

Extent of implementation 

of recommendations 

Health outcomes and 

determinants 

(also called monitoring)  
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This summary illustrates that there is no consensus on what HIA evaluation entails, neither 

the aspects of process, impact and outcome evaluation, or whether ‘health outcome 

monitoring/evaluation’ is part of HIA evaluation or not. Four out of the six presented 

frameworks introduced in Table 1.2 specifically exclude HIA outcome evaluation, i.e. 

measurement or monitoring of health outcomes, from the overall HIA evaluation. There are 

two main reasons for this. 

First, in the understanding that HIA is a decision-support tool, the HIA evaluation should 

evaluate the process leading to a decision, not the decision itself [47, 65, 66]. However, due 

to the constantly changing social, economic and physical environments, HIA decisions 

continue and HIA should be a continuous process accompanying a project throughout its 

lifespan [60, 74]. This is increasingly recognised and more recent guidelines specifically 

include measuring of health outcomes within the scope of HIA [29, 38, 45]. 

Second, HIA outcome evaluation, i.e. M&E of health outcomes, was perceived as 

challenging by many HIA practitioners, due to the time delay of certain health effects, the 

inability to measure an intervention scenario against a non-intervention scenario and 

attributing changing health to a project, the inability to test whether predictions were accurate 

and the necessity of baseline data collection prior to project commencement [29, 47, 65, 66, 

72, 73, 75]. However, because health effects present with a time-lag is not a justification not 

to monitor them and changing patterns of community health, including short-, medium- and 

long-term health effects, must be continuously observed for responsible and sustainable 

development [73]. Furthermore, a study design with comparison communities not impacted 

by a project can help to distinguish changes due to the project form changes that occurred 

overall [76]. The prediction of three significance ranking scenarios (baseline, without 

mitigation, with mitigation; see Table 1.1) supports the evaluation of predictive accuracy. As 

per definition, HIA is a prospective approach which should be initiated during a project’s 

planning and design phase and can therefore include pre-development data collection [31]. 

The collection of baseline health data especially in remote settings with health data gaps has 

been found practically feasible, reproducible and supportive of HIA and associated 

community health management initiatives and encourages broader application [61, 62, 77, 

78]. 

 

1.3.2 Practice and shortcomings of M&E in HIA 

The shortage of case studies available for steps 4-6 of the HIA process is exemplified in the 

case of the involvement of the Swiss TPH HIA research group in HIA assignments between 

2008 and 2015 (Figure 1.4). HIA-related work, e.g. rapid HIA and/or scoping studies, have 

been done for more than 25 projects in SSA. A large fraction of these projects have 

conducted a cross-sectional baseline health survey (BHS) during the HIA process. However, 
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after HIA reporting was completed, only two projects have, so far and to our knowledge, 

conducted monitoring health data through the means of a cross-sectional follow-up health 

survey (FUHS). 

 

Figure 1.4: HIA projects with involvement of the Swiss TPH HIA group (2008-2015) 
 

The need for quantifying impacts or health outcomes in HIA differs between disciplines and 

settings [13, 79]. The collection of baseline health data is recommended in case data gaps 

are identified in the scoping step but in practice this largely depends on the assessors’ 

recommendation and the project decision-makers rather than being systematically directed 

[80, 81]. Obstacles to collect health data can be budgetary limitation or unfamiliarity of the 

assessors with quantification methods outside the chemical hazard spectrum [13, 40]. 

Increasingly though, decision-makers want to rely on quantified evidence, especially baseline 

information at community level, for accountability, transparency, financial and reputational 

reasons [37, 51, 82]. 

In summary, HIA process and impact evaluations are needed to promote and guide future 

HIA, and also as a means of quality control and justification of HIA in a typical LMIC context 

[49]. While process and impact evaluations are important, since the HIA process itself carries 

many potential benefits such as awareness rising and partnership building, questions 

whether it is reasonable to neglect the M&E of the predicted health impacts were raised [83, 

84]. Conversely, since the ultimate goal of HIA is to promote positive and mitigate negative 

health effects, it is a missed opportunity for responsible, accountable and sustainable 

development if health outcomes and SDHs in the PACs are not monitored. 

Against this background, case studies of HIA implementation and the results of follow-up 

M&E activities provide a unique opportunity to showcase effectiveness of HIA of large-scale 

development projects in SSA by assessing if HIA had (i) an impact on decision-making and 

(ii) whether project activities and accompanying mitigation measures or other community 

development initiatives have impacted on the health status of the PACs.  
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2 Goal and objectives of the thesis 

The goal of this PhD thesis was to assess and monitor health impacts of infrastructure 

development and management projects in SSA and to evaluate the effectiveness of HIA of 

large-scale infrastructure development projects to mitigate negative health impacts and 

promote health benefits. The objectives of this PhD thesis research were to present case 

studies from complex eco-epidemiological settings on (i) implementation and outcomes of 

HIA of infrastructure development projects in SSA and on (ii) M&E of health outcomes and 

health-related indicators in communities potentially affected by these projects. 

Chapter 3 outlines the methods used for the M&E activities within HIA for large-scale projects 

in SSA. The manuscripts in chapters 4 to 10 present the process of HIA for different case 

study projects and the results of associated M&E activities, mostly related to cross-sectional, 

primary health data collection. The objectives or repeated cross-sectional health surveys are: 

 to monitor trends of the health status of communities affected by a project over time; 

 to monitor trends of the health status of project-affected communities compared to 

non-impacted, comparison communities; 

 to measure the impact of implemented health mitigation interventions and community 

development initiatives; and 

 to identify the underlying causes of changing health. 

The evaluation of the methods and tools used during the HIA process for the four case study 

projects is discussed in chapter 11, with the objectives: 

 to judge whether project decision-makers used HIA for health-related decisions in 

project design and planning; 

 to evaluate if mitigation recommendations in the HIA report translated into a CHMP 

with concrete interventions; and 

 to identify shortcomings and opportunities of currently available tools and methods 

used during the HIA process for the four case study projects. 
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3 Methods 

3.1 Case study projects 

 

Figure 3.1: Case study project locations 
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Figure 3.1 shows the locations of the four projects where case studies were carried out in the 

frame of this PhD thesis work. 

The Kibali Gold Mine (KGM), a joint-venture between Randgold Resources, Anglo Gold 

Ashanti and the Congolese SOKIMO, is located in the Haut-Uélé province in north-western 

DRC [1]. The US$ 2.5 billion investments comprises and open pit, underground operation 

and a processing plant and is one of the largest gold mines in Africa. Production started in 

2013. By 2016, and the KGM is employing 3,617 local employees and contractors [2]. 

The HIA scoping study was commissioned in 2008. Subsequently, a modular BHS conducted 

in August 2010. This produced data on a variety of health outcomes and determinants. 

Characteristic for this area of the DRC is the paucity of epidemiological survey data in 

general and for schistosomiasis and soil-transmitted helminth infections in particular [3]. The 

BHS data pertaining schistosomiasis and soil-transmitted helminth infections were made 

publicly available in a scholarly article (chapter 4) and represent the first epidemiological 

survey data from this region. Therefore, the importance and value of primary data collected 

in the private sector is striking. 

  

Figure 3.2: Kibali Gold Mine 
surroundings, 2010 

Figure 3.3: Biomedical sampling during 
the Kibali Gold Mine BHS, 2010 

The Bonikro Gold Mine (BGM), operated by LGL Mines CI SA, is located in south-central 

Côte d’Ivoire [4]. LGL Mines CI SA is owned by 89.9% by Newcrest Mining Limited, 10% by 

the government of Côte d’Ivoire and 0.1% by minority shareholders. After receiving the 

environmental permit, project construction started in 2007 [5]. The project relies solely on 

open pit mining and first production was in 2008. By early 2016, the project had around 1,000 

local employees and contractors. 

The project signed an agreement with the United Nations Development Program (UNDP) to 

develop and implement a sustainable community development programme in the project 
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area through a partnership that will ensure financial leverage from other donors. 

Implementation of the partnership started in January 2012 with the UNDP agreeing to a local 

development plan in collaboration with all the stakeholders. 

A malaria and anaemia survey was conducted in August 2012 as the operator needed a 

status update on these to guide malaria control interventions in the mine workforce and 

surrounding communities. Hence, in a second scientifically published article (chapter 0), 

results of malaria and anaemia prevalence rates in children under 5 years of age are 

presented. 

  

Figure 3.4: Haul road to the resettled 
village of Bonikro, near the Bonikro Gold 
Mine, 2011 

Figure 3.5: Fogging for mosquito control 
at Hiré camp, Bonikro Gold Mine, 2012 

The Addax Bioenergy Sierra Leone (ABSL) project, operated by Addax Bioenergy, is 

located in Northern Sierra Leone, near Makeni [6]. The project consists of sugarcane 

plantations, an ethanol distillery and a biomass power plant covering an area of ~14,000 ha. 

Project investment was €455 million funded by the African Development Bank (AfDB) and 

European development finance institutions. The project therefore applies IFC performance 

standards, Equator Principles and the AfDB policies and adopts best international standards 

as a member of the Roundtable of Sustainable Biofuels (RSB) and the Better Sugarcane 

Initiative (BSI). The project became fully operational in 2014 and as of March 2015, the 

project employed 3,600 national staff [7]. 

Between 2008 and 2010, the ABSL project had a thorough feasibility phase comprising 13 

environmental and social specialist studies. The resulting Environmental and Social Impact 

Assessment (ESIA) was rejected because health was neglected and the finance institutions 

specifically requested the conduction of an HIA for project approval. The final Environmental, 

Social and Health Impact Assessment (ESHIA) has been recognized ‘the gold standard of 
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impact assessments’ by a study comparing 19 impact assessments in biofuel projects 

commissioned by the European Union Commission. 

The HIA was initiated in 2009 with a scoping study. Within the HIA, a BHS was conducted in 

2010 and ABSL has committed to repeated cross-sectional FUHS every 3 years [8]. The first 

FUHS was then conducted in 2013. The ABSL In chapters 6 and 7, results from biomedical 

key indicators assessed during those surveys are presented and discussed in the context of 

this large-scale plantation, associated community development initiatives and the Sierra 

Leonean health system. 

  

Figure 3.6: Sugarcane fields from space 
(2013) in the ABSL project area, 2013 

Figure 3.7: Questionnaire interview during 
the FUHS 2013 in the ABSL project area, 
2013 

 

The Trident project, operated by First Quantum Minerals Limited (FQML), is located in 

Northwestern province of Zambia [9]. The US$ 2 billion development is the single largest 

project investment in Zambia’s history. Development so far (early 2016) has employed 

around 3,000 Zambians of which 50% are from the vicinity of the project. 

A HIA scoping study was conducted in August 2010, which identified data gaps at the local 

level in this originally rural, forestry area. Hence, in July 2011, a BHS was conducted and 

incorporated in the evidence-base for the HIA. Since the feasibility phase, the project 

permanently employs an external HIA expert at 10% to support the ongoing HIA and health 

promotion team. The primary output of the HIA was a CHMP which had components of both 

continuous surveillance and cross-sectional health monitoring activities. Human 

Immunodeficiency Virus / Acquired Immune Deficiency Syndrome (HIV/AIDS) and other STIs 

were ranked as very high significant impacts and the Trident project implemented an 

HIV/AIDS intervention package early on, with HIV testing and counselling (HTC) as the main 

component. In chapter 8, the results from HTC offered in the workforce and the communities 
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in the project area between 2012 and 2015 are presented. In 2015, a FUHS was conducted 

as the HIA report recommended to repeat the cross-sectional exercise after 3-5 years into 

project development. Due to resettlement and extensive influx, the study population changed 

drastically between 2011 and 2015. The epidemiological surveys conducted (BHS and 

FUHS) are introduced in chapters 9 and 10 of this thesis and findings in children and women 

are compared. 

  

Figure 3.8: Kalumbila mine copper 
conveyor belt, Trident project, 2015 

Figure 3.9: Clinical field laboratory during 
the FUHS 2015 of the Trident project, 2015 

 

 

3.2 Health survey data collection 

A rigorous definition of the baseline health status of PACs sets the basis for M&E of 

potentially project-impacted health determinants and outcomes of affected populations and 

assures efficient health interventions [10-12]. The absence of baseline health data was 

reported as a concern in projects that later triggered significant health impacts [10, 13]. 

Hence, health data for the PACs must be available in sufficient quantity and of adequate 

quality. If this is not the case, primary (baseline) health data collection, prior to project 

development, is recommended [11, 14, 15]. Furthermore, projects that will trigger 

resettlement and migration should collect baseline data collection [16, 17]. Baseline health 

data is ideally collected prior to any project developments, i.e. in the feasibility phase of a 

project although speculative migration may have already occurred at that stage. The 

absence of baseline health data has repeatedly been reported as a major failure by projects, 

assessors and other stakeholders [10, 18, 19]. The modular BHS method presented by 

Winkler et al. (2012) is specifically adapted for large-scale development projects located in 

remote, constraint settings [11]. This survey method is easily reproducible and can therefore 
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be adapted for FUHS. The method is introduced in the following to the extent necessary in 

order not to repeat methodologies that are introduced in the manuscripts in chapters 4 to 10. 

 

3.2.1 Study design and sampling 

A cross-sectional study design was used for the BHS and FUHS. A semi-randomized, semi-

purposive sentinel site sampling strategy followed a four-step procedure [11]. 

In a first step, the different PACs as identified through the community profiling in the scoping 

step of the HIA were selected (see 1.1.3). In brief, all villages in a given project area were 

identified and grouped into PACs based on the magnitude and nature of project-related 

impacts (e.g. resettled communities, communities along transport corridors) to grasp the 

heterogeneity of the setting. These PACs are recognized as a temporal model that can 

evolve and change during the course of the HIA process, as they may evolve as the 

demographic structure in the communities change or new settlements appear. An example of 

PACs selected for an extractive industry project in SSA is outlined below (Figure 3.10). 

PACs in a HIA study area: 

 PAC 1: Villages A, B and C that are in the mine permit area and will be resettled; 

 PAC 2: Villages D, E and F (i.e. the resettlement host site). These communities are 

more likely to be impacted by the location of mine camp, the plant and haul roads. 

 PAC 3: The community G and its proximity to the plant area and especially the 

tailings storage facility.  

 PAC 4: Other villages in study area that will have less direct impacts, namely H and I. 

 PAC 5: J, the most urban settlement in the area 

 PAC 6: Villages along the transportation route N5 to the port. 
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Figure 3.10: Example of community profiling with PACs 
 

In a second step, sentinel sites were either randomly selected within the different PACs or at 

times, purposively picked as they were considered important sites to survey based on the 

perceived future impacts [20]. The purposive sampling at sentinel site level was chosen as 

this allowed for (i) sampling of smaller communities that are highly impacted but could have 

gone unnoticed with a sampling proportional to population size and (ii) an addition of sentinel 

sites in communities that have grown extensively, newly appeared or gained importance. The 

number and selection procedure of the sentinel sites is further governed by financial and 

human resources and operational considerations. 

In a third step, comparison sites were chosen based on similarity to impacted sentinel sites 

but under the condition of not being exposed to project impacts such as in the project area, 

having received project-implemented health interventions or being place of residence to 

project employees. 

In a final step, in absence of a reliable sampling frame, an adaption of the method used by 

the Expanded Programme on Immunization (EPI) was applied [21, 22]. A quota of at least 25 

households was randomly selected within the sentinel sites. A multi-directional top, usually 

with four directions for four interviewers, was spun at a central or strategical point within the 

sentinel site, depending on the structure of the sentinel site, to determine randomly selected 

directions. Subsequently, households along these directional lines until the peripheral border 
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of the sentinel site were counted. The first household in each direction was selected at 

random and proximity sampling was adopted thereafter. The household inclusion criteria was 

the presence of a mother (≥15 years) with at least one child under the age of 5 years. Figure 

3.11 shows the households sampled and key features in a village (sentinel site) recorded by 

global positioning system (GPS) and mapped on Google Earth®. 

 

Figure 3.11: Example of household sampling in a sentinel site 
 

In our case studies, the surveys included a school survey axis, to determine parasitic 

schistosomiasis and soil-transmitted helminth infection rates in schoolchildren aged 9-14 

years (see sub-chapter 3.2.3). For this purpose, the primary school in the selected sentinel 

sites were sampled. Selection of a quota of at least 30 children was randomized among all 

children present on the survey day, considering a gender and age category balance (9-10 

years, 11-12 years and 13-14 years). 

 

3.2.2 Sample size calculation 

Children under the age of 5 years are the primary focus for biomedical measurements in the 

surveys. Due to its overall significance on child health, anaemia rate in children aged 6–59 

months was selected as the primary outcome for sample size calculation. With the formula 

for normal approximation to binomial distribution without finite sample correction (level of 

confidence 95%; expected prevalence 50%; precision 5%), the sample size was calculated 

at 385. An estimated number of 2.5 children aged 6–59 months per household and a drop-
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out rate of 20% led to the target sample of at least 185 households. Experience from 

previous BHS with the same logistical and field-staff setup revealed that 25 households can 

be sampled in one day at a single sentinel site. 

 

3.2.3 Selection of indicators and survey axes 

The selection of the data collected, i.e. the health or health-related indicators, is done based 

on factors such as (i) health data gaps and necessity for quantification; (ii) perceived future 

impact; (iii) experience from similar contexts; (iv) feasibility and reproducibility for data 

collection; and (v) budget considerations.  

Data was collected within the sentinel sites at three different levels:  

i) individual level, e.g. gender, age, educational level, health-related knowledge, 

attitudes and practices (KAP) or biomedical indicators;  

ii) household level, e.g. household assets, housing and sanitary conditions or quality of 

drinking water; and  

iii) community level, e.g. access to health infrastructures and services, quality of source 

water or local vector entomology. 

Within our four case studies, data was collected through different survey axes at various 

locations within a sentinel site: 

i) questionnaire survey at household level; 

ii) clinical field unit located in the community; 

iii) parasitological survey in schools; 

iv) drinking water quality at household and community level; and 

v) health service and infrastructure assessment at health facility level. 

Additional survey axes, such as entomological or rodent surveys, can be added depending 

on the local needs. The detailed materials and methods used for data collection activities in 

the different surveys are explained in the respective manuscripts presented in chapters 4 to 

10. 

 

3.3 Partnerships and assignments 

The project work presented in this PhD thesis was conducted in a partnership of the Swiss 

TPH with SHAPE Consulting Limited (St Peters Port, Channel Islands and Pretoria, South 

Africa). HIA-related assignments, providing the database for the present PhD research, were 

sponsored by Randgold Resources, Newcrest Mining Limited, Addax Bioenergy and FQML.  
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10.1 Abstract 

The effects of large-scale development projects in the extractive industry sector on the 

social, economic and environmental spheres are likely to affect women’s health. This 

includes community development initiatives such as educational programmes, health 

interventions or upgrading of health facilities supported by a project which are directly 

associated with woman’s wellbeing. In the frame of the health impact assessment (HIA) of 

the Trident project in Zambia, a baseline (2011) and a follow-up health survey (2015) were 

conducted to monitor health and health-related indicators in women residing in this copper 

mining area and in comparison communities not impacted by the project. While all indicators 

improved between 2011 and 2015 in the impacted and comparison communities, the 

percentage of mothers giving birth in a health facility, the percentage of women not believing 

anymore that HIV can be transmitted by witchcraft or other supernatural means, and the 

percentage of women having ever tested for HIV increased significantly in the impacted but 

not in the comparison communities. In 2015, better health, behavioural and knowledge 

outcomes in women were associated with employment by the project (or a sub-contractor 

thereof), migrant background, increased wealth and higher educational attainment. This 

example shows that large infrastructure development projects have the potential to positively 

influence women’s health if risks are managed. Cross-sectional monitoring every few years 

of health outcomes and wider determinants of health needs continuation to judge the 

project’s and the associated HIA’s long-term potential for sustainable development and 

reduction of inequalities. 

 

Keywords: Anaemia, health impact assessment, HIV/AIDS, knowledge-, attitudes- and 

practices (KAP), women and maternal health, migration, mining, resettlement, syphilis, The 

Republic of Zambia 
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10.2 Background 

The sustainable development goals (SDGs) agenda puts health as a central element of all 

three dimensions of sustainable development, i.e. society, economy and environment, 

recognizing that health is a most crucial contributor to and beneficiary of development [1, 2]. 

The SDG agenda specifically pulls other sectors in shared responsibility to safeguard human 

health through participation, accountability and information sharing mechanisms and thereby 

promoting synergies between sectors [3]. Along this argument, potential health risks 

generated by other sectors than health, including the extractive industry sector, should be 

monitored by means of health-related targets, including social, economic and environmental 

determinants of health [1, 4]. 

In 2008, the development of a greenfields copper development, i.e. the Trident project, 

commenced in the Northwestern province of Zambia [5]. The project is located in a poor, 

rural area, inclined to a weak and unequal health system rendering the native population 

especially vulnerable to ill-health [6, 7]. Characteristic to large-scale infrastructure 

development projects in sub-Saharan Africa, this project has the potential to influence on all 

three dimensions of sustainable development [8-13]: socially (e.g. through in-migration and 

disruption of social cohesion) [14-18]; economically (e.g. through shift of occupational 

activities, increased disposable income or potential inflation of food or goods prices) [9, 19-

22]; and environmentally (e.g. through the alteration of existing ecosystems, resettlement, 

open pit mining and associated infrastructure) [9, 23, 24]. Women’s and maternal ill-health 

might be further exacerbated by such a development for example through economic 

disadvantages, vulnerability to transactional sex, disruption of social cohesion and mental 

stress [18, 19, 25-28]. Furthermore, health interventions and community development 

initiatives (e.g. women empowerment programmes, educational programmes) initiated or 

supported by projects are another way women’s health can be influenced [9, 29-33]. 

In order to systematically anticipate potential impacts of the project on health outcomes 

directly or indirectly through effects on the determinants of health from the social, economic 

and environmental spheres, the project has commissioned a health impact assessment (HIA) 

as part of the feasibility studies [12, 34]. To monitor the trends of health outcomes and 

associated factors, to measure the impact of interventions and to generate reliable data for 

periodic decision-making on health interventions, repeated primary data collection was 

recommended in the HIA report. To this end, the project conducted a baseline health survey 

(BHS) in July 2011 and a follow-up health survey (FUHS) in July 2015 covering a broad 

spectrum of biomedical, environmental, structural, behavioural and knowledge indicators in 

children and adults residing in the project area. Changes of selected health indicators in 

children between 2011 and 2015 have been described elsewhere [35]. 
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Here, we present a selection of health outcome, behavioural and knowledge indicators in 

women of reproductive age. Table 10.1 introduces the indicators assessed and outlines their 

relevance in the present setting. We compare results from the 2011 BHS and the 2015 

FUHS and analyse associated socioeconomic, structural and setting specific factors, such as 

employment, migration and resettlement. Findings are discussed in the context of HIA 

applied in infrastructure development projects as an approach to foster sustainable 

development. 
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Table 10.1: Selected indicators in women and their relevance to women’s health and the Trident project 

Indicator Definition Relevance to the women’s health and the local project context  

Percentage of anaemia in women Pregnant women: Haemoglobin (Hb) < 11 g/dl; 
Non-pregnant women: Hb <12 g/dl [36]. 

Anaemia has been related to reduced work capacity, fatigue, reduced ability 
to execute routine daily activities, reduced cognitive function, poor pregnancy 
outcomes and negative effects on foetal and child health [37-40]. 
Epidemiology of infectious diseases, access to health care and diets 
potentially change due to the project development which will in turn influence 
anaemia [41]. 

Percentage of women with past and 
current syphilis infection 

Antibodies to Treponema pallidum assessing past or 

current syphilis infection [42]. 
Syphilis renders women more susceptible to an HIV infection and increases 
viral loads in HIV-infected individuals [43]. Untreated syphilis causes 
perinatal deaths and congenital syphilis in children impairing child health [44]. 
High increases of sexually transmitted infections (STIs) other than HIV have 
been reported in mining areas [45]. 

Percentage of women that 
delivered their last born child at a 
health facility 

Percentage of women that delivered their last born child 
at a health facility [46]. 

Increasing the percentage of births delivered in health facilities is an 
important factor in reducing deaths arising from complications of pregnancy 
provided a skilled attendant can manage complications during delivery or 
refer the mother to the next level of care in a timely manner [46]. 
The project can influence rates of deliveries at health facilities through 
increased access because of improved roads or increased financial means to 
pay for maternal health services [47]. 

Percentage of women with 
comprehensive knowledge on 
HIV/AIDS 

Comprehensive knowledge means knowing that 
consistent use of a condom during sexual intercourse 
and having just one uninfected faithful 
partner can reduce the chance of getting the AIDS 
virus, knowing a healthy-looking person can have the 
AIDS virus, and rejecting the two most 
common local misconceptions, i.e. HIV can be 
transmitted by mosquito bites or supernatural means 
[46]. 

Correct knowledge can influence an individual’s ability to adopt safer sex 
practices, reduce stigmatization towards people living with HIV/AIDS and 
alleviate misconceptions related to HIV/AIDS [46]. 
The increased spread of HIV/AIDS characteristic to mining areas has been 
widely described [16, 25, 46, 48]. 
In the Trident project HIA, the transmission of STIs, including HIV/AIDS was 
identified as priority and an HIV/AIDS intervention package was implemented 
early on in the project development in the workforce and the communities 
[33]. (See also health road shows below.) 
 Percentage of women that believe 

HIV can be transmitted by 
witchcraft or supernatural means 

Belief that HIV can be transmitted by witchcraft or 
supernatural means [46]. 

Percentage of women that ever 
tested for HIV 

Percentage of women that ever tested for HIV [46]. Knowledge of HIV status is important for helping individuals decide to adopt 
safer sex practices, to reduce their risk of becoming infected or transmitting 
HIV [46]. 
HIV testing and counselling (HTC) is one of the major health interventions 
supported by FQML in the framework of the health road shows. 

Percentage of women that 
participated in a health road show 
(HRS) 

HRS are 1-day visits to communities in the project area 
involving information, education and communication 
(IEC) and biomedical testing for HIV, glycaemia, blood 
pressure and malaria [33]. 

HRS is one of the major health interventions initiated by FQML. 
While uptake of biomedical testing offered at HRS is recorded, the influence 
of the IEC campaigns is not known so far.  
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10.3 Methods 

Ethical considerations 

The health surveys in 2011 and 2015 received ethical approval from the ethics review 

committee of the Tropical Disease Research Centre, Ndola, Zambia. Signed or fingerprinted 

informed consent was obtained from participating women. Women found anaemic were 

given haematinics on the spot while severe cases were referred to the local health facilities. 

Women found positive for syphilis were treated together with their sexual partner(s) using a 

stat dose of 2 grams of Azithromycin. 

Study area  

The Trident project is located in the Musele chiefdom, Solwezi district, Northwestern province 

of Zambia. The project concession area covers 950 km2, which accommodates the open 

mining pit, project infrastructure (e.g. roads, air strip, offices), 2 newly built dams and a 

nature and game conservation area. For project development, some villages have been 

resettled, new settlements were established and roads have been upgraded. In-migration 

caused population increases in certain settlements. Figure 10.1 gives an overview of the 

project and surrounding area, including demographic changes that occurred between 2011 

and 2015. 

 

Figure 10.1: Study area, demographic developments between 2011-2015 and selected 
sentinel sites, Trident project 
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Sampling method 

A cross-sectional survey design was applied in both 2011 and 2015. A detailed description of 

the sampling strategy is provided elsewhere [49]. In brief, a sentinel site approach was 

chosen in order to be able to purposively select certain settlements that are impacted by the 

project but would have been missed in a probability sampling. Furthermore, comparison sites 

were selected based on (i) proximity to the project area; (ii) similarity to impacted sentinel 

sites; and (iii) not being impacted by the project. Within the selected sentinel sites, 

households were selected randomly using a quota sampling of at least 25 households per 

sentinel site [49]. The presence of a woman with a child under 5 years of age was the 

inclusion criteria. 

Data collection 

Eligible women were administered a questionnaire pertaining to basic socio-demographic 

background information, health-related knowledge, attitudes and practices (KAP), maternal 

health and exposure to health interventions. Following the questionnaire interview, the 

woman was asked to visit a mobile field laboratory located within the sentinel site to measure 

biomedical indicators. First, a HemoCue® 201+ testing device (HemoCue Hb 201 System; 

HemoCue AB, Ängelholm, Sweden) was used to measure haemoglobin concentration in a 

capillary blood sample to determine anaemia status [50]. Second, detection of antibodies to 

Treponema pallidum was done using Alere DetermineTM Syphilis TP rapid diagnostic test to 

assess current or past syphilis infection (Alere DetermineTM Syphilis; Alere Inc, Waltham, 

USA). 

Data analysis 

In 2011, data were entered into Epidata software version 1.4.4 (EpiData Association; 

Odense, Denmark). In 2015, data was collected through electronic tablets using the open 

data kit (ODK) software [51]. Analysis was performed with Stata version 10 (StataCorp LP; 

Texas, USA). Principal component analysis based on 18 household assets was used to 

approximate household wealth assigning households into four wealth quartiles [52]. 

 

10.4 Results 

Study population 

In 2011, seven sentinel sites were sampled. In 2015, three impacted sentinel sites were 

added to include newly developed settlements or settlements that gained importance. In 

addition, four comparison sentinel sites were added to improve the study design leading to a 

total of fourteen sentinel sites sampled in 2015. The study populations per sentinel site for 

2011 and 2015 including resettlement or migration background of the sampled households 



Monitoring of selected indicators in women in the Trident project area 

115 

are shown in Table 10.2. In 2011, 286 households were sampled and in 2015, 516 

households were sampled. This yielded to a sample size of 289 and 516 women, 

respectively. 
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Table 10.2: Study populations (2011 and 2015) and community characteristics (2015), Trident project 

Sentinel sites Households Women aged 
15-49 years 

% of HH that have 
been resettled 

due to the project 

% of migrant HH 
(in the area for <5 

years) 

% of HH with at 
least one HH 

member being an 
employee of 
FQML or a 
contractor 

% of HH in the 
first wealth 

quartile 

Year 2011 2015 2011 2015 2015 2015 2015 2015 

Kalumbila Town n/a 30 n/a 29 0.0 100.0 79.3 100.0 

Wanyinwa (2011) / Northern 
Resettlement (2015) 

35 34 35 34 97.2 97.2 76.5 60.0 

Shenengene n/a 32 n/a 32 96.9 96.9 40.6 29.0 

Musele
a
 30 66 30 66 4.6 31.8 36.9 30.2 

Chisasa
a
 66 65 63 65 1.5 67.7 40.0 24.2 

Kankonzhi
a
 36 30 36 30 20.0 23.3 81.5 42.9 

Chovwe
a
 61 32 61 32 0.0 6.3 9.4 6.3 

Kanzanji n/a 32 n/a 32 3.1 46.9 28.1 28.1 

Chitungu
a
 30 33 30 33 0.0 0.0 0.0 2.9 

Total impacted 258 354 255 353 78.3 51.8 41.8 33.2 

Nkenyawuli
a
 31 32 31 30 0.0 6.3 3.1 6.9 

Wamafwa n/a 33 n/a 32 0.0 6.1 0.0 3.1 

Kanzala n/a 32 n/a 30 0.0 16.7 0.0 6.5 

Kambishi n/a 32 n/a 32 0.0 0.0 0.0 6.1 

Mubenji n/a 33 n/a 33 0.0 21.9 21.9 20.6 

Total comparison 31 162 31 157 0.0 10.1 5.0 8.8 

FQML, First Quantum Minerals Limited; HH, household 
a 

Sentinel site with data for 2011 and 2015 

 

 



Monitoring of selected indicators in women in the Trident project area 

117 

HIV-related indicators 

Comprehensive knowledge on HIV/AIDS in women has increased by 6.8% overall but has 

not changed significantly between the 2011 BHS and the 2015 FUHS (26.2%, 95% CI 21.2-

31.7% versus 33.0%, 95% CI 29.3-36.8%; Table 10.3). In 2015, women with secondary 

schooling or higher and women from the richest wealth quartile were found with significantly 

higher levels of comprehensive knowledge on HIV/AIDS. Overall, still 15.0% (95% CI 12.3-

18.1%) of women believed that HIV can be transmitted by witchcraft or other supernatural 

means in 2015, which was, however, significantly lower than in 2011 (26.2%, 95% CI 21.2-

31.7%). Interestingly, participation in the HRS was not positively associated with increased 

comprehensive knowledge on HIV/AIDS. As seen in Table 10.4, the odds of having 

comprehensive knowledge on HIV/AIDS were significantly lower in women that participated 

in HRS (OR=0.62, 95% CI 0.42-0.90). 

The proportion of women that ever took an HIV test was significantly higher in 2015 (83.6%, 

95% CI 80.4-86.4%) than in 2011 (75.1%, 95% CI 48.6-80.0%). This positive trend was 

significant in the impacted sites (76.0%, 95% CI 70.3-81.1% in 2011 versus 88.3%, 95% CI 

84.9-91.1% in 2015) but not in the comparison sites (67.7%, 95% CI 48.6-83.3% in 2011 

versus 72.9%, 95% CI 66.0-79.0% in 2015). Consequently, the testing coverage in 2015 was 

significantly higher in the impacted versus the comparison sites. In 2015, the odds of ever 

having taken an HIV test were 4.4 times higher in individuals that participated in a HRS 

(OR=4.44, 95% CI 2.64-7.45; Table 10.4) compared to those that have not participated. 

Moreover, women that attained secondary school or higher, have a household member that 

is employed by FQML or a contractor, have a migrant background or are from the richest 

wealth quartile yielded significantly higher testing rates than the respective sub-groups. 
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Table 10.3: Knowledge and behavioural indicators related to HIV/AIDS in women aged 15-49 years, Trident project, 2011 and 2015 

  

n 
% of women with comprehensive 

knowledge on HIV/AIDS
1
 

% of women that believe HIV can be 
transmitted by witchcraft or 

supernatural means 

% of women who have ever tested for 
HIV 

  2011 2015 2011 2015     2011 2015 

Health road show     
  

        

Not participated n/a 294 n/a 36.7 (31.2-42.5) n/a 12.3 (8.78-16.6) n/a 74.4 (69.1-79.3) 

Participated n/a 335 n/a 29.8 (24.9-35.0) n/a 17.4 (13.5-22.0) n/a 91.6 (88.1-94.3)
 †
 

Education     
  

        

No education 100 363 25.0 (16.8-34.6) 25.6 (21.2-30.4) 33.0 (23.9-43.1) 16.1 (12.4-20.3)
 ɸ
 71 (61.0-79.6) 79.6 (75.0-83.6) 

Primary school 186 212 26.8 (20.6-33.8) 36.7 (30.2-43.6) 22.5 (16.7-29.2) 13.3 (9.04-18.6) 77.4 (70.7-83.2) 87.7 (82.5-91.8) 

Secondary of higher 0 54 n/a 68.5 (54.4-80.4)
 †
 n/a 14.8 (6.61-27.1) n/a 94.4 (84.6-98.8)

 †
 

FQML or contractor 
employment within the 
HH     

  
        

No n/a 442 n/a 31.2 (26.9-35.7) n/a 13.1 (10.1-16.7) n/a 79.1 (75.0-82.8) 

Yes n/a 187 n/a 37.4 (30.4-44.7) n/a 19.3 (13.9-25.7) n/a 94.1 (89.7-97.0)
 †
 

Resettlement     
  

        

No n/a 547 n/a 32.3 (28.4-36.4) n/a 15.3 (12.4-18.7) n/a 82.4 (78.9-85.5) 

Yes n/a 82 n/a 37.8 (27.3-49.1) n/a 12.6 (6.24-22.0) n/a 91.4 (83.1-96.4) 

Migrant     
  

        

No n/a 465 n/a 30.1 (25.9-34.5) n/a 14.6 (11.5-18.1) n/a 81.0 (77.2-84.5) 

Yes n/a 164 n/a 41.4 (33.8-49.4) n/a 15.4 (10.2-21.9) n/a 90.8 (85.3-94.7)
 †
 

Asset based wealth 
index       

        

Poorest n/a 173 n/a 25.4 (19.1-32.6) n/a 17.4 (12.0-23.9) n/a 75.1 (68.0-81.3) 

Second n/a 140 n/a 26.4 (19.3-34.5) n/a 16.4 (10.5-23.7) n/a 81.4 (73.9-87.4) 

Third n/a 157 n/a 33.1 (25.8-41.0) n/a 11.7 (7.12-17.9) n/a 85.9 (79.5-91.0) 

Richest n/a 159 n/a 47.1 (39.2-55.2)
 †
 n/a 14.4 (9.39-20.9) n/a 92.4 (87.1-96.0)

 †
 

Health facility within 
community     

 

   
  

  
  

No 67 115 32.8 (21.8-45.3) 25.2 (17.5-34.1) 19.4 (10.7-30.8) 21.4 (14.2-30.1) 77.6 (65.7-86.8) 80.1 (71.5-87.1) 

Yes 219 514 24.2 (18.6-30.4) 34.8 (30.7-39.1)
 ɸ
 28.3 (22.4-34.7) 18.3 (15.0-22.0)

 ɸ
 74.4 (68.1-80.0) 86.3 (83.0-89.2)

 ɸ
 

Impact     
  

        

Impacted 255 437 26.2 (20.9-32.1) 31.5 (27.2-36.1) 26.6 (21.3-32.5) 16.3 (12.9-20.2)
 ɸ
 76.0 (70.3-81.1) 88.3 (84.9-91.1)

 ɸ
 

Comparison 31 192 25.8 (11.8-44.6) 36.4 (29.6-43.6) 22.5 (9.59-41.0) 11.9 (7.74-17.4) 67.7 (48.6-83.3) 72.9 (66.0-79.0)
 †
 

Total 286 629 26.2 (21.2-31.7) 33.0 (29.3-36.8) 26.2 (21.2-31.7) 15.0 (12.3-18.1)
 ɸ
 75.1 (69.7-80.0) 83.6 (80.4-86.4)

 ɸ
 

1
Knowing that consistent use of condoms during sexual intercourse and having just one uninfected faithful partner can reduce the chance of getting the AIDS virus, knowing 

that a healthy-looking person can have the AIDS virus, and rejecting the two most common local misconceptions, i.e. HIV can be transmitted by mosquito bites or supernatural 
means; 

† 
Significant difference between population sub-groups in 2015; 

ɸ
 Significant difference between 2011 and 2015 
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Table 10.4: Health outcome and behavioural indicators in women aged 15-49 years participating 
in health road shows, Trident project, 2011 and 2015 

  Females that participated in Health Road Show 

  n Proportion (%, 95% CI) aOR (95% CI) 

Has comprehensive knowledge 
on HIV 

      

No  421 55.8 (50.9-60.6) 1.00 

Yes 208 48.0 (41.1-55.0) 0.62 (0.42-0.90) 

Has ever tested for HIV       

No  103 27.1 (18.8-36.8) 1.00 

Yes 536 57.2 (52.9-61.5) 4.44 (2.64-7.45) 

Used a condom use at last 
sexual intercourse 

      

No  499 50.3 (45.8-54.7) 1.00 

Yes 108 66.6 (56.9-75.4) 2.01 (1.24-3.23) 

Syphilis status       

Negative 554 53.7 (49.5-58.0) 1.00 

Positive 23 47.8 (26.8-69.4) 0.76 (0.29-1.94) 

aOR, adjusted odds ratio; CI, confidence interval; HIV, human immunodeficiency virus 
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Table 10.5: Behavioural and health outcome indicators in women aged 15-49 years participating in health road shows, Trident project, 
2011 and 2015 

  
n* 

Delivery at a health facility (%; 95% 
CI) 

Anaemia (%; 95% CI) 
Syphilis in women aged 15-49 years 

(%; 95% CI) 

  2011 2015 2011 2015 2011 2015 2011 2015 

Education   

 

      

 
  

 
No education 100 336 49.0 (38.8-59.1) 75.7 (71.0-80.0)

 ɸ
 19.6 (12.7-28.2) 27.6 (23.0-32.6) n/a 5.1 (3.0 -8.0) 

Primary school 186 188 73.6 (66.7-79.8) 85.3 (79.8-89.8) 17.1 (12.2-23.0) 23.9 (18.3-30.2) n/a 1.6 (0.34.6) 

Secondary of higher 0 50 n/a 94.4 (84.6-98.8)
 †
 n/a 16.6 (7.91-29.2) n/a 6.0 (1.3-16.5) 

FQML or contractor 
employment within the 
HH   

 

      

 
  

 

No n/a 398 n/a 78.2 (74.1-82.0) n/a 27.3 (23.1-31.7) n/a 4.5 (2.7-7.1) 

Yes n/a 176 n/a 86.0 (80.2-90.7) n/a 21.0 (15.4-27.6) n/a 2.8 (0.9-6.5) 

Resettlement   

 

      

 
  

 
No n/a 496 n/a 81.9 (78.4-85.0) n/a 25.7 (22.1-29.7) n/a 3.8 (2.3-5.9) 

Yes n/a 78 n/a 71.9 (60.9-81.3) n/a 23.1 (14.5-33.7) n/a 5.1 (1.4-12.6) 

Migrant   

 

      

 
  

 
No n/a 419 n/a 76.9 (72.8-80.7) n/a 24.9 (21.0-29.1) n/a 4.3 (2.6-6.7) 

Yes n/a 155 n/a 90.8 (85.3-94.7)
 †
 n/a 25.0 (18.5-32.3) n/a 3.2 (1.1-7.4) 

Asset-based wealth 
index   

 

      

 
   

Poorest n/a 150 n/a 72.2 (64.9-78.7) n/a 28.5 (21.8-36.0) n/a 6.0 (2.8-11.0) 

Second n/a 131 n/a 77.8 (70.0-84.4) n/a 20.2 (13.9-27.9) n/a 4.6 (1.7-9.7) 

Third n/a 144 n/a 100 (97.6-100)
 †
 n/a 27.0 (20.2-34.8) n/a 2.8 (0.8-7.0) 

Richest n/a 149 n/a 100 (97.7-100)
 †
 n/a 25.0 (18.4-32.5) n/a 2.7 (0.7-6.7) 

Health facility within 
the community   

 
      

 
   

No 67 110 61.1 (48.5-72.8) 76.5 (67.7-83.9) 14.2 (7.35-24.1) 26.3 (18.4-35.6) n/a 7.4 (3.3-14.0) 

Yes 219 507 66.2 (59.5-72.4) 81.5 (77.8-84.7)
 ɸ
 19.2 (14.4-24.8) 25.2 (21.5-29.2) n/a 3.2 (1.8-5.3) 

Impact   

 
      

 
  

 
Impacted 255 409 66.6 (60.5-72.4) 83.5 (79.7-86.8)

 ɸ
 17.1 (12.9-22.0) 25.3 (21.3-29.7) n/a 4.4 (2.6-6.9) 

Comparison 31 165 51.6 (33.0-69.8) 73.9 (67.1-80.0) 25.8 (11.8-44.6) 25.6 (19.5-32.5) n/a 3.0 (1.0-6.9) 

Total 286 574 65.0 (59.1-70.5) 80.6 (77.2-83.6) 21.2 (16.8-26.1) 25.4 (22.0-29.0) n/a 4.0 (2.6-6.0) 

* Denominators might vary as not all women agreed to biomedical sampling; 
† 

Significant difference between population sub-groups in 2015; 
ɸ
 Significant difference between 

2011 and 2015 
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Place of delivery of the last-born child 

The proportion of women who gave birth to their last-born child at a health facility was 

significantly higher in 2015 (80.6%, 95% CI 77.2-83.6%) compared to 2011 (65.0%, 95% CI 

59.1-70.5%; Table 10.5). This positive trend was significant in the impacted sites (66.6%, 

95% CI 60.5-72.4% in 2011 versus 83.5%, 95% CI 79.7-86.8% in 2015) and in communities 

with a health facility (66.2%, 95% CI 59.5-72.4% in 2011 versus 81.5%, 95% CI 77.8-84.7% 

in 2015). In 2015, women with an educational attainment of secondary school or higher, 

women with a migrant background and women from the second and richest quartile were 

significantly more often delivering at a health facility than the other sub-groups. 

 

Health outcomes: anaemia and syphilis 

As shown in Table 10.5, among all women that were measured Hb levels, 21.2% (95% CI 

16.8-26.1%) in 2011 and 25.4% (95% CI 22.0-29.0%) in 2015 were found anaemic. Hence, 

the overall proportion of anaemic women has not changed significantly between 2011 and 

2015, although it was higher in 2015 compared to 2011. In 2015, no differences were found 

between sub-groups stratified by different background characteristics. Women with 

secondary education or higher were least affected by anaemia (16.6%, 95% CI 7.9-29.2%). 

The overall syphilis prevalence in women was 4.0% (95% CI 2.6-6.0%), whereas no 

significant differences were found when stratified by background characteristics. Women 

residing in the impacted sites had a higher prevalence (4.4%, 95% CI 2.62-6.06%) compared 

to the women in the comparison sites (3.0%, 95% CI 0.99-6.92%) although the observed 

difference was not significant. Women that participated in the health road shows (HRS) were 

less non-significantly likely to be infected with syphilis (OR=0.76, 95% CI 0.29-1.94; Table 

10.4) 

 

10.5 Discussion 

In women residing in a newly developed copper mining area, a selection of health, 

behavioural and knowledge outcomes were assessed in two consecutive cross-sectional 

surveys in 2011 (at baseline) and 2015 (at follow-up). The following indicators have improved 

significantly in the impacted but not in the comparison sites between baseline and follow-up: 

(i) the percentage of mothers giving birth in a health facility; (ii) the percentage of women not 

believing anymore that HIV can be transmitted by witchcraft or other supernatural means; 

and (iii) the percentage of women having ever tested for HIV. Neither in the impacted nor in 

the comparison sites negative trends over time were observed in the indicators presented 

here. In 2015, employment by FQML or a contractor thereof, migrant background, wealth and 



 Monitoring of selected indicators in women in the Trident project area  

122 

higher educational attainment were associated with better health, behavioural and 

knowledge outcomes in women reflecting a social gradient in health [53]. 

The HRS as a major project-initiated health intervention, predominantly pertaining to 

prevention of STIs, did not translate in better knowledge on HIV/AIDS in women. 

Paradoxically, women that did not participate in HRS had higher levels of comprehensive 

knowledge on HIV/AIDS and lower levels of believing that HIV can be transmitted by 

supernatural means. Operational research is needed to study the shortcomings and optimise 

information, education and communication (IEC) campaigns within the HRS [54]. The HRS 

did however have a positive effect on HIV-testing and condom use at last sexual intercourse, 

both key prevention methods against STIs. In fact, HIV-testing uptake has increased 

markedly in the area since the initiation of the HRS and the HIV positivity rate observed in 

the communities surrounding the project increased insignificantly from 3.0% (95% CI 2.0-

4.2%) in 2012 to 3.4% (95% CI 2.9-3.9%) in 2015 [33]. The interplay of HIV with other STIs 

ought to be considered in this setting. Syphilis renders women more susceptible to an HIV 

infection and increases viral loads in HIV-infected individuals, which in turn render individuals 

more infectious [43]. Syphilis infection in the project area was similar to what was found 

during the 2007 demographic and health survey in Zambia. The prevalence was 3.3% in 

women in Northwestern province and 3.9% in women living in rural areas compared to 

overall 4.0% in the 2015 FUHS [55]. 

The stable anaemia rate over years and the low variation between stratified groups 

underlines the slow progress made to improve anaemia in women due to persistent micro-

nutrient deficiencies, parasitic disease infections, HIV and inherited disorders in the present 

setting [41]. Still, a quarter of women in the richest quartile was anaemic although they 

presumably have increased and sufficient energy intake and less infectious diseases 

compared to other women [56]. A deeper assessment of diet quality in these women can 

investigate why iron needs are not met [57]. 

Taken together, the results from women and children presented here and elsewhere 

(Knoblauch et al. (2017) [35]) suggest that the population that migrated into the area is 

generally healthier than the receiving population. The ‘healthy migrant hypothesis’ speculates 

that although migrants face disadvantages in a new environment which can affect their 

health, they are a selectively healthier group compared to non-migrants [58]. This hypothesis 

cannot be tested in the current setting as pre-migration data are not available but the 

characteristics of migrants in this area, i.e. young labour-seekers, suggest that they are in 

good physical health and the data supports the ‘healthy migrant hypothesis’. At the same 

time, this underlines the particular attention that should be paid to the native population 

which are predisposed to a situation of economic and social vulnerability, including health, 

and a low assimilative capacity to changes brought in by migrants [13]. 
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Another finding further raises concerns related to equity; women from households where one 

or more persons are employed by FQML or a contractor had always better outcomes for the 

indicators assessed than their counterparts. Economic growth, brought by activities such as 

industrial mining, does not automatically translate in an equal distribution of benefits but 

needs social policies to create a fair environment, including health equity [59-61]. Effectively, 

there are socioeconomic or environmental domains that are outside the influence of project 

decision-makers [62]. Nevertheless, the HIA’s claim to reduce inequalities has yet to be 

validated [63, 64]. Continued cross-sectional monitoring over the projects lifespan will 

provide valuable information on HIA’s performance if applied in infrastructure development 

projects in remote rural Africa. So far, the HIA for the Trident project has demonstrated that 

(i) the community health management plan was tailored based on local health needs; (ii) 

close collaboration between the private and the health sector was achieved as the project 

acts as an implementing partner to the district health management team; and (iii) baseline 

and monitoring data collection is crucial to inform on an updated health status of 

communities residing in the project area and beyond and evaluate the performance of health 

interventions [33, 35, 65]. 

It is too premature at this point to judge the project’s overall influence on sustainable 

development, which is one of the HIA core values [34]. Theoretically, through its systematic 

approach to health, which includes the wider determinants of health, HIA aligns perfectly with 

the approaches proposed in the SDGs [1]. However, to validate the impact assessment’s 

promise to support sustainable development around infrastructure development projects, 

continued, long-term environmental, social and health surveillance and cross-sectional 

monitoring are indispensable [9, 66]. 

 

Limitations 

The Alere DetermineTM Syphilis TP detects antibodies of all isotypes against Treponema 

pallidum, the syphilis causing bacteria, and is unable to differentiate between active from 

cured disease [42]. The prevalence rate reported is therefore a combination of past and 

current infection. Due to the semi-purposive sentinel site sampling, the results have limited 

generalisability to other communities. In 2011, a number of indicators (e.g. syphilis, 

employment or migration background) were not assessed and only one comparison site was 

sampled, which limited a more comprehensive comparability between the years. 

 

10.6 Conclusions 

Factors associated with the development of a large-scale copper mine in Northwestern 

province of Zambia, such as employment and an individual’s migration background, were 
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associated with better health, behavioural and knowledge outcomes in women of 

reproductive age residing in the mining area. Although a general improvement of the 

assessed indicators was observed, the improvements were more articulated in the 

communities considered impacted by the mine compared to comparison communities 

outside the area of influence. Also, women with links to project-employment or a migrant 

background showed generally better outcomes indicating inequities and the need to address 

the local poor. Nevertheless, the HIA implementation of the Trident project suggests that the 

development of large-scale infrastructure projects can be an opportunity to improve women’s 

health if health impacts and its risk factors are appropriately managed. The evidence 

achieved through cross-sectional monitoring is key in observing the health status of 

communities impacted by projects. In fact, the HIA theoretically entails a health monitoring 

component which is insufficiently applied in large-scale infrastructure development projects 

and limits the evaluation on the contributions of such projects to protecting human health and 

fostering sustainable development [67, 68]. 
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11 Discussion 

The main goal of this PhD thesis was to investigate and strengthen the M&E component in 

HIA of large infrastructure development projects in SSA. At the core are six cross-sectional 

epidemiological surveys that were carried out in the vicinity of three extractive industry 

projects in Côte d’Ivoire (one survey), the DRC (one survey) and Zambia (two surveys) and 

one renewable energy project in Sierra Leone (two surveys). 

Against the background of an M&E framework in HIA developed by Bhatia et al. (2014), 

Figure 11.1 illustrates how this PhD thesis contributes to specific elements of M&E in HIA [1]. 

In the first section of the discussion (11.1), the research and monitoring approaches applied 

in the six surveys are discussed with regards to limitations and prospects of cross-sectional 

health surveys for M&E in HIA. In the second section (11.2), the experiences beyond the 

pursuit of cross-sectional health surveys contributing to process and impact evaluation in HIA 

are put in perspective to the opportunities that HIA can unfold. 

 

Figure 11.1: Contribution of the current PhD thesis to M&E in HIA of large 
infrastructure development projects in sub-Saharan Africa (adapted from Bhatia et al., 
2014) 
 

In the third section (11.3), the quantification of health impacts and outcomes in HIA and the 

opportunities this provides to enhance transparency and accountability issues are discussed. 

The forth section (11.4) presents a general discussion of current issues and prospects 
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around HIA of infrastructure development projects in SSA. Finally, section 11.5 elaborates on 

how this PhD thesis contributes to innovation, validation and application, which are key 

pillars of Swiss TPH along the entire value chain from discovery to policy implication [2]. 

Concluding remarks in section 11.6 and open research questions section 11.7 round up this 

PhD thesis. 

 

11.1 Limitations and prospects of cross-sectional health surveys for M&E in HIA 

Possible options for M&E of health impacts of infrastructure development projects in SSA are 

shown in Figure 11.2. This section discusses which combination of monitoring or surveillance 

methods make most sense in consideration of setting-specific characteristics, such as 

strength of the local routine HIS, the heterogeneity of the setting and the available time, 

financial and human resources. 

 

Figure 11.2: Options for M&E of health impacts of infrastructure development projects 
in SSA 
 

In a first step, the monitoring method or surveillance system or a combination thereof needs 

to be determined. The selection depends on the local circumstances such as strengths of the 

health system and routine HIS, on the health indicators to be monitored (e.g. chronic, rare or 

frequent conditions), the objectives (e.g. determination of prevalence rates, incidence rates, 
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cause-effect chain or risk factors) and project management decisions such as commitment to 

monitoring and the available budget. The scoping step is intended to assess the strength of 

the routine HIS and will thus influence the selection of the monitoring method. 

The routine HIS is a surveillance mechanism to describe the health status, morbidity and 

mortality of populations, associations between outcomes and risks and health determinants 

or detect disease outbreaks [3]. The strength of the routine HIS varies greatly between 

countries, depending, for example, on diagnostic abilities, human resource capacities and 

the functionality of the reporting system. In places with notoriously weak HIS, such as rural 

African settings, alternative M&E options need to be implemented if health impacts of 

development projects ought to be observed in a rigorous manner. 

Alternative options include a health and demographic surveillance system (HDSS), a cohort 

study design or a repeated cross-sectional study design. An HDSS is recording demographic 

changes (e.g. vital statistics and migration) and any desired indicator in all households 

included in the HDSS area in a longitudinal manner [4, 5]. Similarly, cohort studies apply 

longitudinal measurements in the same group of individuals. The advantages of these two 

options are the ability to measure events in temporal sequences, and hence establishing 

incidence rates and a strong cause/exposure-effect chain through the calculation of the 

relative risk ratios [6]. Thus, HDSS and cohort studies deliver continuous data for evidence-

based decision-making in HIA and beyond. Limitations related to longitudinal monitoring in 

this specific setting include: (i) potentially high in- and out-migration causing higher loss to 

follow-up and excluding in-migrated individuals (in cohort design only); (ii) high financial and 

time resources needed to maintain a HDSS or cohort; (iv) incentivisation might be needed; 

(v) survey fatigue; and (vi) the question of responsibility for such comprehensive monitoring 

(i.e. government versus project). In a cross-sectional design, true prevalence or coverage 

rates in the general population are established, hence, indicators that the other methods are 

unable to pick up [7]. The cross-sectional design is quicker and less costly than an HDSS or 

cohort study, loss of follow-up is not an issue and it is able to include migrants. However, the 

cross-sectional design is (i) weaker to detect rare diseases; (ii) biased towards chronic 

conditions; and (iii) unable to establish the sequence of events (association versus cause-

effect) [6, 8]. 

In conclusion, in view of the complexity and range of direct and indirect health impacts 

caused by infrastructure development projects, a combination of continuous and cross-

sectional data collection for M&E is recommended to convene the specific setting. First, 

routine health data collection in accordance with the host country’s HIS needs to be collected 

at the project health facility/facilities and ideally channelled back into the public HIS. Second, 

some indicators warrant continuous surveillance depending on their aetiology and 

significance. For example, cross-sectional monitoring of the HIV prevalence every few years 
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only would be highly negligent [9]. Third, repeated cross-sectional monitoring at 3- to 5-year 

intervals are needed to observe indicators that change over longer periods of time (e.g. 

stunting) and establishing whether or not the changes are attributable to a project [8, 10, 11]. 

If resources allow, the cross-sectional approach can be extended by a cohort of people 

native to the area, which allows more precise cause-effect calculations. Forth, and 

importantly, is the inclusion of a comparison group in the cross-sectional design, which 

allows differentiating changes caused by a project from changes that occurred overall [7, 10, 

11]. 

In a second step, the sampling method for the study population needs to be determined in 

case of a cohort or cross-sectional study. A simple randomised sampling is possible if a 

sampling frame is available, e.g. a complete census or household listing. This is rarely the 

case in SSA and generating a sampling frame is time- and resource-consuming. In absence 

of a sampling frame, a randomised cluster sampling or a sentinel site sampling are possible. 

In the randomised cluster sampling, clusters within a geographical area are randomly 

selected whereas each cluster has the same probability of selection. In the sentinel site 

sampling, clusters or sites are selected purposively [12]. With the different sampling methods 

mentioned here, the degree of randomisation reduces in the order in which they were 

mentioned and thus also the representativeness the sample has for the general population 

(see Figure 11.2). 

In conclusion, in the specific setting of development projects, a probability sampling reduces 

the chances of potentially highly impacted communities to be included in the sampling. The 

semi-purposively sentinel site sampling conversely increases their chances to be included 

[13]. Especially the need for baseline data in impacted communities outweighs the loss in 

randomisation from a completely randomised design and therefore, a semi-purposively 

selection is recommended. In settings where resources allow surveying a high percentage of 

the population, the degree of randomisation and precision of estimates is improved. 

On a third level, again in case of a cohort or cross-sectional study design, the selection of 

households as the primary sampling unit needs to be determined. A probability sample is 

desirable to increase randomisation. Again, simple randomised sampling would be the gold 

standard to achieve a random sample and most precise estimates but a sampling frame is 

required. With the emergence of Google Earth®, satellite pictures of selected clusters or 

sentinel sites can be made available and used as a sort of a sampling frame [14]. However, 

time efforts and feasibility of this method need to be validated, as field conditions such as 

occupancy of houses or exact village boundaries in case of adjoining villages are not known. 

The EPI method, as introduced in chapter 3.2.1, has been widely applied in settings where 

no sampling frame was available. However, it has known shortcomings [15]. First, houses 

that are closer to the starting point are overrepresented. Second, the nearest household 
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fulfilling the inclusion criteria is chosen for further sampling. Third, the EPI method was 

validated for estimating the immunization coverage of children aged 12-23 months which are 

expected in every 7th households. In contrast, the present surveys consider children under 5 

years of age, which are expected to be present in more households. This methods leads to 

clustering and also accuracy for indicators such as socioeconomic status or child health is 

reported to be weaker [16]. A further adaption of the EPI method as proposed by Krauth et 

al. (in preparation) and Krauth et al. (2015) is to decrease oversampling of central 

households and clustering [17]. In practice, the selection of ‘the next household’ can be 

further randomised in terms of direction and distance. The distance to ‘the next household’ is 

selected from a random number between 1 and 20 houses separating the selected 

households, instead of simply ‘the nearest household’. And the direction is chosen randomly 

after every household visited. Another option is segment sampling, as nowadays increasingly 

implemented [18]. Therefore, the sentinel site will be sketched and divided in equally sized 

segments until the predefined size of the sampling segment is achieved [15, 19]. Either a 

random sampling is done within the segment or the segment is as small as the required 

sample size and the ‘take all’ rule is applied [18]. The disadvantage is that it takes time to 

find the segment, either through a pre-visit of the site or on the survey day itself, which 

delays commencement of survey activities [19]. 

In conclusion, the household sampling as currently applied in cross-sectional health surveys 

needs optimization to increase randomisation and decrease clustering. Both, the approach 

put forward by Krauth et al. (unpublished) and the segment sampling optimize equal 

probability of households to be selected. In both cases, familiarity with the setting through 

satellite images can facilitate the sampling processes (e.g. segmentation or localisation of 

sampling starting point). 

The discussion around advantages and limitations of different options for M&E of health 

impacts caused by infrastructure development projects, together with the findings from the 

thesis’ case studies suggest that repeated cross-sectional surveys every few years have 

considerable potential to track changes in the health status in project-affected populations. 

Cross-sectional monitoring every few years by itself is, however, insufficient and monitoring 

at shorter intervals or a surveillance system are indispensable in order to detect and manage 

certain health impacts in a timely manner. By purposively considering communities impacted 

by a project, independent of their population size, the sampling method suffers in degrees of 

randomisation. However, these impacted communities need representation in the study 

sample. The degree of randomisation can be increased at the level of household selection 

and by adding further sentinel sites. 
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11.2 Contribution of PhD thesis research to HIA process and impact evaluation 

Covering all elements of M&E in HIA, as displayed in Figure 11.1, was out of scope of this 

PhD thesis. Nevertheless, the HIA process as a whole was implemented for the 

infrastructure development projects introduced in this thesis and the experiences gained 

reach beyond the pursuit of cross-sectional health surveys. These experiences allow to make 

certain statements on selected elements of HIA process and impact evaluation, which are 

presented in Table 11.1. 
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Table 11.1: Contribution of case studies to HIA process and impact evaluation 

Elements of HIA 

process and 

impact evaluation 

PhD thesis case studies 

Kibali Gold Mine BHS (2010) Bonikro Gold Mine malaria 

and anaemia survey (2011) 

ABSL project BHS (2010) and 

FUHS (2013) 

Trident project BHS (2011) 

and FUHS (2015) 

HIA core values 

(democracy, 

equity, sustainable 

development, 

ethical use of 

evidence, 

systematic 

approach to 

health) 

 

By applying the IFC’s EHA framework, the various HIA reported here supported a comprehensive approach to health, including 

social, economic, environmental and institutional determinants of health. This is also reflected in the broad range of indicators collected 

during the surveys at individual, household, community, school and health facility levels and the combination of questionnaire, 

biomonitoring and environmental sampling. This in turn generated a robust evidence-base which ought to be used by decision-makers. 

In addition, through peer-reviewed publications, the projects adhered to the transparency principle [20]. 

Through the stakeholder engagement, affected populations can participate in issues that affect their health (democracy value) [21-24]. 

Three of the present case studies involved the communities in the scoping phase through focus group discussions (FGDs) and 

community consultations and primary health data collection was pursued in all four project areas. 

Equity, including gender considerations, and the integration of migrants and resettlement communities as separate stakeholders and/or 

PACs remains neglected in HIA, which was partly true in the case studies [25, 26]. However, a learning process took place. For 

example, in the ABSL FUHS, project-important factors such as migration background were relying on an average estimate by 

measuring the population size in 2010 (BHS) versus the population size in 2013 (FUHS). In the Trident FUHS (2015), such indicators 

were assessed at the individual level, which makes exposure-effect statistics more precise. 

For the present case studies, it is still too early to answer the question whether or not the projects contributed to sustainable 

development. 

HIA stakeholder 

participation 

In all case studies, the local public health system partners, e.g. district health management teams or respective counterparts, served as 

strong partners in planning and implementation of the surveys. Peer-reviewed publications were co-authored and published by local 

health authorities and partner organisations together with researchers from academic institutions. 

Community acceptance was high in the surveys indicating (i) intact community relations and (ii) good survey sensitization [27]. 

However, local hospitality was probably the most important reason. The ABSL project was rewarded for its stakeholder engagement 

process by an independent auditing body [28]. 
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Elements of HIA 

process and 

impact evaluation 

PhD thesis case studies 

Kibali Gold Mine BHS (2010) Bonikro Gold Mine malaria 

and anaemia survey (2011) 

ABSL project BHS (2010) and 

FUHS (2013) 

Trident project BHS (2011) 

and FUHS (2015) 

HIA research and 

continued HIA 

activities (e.g. 

community health 

management, 

M&E including 

FUHS) 

The research methodology applied in all case studies was similar, as discussed in 11.1. The follow-up activities within HIA varied 

greatly between the case study projects. Importantly, two case study projects stand out by the fact alone that they did conduct an 

FUHS. It cannot be ruled out, however, that other projects have similarly rigorous monitoring or surveillance systems in place but the 

results are not accessible or visible. 

Follow-up activities are 

unknown as there is no 

information accessible on steps 

4-6 of the HIA process. 

M&E is perhaps done outside 

the scope of the HIA process. 

No comprehensive BHS was 

conducted which limits the 

evidence-base for conditions 

other than malaria and 

anaemia. 

M&E is perhaps done outside 

the scope of the HIA process. 

With regards to the 

methodology, additional 

comparison sites were added to 

improve the statistical power of 

future FUHS. 

The amount of continued HIA 

activities is deemed 

appropriate, with repeated 

cross-sectional monitoring at 

short and long intervals. 

With regards to the 

methodology, additional 

comparison sites were added to 

improve the statistical power of 

future FUHS. 

The amount of continued HIA 

activities is deemed 

appropriate, with repeated 

cross-sectional monitoring at 

short and long intervals. 

Contracted HIA expertise on a 

continued basis (10%). 

HIA time lines HIA was initiated before project 

development. Baseline data 

were collected during feasibility 

studies. 

Data collection occurred during 

the operation phase, hence not 

ideal to assess a true baseline. 

HIA was initiated before project 

development. Baseline data 

were collected during feasibility 

studies. 

HIA was initiated before project 

development. Baseline data 

were collected during feasibility 

studies. 
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Taken together, Table 11.1 shows that important elements of HIA were covered in the case 

studies but to varying degrees. This depends on the impact assessors’ conduct and 

recommendations and finally on project management decisions. However, the lack of 

transparency, visibility or continuation of HIA activities hinders a stronger evaluation of HIA 

elements. For example, for two projects, HIA follow-up activities are largely unknown but 

might exist. Furthermore, to cover all elements of M&E in HIA as displayed in Figure 11.1, 

two additional evaluations are needed: (i) quality review of HIA reports covering elements of 

HIA process evaluation; and (ii) stakeholder consultations covering elements of HIA impact 

evaluation [29-32]. With the practical knowledge and evidence at hand at the moment, it can 

be concluded that the implementation of HIA triggered inter-sectoral collaboration (i.e. with 

the health sector), community engagement and evidence-based decision-making. 

 

11.3 Quantification, transparency and accountability in HIA 

In 2009, the IFC HIA guidelines stated that ‘Due to complex ethical and technical issues, as 

well as uncertainty associated with linkages between results and exposures, biomonitoring 

typically is not performed by the private sector as part of HIAs’ [33]. This was preceded by a 

number of scholarly article emphasising that quantification of impacts and biomonitoring, i.e. 

quantification of outcomes, are out of the scope or unnecessary for HIA [34, 35]. Due to the 

assumptive and qualitative approaches of HIA and often incomplete baseline data leading to 

high levels of uncertainties, quantitative precision was deemed excessive [35].  

Especially in LMIC, the collection of primary health data, including biomedical samples, was 

considered difficult and data on infectious diseases and SDHs were rarely collected [36, 37]. 

This is probably linked to the fact that HIA was usually covered under EIA and practitioners 

had limited epidemiological or medical expertise. Therefore, quantification of health impacts 

was often restricted to measurement of environmental exposures in water, soil and air [37, 

38]. Meanwhile, many methods and approaches to quantify impacts and outcomes have 

been put forward in different disciplines and settings [37, 39-41]. By including human 

biomonitoring data, a greater precision in exposure and associated risk may be achieved. 

Moreover, biomonitoring is independent from response bias [7, 39]. The case studies 

presented here apply standard epidemiological surveys adapted to the specific project 

setting of infrastructure development projects. The implemented method has demonstrated 

that quantification of health outcomes and its determinants is possible in remote settings if 

adequate financial resources are provided. Despite difficult logistic conditions, best practice 

standards, high quality diagnostics and measurement tools, standard operating procedures 

and international classification schemes were applied to guarantee quality of measurements 

[42]. 
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An advantage of quantified health outcomes, especially robust baseline data, consists of 

having a legal leverage to prosecute health offences and holding projects accountable for 

impacts that might occur over the course of a project [25, 43, 44]. For projects, 

accountability, transparency goals, financial and reputational reasons can motivate the 

collection of health data at baseline and follow-up [45, 46]. The suite of impact assessments, 

including HIA, EIA, SIA and human rights impact assessment (HRIA) provide a means of 

monitoring accountability towards the general public and affected population about the 

impacts of their activities [47, 48]. The notion that governments, national and multinational 

bodies and corporations need to be held accountable for the impacts of their policies or 

activities has gained traction in recent years [25, 44, 49, 50]. However, in LMIC, the pursuit of 

HIA of projects with expected moderate and significant impacts to secure funding are often 

the only enforcement mechanism for HIA and therein, baseline health data collection is not 

yet mandatory [20, 33, 51]. In the absence of a regulatory environment, projects not only can 

operate without adhering to any health standards but also sometimes find themselves 

safeguarding health with little government support [45].  

Transparency, providing information to the public, is a prerequisite for accountability. Data 

collected in the private sector can supplement HIS data if they are shared with the local 

health authorities and at times, they provide the only data source in an area [52]. Results 

from various BHS have been published in the peer-review literature, increasingly so in open-

access journals. At times the whole survey reports were made available online [53]. Results 

from the case studies pertaining to malaria assessments were shared with the Malaria Atlas 

Project (MAP), while georeferenced survey data pertaining to schistosomiasis and soil-

transmitted helminthiasis were shared with the manager of the open-access Global 

Neglected Tropical Diseases (GNTD) database [54, 55]. The epidemiological survey data 

therefore make a valid contribution to disease mapping and modelling which will support 

cost-effective disease control planning. 

 

11.4 Prospects of HIA 

11.4.1 Health-in-all-sectors and HIA 

Goal number three of the Sustainable Development Goals (SDGs) agenda pertains to health 

by stating: “Ensure healthy lives and promote well-being for all at all ages” [56]. The 

Technical Support Team’s issue brief on ‘health and sustainable development’ explains the 

central role of health in the economic, social and environmental dimensions of sustainable 

development [57]. A health-in-all-sectors approach is established, where health-related 

targets are to be considered in developments across all sectors accompanied by monitoring 

of health- and SDH-indicators [57]. The monitoring of health impacts has explicitly been 
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declared as one of the five priorities in the framework of the SDGs and governments, 

scientists and private sectors are called to routinely release their data [58]. The common 

intentions, goals and approaches between the SDGs and HIA are striking, and hence, the 

SDGs era creates additional momentum for HIA. 

This holds true for the private sector, which could and should play an important role in the 

economic, healthy and sustainable development of every country [57, 59-62]. The permitting 

process for development of private sector projects usually considers potential environmental 

and social impacts, whereas health impacts are often neglected [63-66]. HIA is nowadays 

often regarded as a necessity by projects because community health issues can affect 

business performance with significant financial repercussions and productivity loss, but can 

also affect the company’s reputation [45]. Nevertheless, many projects do not conduct an 

HIA and private sector projects are therefore called to further raise their health management 

and sustainability standards [60]. This includes the commission of HIA or similar approaches 

to safeguard community and workforce health. Corporate social responsibility (CSR) beyond 

the fence line of a project has become a widely used concept where a company initiates 

social, economic, environmental and health development initiatives to support sustainable 

development in communities that are affected by a project [60, 67]. 

In recent years, major public health agencies, such as the Global Fund to Fight AIDS, 

Tuberculosis (TB) and malaria (GFATM) and the Roll Back Malaria (RBM) Partnership called 

for the strengthening of the collaboration with and contribution of the private sector to health 

promotion and disease control [68, 69]. Overall, HIA provides an opportunity for inter-sectoral 

collaboration and strengthening of partnerships with the Ministry of Health, donors, 

implementing organisations and research institutions [70]. Examples of fruitful public-private 

partnerships showcased how health promotion activities decreased disease burden in the 

workforce and communities, how cost-saving prevention is compared to curative expenses 

and how activities can expanded beyond a project’s area of influence [70-72].  

 

11.4.2 Situating HIA within the impact assessment suite 

HIA has matured since the formulation of the Gothenburg consensus paper in 1999. A 

process has been established which is applied across all disciplines but at the same time the 

HIA demonstrated flexibility to adapt to different contexts and allowing for new 

methodological features or tools [38, 73-81]. Notwithstanding, HIA has not yet reached the 

same acceptation as EIA or SIA and there is ongoing debate on whether or not health should 

be covered under EIA [77, 82-88]. The pro-arguments are that: (i) health could be sort of a 

freeloader in EIA (“piggybacking”), since EIA is a regulatory requirement in many countries 

and is therefore a catalyst for HIA requirement [35, 86, 89, 90]; (ii) EIA and SIA offer ideal 
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platforms for HIA and a close association prevents HIA of becoming an isolated process [77]; 

(iii) the core values, intersectoral approach and comparatively higher transparency 

characteristic to HIA would have beneficial effects for the other impact assessments [86]; (iv) 

duplication of efforts can be reduced since environment and health are closely linked [91]; (v) 

an additional assessment could increase impact assessment fatigue [32]; and (vi) the limited 

evaluation of HIA as a single approach does not yet justify its use [86, 92]. The contra 

arguments are that: (i) health is often not given the appropriate attention in EIA but is 

reduced to a single paragraph and lacking depth and comprehensiveness [86, 88, 93-95]; (ii) 

the environmental risk factors are prominent over social and other determinants of health [35, 

82, 87, 88]; (iii) EIA are conducted by environmentalists with little public health training or 

with inadequate involvement of public health professionals [77, 96]; (iv) the association and 

collaboration with the health authorities might be overseen when embedding health in EIA; 

(v) in some countries, where EIA is perceived as a bureaucratic hurdle that delays 

processes, the rather negative annotation with EIA would be a barrier to the promotion of HIA 

[90, 97]; and (vi) there is the potential risk to overload the EIA and create confusion on what 

EIA or HIA entail [90]. 

The integrated impact assessment (IIA) provides an alternative option to recognise 

interlinkages and mutual benefits and bring the impact assessments closer together [95]. 

There is, however, discrepancy on the terminology and understanding of IIA [98]. In some 

cases, IIA relates again to the integration of health into the ‘existing impact assessments’, i.e. 

in EIA or SIA. This is sometimes also referred to as ‘environmental HIA’ or integrated 

HIA/EIA [35, 91]. In other cases, as argued by Kemm (2013), two or multiple impact 

assessments amalgamate without replacing each other or competing [32]. This is also the 

definition embraced by the IFC, often labelled as ESHIA. Based on Kemm’s understanding, 

the features of an IIA are that (i) impact practitioners form all fields (e.g. environment, cultural 

heritage, social and health) collaborate closely from the start of the feasibility studies to 

shape the impact assessment together; and (ii) a consolidated ESHIA report is provided to 

the decision-makers covering the full range of impacts and the jointly developed mitigation 

measures [77]. 

Again within IIA, health has been found to be neglected. For example, in 2005/2006, more 

than half of the integrated assessments conducted by the European Commission had no 

mention of health, although this indicates that IIA is probably understood as health being 

covered under EIA [99]. Once more, most literature on HIA/EIA integration stems from 

experience in high-income countries. The neglect of health in the permitting process and 

impact assessments of infrastructure development projects is especially negligent in SSA, 

which carries high burden of disease with a large proportion of vulnerable and poor 

population groups [100]. For projects in SSA, the situating of HIA within the impact 
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assessment suite is not yet clearly defined. Whichever approach to health is used, for the 

future direction of HIA in SSA, either a reform of EIA practice is needed so that it adequately 

covers health or HIA needs to be established to complement EIA [32]. 

 

11.4.3 The call for an updated HIA consensus 

In view of the diversity of methods, tools, principles and elements that advanced HIA in the 

different settings, there is a strong argument to take a step back and re-evaluate the core 

values and guiding principles of HIA as they were formulated from a European perspective in 

1999 [101-103]. Krieger et al. (2010) argue that for private sector HIA in LMIC, social 

management and alleviation of inequalities attained through the SDH-based HIA framework 

is out of scope of the HIA [104]. In their view, an EHA-based framework as proposed by the 

IFC is more feasible as the project can influence environmental elements more directly [105]. 

Other experts in the field argue that the two frameworks are not mutually exclusive and have 

fused over the years [75, 106]. Harris-Roxas and colleagues (2012) believe that the 

European-shaped HIA consensus is outdated in light of the HIA development over the past 

20 years [79]. For example, HIA core values such as ‘comprehensive approach to health’ 

and ‘ethical use of evidence’ are undisputed, but the degree to which the ‘democracy’ value 

can be applied in the different settings can be argued. In rural parts of SSA, as elsewhere, 

community participation is crucial in understanding local behaviours, perceptions and beliefs 

but the evidence of community participation in improving health outcomes is weak [107, 108]. 

Moreover, emerging global issues, such as climate change, population growth, urbanization 

and (re-)emerging infectious diseases need more attention in the future [109, 110]. 

Consequently, there have been a range of ‘informal’ additions to the guiding principles or 

characteristics of HIA (e.g. transparency and monitoring) [1, 20, 87, 102, 111]. In a 2014 

review, Fakhri et al. (2014) discovered 122 characteristics related to HIA and proposed that a 

overreaching guidance on universal HIA practice is feasible and necessary [102]. In 

response, Winkler and Utzinger (2014) argued that a new consensus on HIA is needed but it 

should by no means prevent the unfolding of HIA in many disciplines and settings [103]. 

Overall, there is some discontent and also excitement among HIA practitioners and 

researchers who think there is a strong need for the new developments to be endorsed by 

the WHO in an updated international consensus on HIA. This would provide a new reference 

document at an official level, by the global public health agency, with clear guidance on HIA. 

 

11.5 Thesis contribution to innovation, validation and application 

The present PhD thesis pursued at the Swiss TPH contributed to the entire value chain from 

innovation to application, which forms the foundation of Swiss TPH’s research and 
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development activities. Innovation refers to basic research in the laboratory, development of 

new tools or drugs and elaboration of concepts and methods for epidemiology and public 

health. Through validation, newly developed tools, drugs, concepts and methods are tested 

under ‘real-life’ conditions. Research findings and gained knowledge from the field validation 

can then be transformed into policies and applied at health system level [2]. The 

contributions of this PhD thesis to the three domains are summarised in Table 11.2. 
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Table 11.2: Contribution of the PHD thesis to the Swiss TPH value chain of “innovation, validation and application” 

Chapter Innovation Validation Application 

Chapter 4  The modular BHS methodology was 

specifically developed by Winkler et al. 

(2010) for large-scale infrastructure 

development project settings in remote areas 

and resource constraint settings of SSA.  

The BHS conducted in August 2010 in the Kibali 

Gold Mine was the first validation of the modular BHS 

methodology developed by Winkler et al. (2010) 

[112]. 

 

Chapter 5  The malaria and anaemia survey conducted in the 

BGM project area was a validation of the survey 

methodology with the goal to estimate the true 

prevalence of two important conditions in children 

under 5 years of age in this setting. 

 

Chapter 6  The effects of a renewable energy project using a 

large area of arable land on the local food security 

and nutritional indicators in children was so far not 

assessed through repeated cross-sectional surveys. 

Moreover, the results have been publicly released 

through peer-reviewed scientific literature. 

The findings from repeated-cross 

sectional surveys for the two projects 

demonstrate the importance and 

effectiveness of M&E in HIA and the HIA 

itself. 

The PhD thesis makes a case for 

integrating HIA with a robust M&E 

component as a routine process for 

infrastructure development projects in 

SSA. 

Enforcement mechanisms for HIA at 

national policy level in SSA have yet to 

be implemented. 

Chapter 7 The FUHS for M&E in HIA is a newly 

developed element that has not previously 

been implemented in infrastructure 

development project settings in SSA. 

Chapters 

8 - 10 

The effects of extractive industry projects 

implemented in SSA with a focus on child 

and women’s health outside the chemical 

hazard spectrum was rarely assessed in a 

repeated cross-sectional manner. 

 

This case study provides one of the few examples on 

HIA implementation of a project in SSA and its 

outcomes, in the particular case of HIV/AIDS.  

The FUHS is an almost unique implementation of 

repeated cross-sectional monitoring in project 

settings in SSA where the results have been publicly 

released through peer-reviewed articles. The 

methods and tools used proofed valid to detect 

changes of health outcomes and associated factors. 
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11.6 Conclusion 

The heart of this PhD thesis is a series of case studies on assessing and monitoring health 

impacts caused by large infrastructure projects in the renewable energy and extractive 

industry sectors in SSA. It was driven by the lack of case study examples of HIA 

implementation in private sector projects in SSA and the monitoring of health outcomes 

predicted within HIA, despite over 20 years of HIA implementation. Cross-sectional health 

surveys in communities residing in the respective project areas, including three BHS and two 

FUHS, were conducted with the goals to (i) observe changing patterns of health in 

communities affected by specific projects; (ii) identify determinants and factors of changing 

health; and (iii) support decision-making on health intervention strategies to mitigate negative 

and promote positive health effects caused by projects. 

The approach of cross-sectional health surveys used for M&E of health impacts caused by 

infrastructure development projects is promising in detecting changing patterns of community 

health and in supporting locally adapted health interventions. The baseline and follow-up 

health data collection within the HIA framework of the four case studies generated a 

combination of biomedical, behavioural, contextual and environmental indicators which 

allowed projects and health authorities to better understand pressing health needs in the 

communities or sub-populations and take actions for health promotion. It has been 

demonstrated that quantification of health outcomes is possible even when resources are 

constrained, the logistics difficult and the location remote, which was previously deemed 

doubtful or unnecessary by the HIA community. Yet, at the same time the lack of 

quantification was declared a weakness of the HIA process. So far, the results from two 

FUHS conducted in Sierra Leone and Zambia showed generally encouraging results with 

regards to HIA’s impact on projects. 

Cross-sectional M&E every few years, however, needs to be complemented by monitoring or 

surveillance mechanisms with significantly shorter time intervals (e.g. continuous, weekly, 

monthly) to guarantee rapid response and preventive disease control. Consequently, a 

combination of routine (continuous) and cross-sectional monitoring at larger intervals is of 

paramount importance. This is valid not only for the individual projects, but also for HIA 

practice in LMIC and most importantly, for the affected communities to protect and improve 

their health. However, without legal requirements or any other means of enforcement at 

country level, the commissioning of HIA as well as the conduction of baseline and monitoring 

health data remains ultimately in the hands of projects, industry associations and financial 

institutions and can therefore be bypassed by a large number of projects that do not rely on 

third party funding [109]. 
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The monitoring of health outcomes and SDH-indicators performed in this PhD thesis 

contributed to the validation of steps 4 and 5 and partly step 6 of the HIA process which so 

far have been largely neglected in practice and literature and supposedly have hampered the 

establishment of HIA as an integral and equal part of the impact assessment suite. The goals 

and intentions of HIA, which considers health impacts of projects outside the health sector, 

are perfectly in line with the SDGs positioning of health as a cross-cutting issue between the 

social, economic and environmental dimensions of sustainable development. Moreover, the 

monitoring of health-related targets has been declared as one of the five priorities in the 

framework of the SDGs. Consequently, there is a strong case to use HIA that has a robust 

M&E component and demonstrate its effectiveness in promoting health through additional 

case studies that rigorously evaluate the entire HIA process. 

 

11.7 Open research needs 

In view of the current HIA practice together with the experience and findings from the present 

PhD thesis, the following research needs arise: 

(i) Recently, M&E in HIA is given more attention in HIA practice. An optimised 

combination of surveillance and monitoring of health impacts of infrastructure 

development and management projects in SSA, has yet to be studied. This should 

also address the attention given to population sub-groups (e.g. migrants or 

marginalised groups) and the level of integration into the routine HIS. 

(ii) An overall evaluation of the HIA process after decommissioning of an infrastructure 

development project in SSA was, to our knowledge, never done. Such a final 

evaluation will give insight on the overall impacts, help to evaluate the predictions 

made in the HIA risk assessment step and evaluate whether the HIA achieved its 

ultimate goal of minimising negative health impacts and promoting positive health 

impacts. 

(iii) Cost-effectiveness evaluations of health interventions are common. The cost-

effectiveness of workplace disease control programmes has also been studied. 

However, a thorough cost-effectiveness analysis of HIA benefitting the workforce but 

also the communities they live in would measure whether or not there is a business 

case for projects to commission an HIA. 

(iv) Similarly, a cost-benefit analysis of HIA for large development projects will support 

host governments to estimate the costs of such activities for the public health 

system versus cost-savings achieved through proactive health prevention 

approaches such as HIA. 
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(v) Evidently, projects that impact on health through their activities should be obligated 

to appropriately manage health risks, for example through the commissioning of an 

HIA. The reasons for the current absence of HIA enforcement mechanisms in 

countries in SSA are not well understood. An increased understanding of the 

political, cultural, institutional or other barriers will help to overcome such barriers 

and can pave the way for HIA institutionalisation at national levels. 

(vi) Conclusions on the contribution of infrastructure development projects on 

sustainable development, or the absence thereof, cannot be drawn based on a few 

case studies. A large number of projects need to be evaluated based on a set of key 

indicators. This will elucidate the overarching effects of infrastructure projects on 

population health. Moreover, projects that implemented HIA can be compared with 

projects that did not implement an HIA and differences will reveal if HIA fulfils the 

promises it holds.  
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12 Appendices 

12.1 Equator Principles 

Table 12.1: Equator Principles 

Principle 1 – review and categorisation: Each project will be categorised based on the magnitude of its 

potential risks and impacts reaching from A (significant, adverse, irreversible or unprecedented impacts), 

to B (limited, localized, reversible and addressable), to C (minimal or no adverse impacts). 

Principle 2 – environmental and social assessment: Category A and B projects require the conduction of 

an impact assessment to address relevant impacts and proposes measures to avoid, minimize and 

mitigate impacts. 

Principle 3 – applicable environmental and social standards: The project and impact assessment must in 

any instance comply to host country laws, regulations and permits that pertain to environmental and 

social issues. 

Principle 4 – environmental and social management system and Equator Principles action plan: a 

management or action plan is prepared by the project that addresses all issues raised in the impact 

assessment and incorporates all requirements to comply with laws and regulations. 

Principle 5 – stakeholder engagement: Category A and B projects need to engage in an ongoing 

stakeholder process with affected communities and if relevant, other stakeholders. 

Principle 6 – grievance mechanism: A grievance mechanism for affected communities should be in place 

throughout the life of the loan. 

Principle 7 – independent review: The impact assessment process should be reviewed by an 

independent consultant with no direct link to the project.  

Principle 8 – covenants: All projects will covenant in the financing documentation to comply with all 

relevant host country environmental and social laws, regulations and permits in all material respects. 

Principle 9 – independent monitoring and reporting: Independent consultants will assess projects with 

relevance to their compliance with the Equator Principles throughout the life of the loan. 

Principle 10 – reporting and transparency: For all category A and as appropriate for category B projects, 

as a minimum, a summary of the impact assessment must be publicly accessible online plus the project 

must publicly report on green-house gas emission levels (if emitting over 100,000 tonnes of CO2 (carbon 

dioxide) annually). 

 

As of March 2016, 82 EPFIs in 36 countries have adopted the Equator Principles, covering 

over 70 percent of international project finance debt in emerging markets. 
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12.2 Environmental health areas 

Table 12.2: Environmental health areas 

EHA 1 Communicable diseases linked to the living environment – Transmission of communicable 

diseases linked to inadequate housing design, overcrowding and housing inflation. 

EHA 2 Vector-related diseases – Diseases that are transmitted via a vector such as mosquito, fly, 

tick or lice. 

EHA 3 Soil-, water- and waste-related diseases – Diseases that are transmitted directly or indirectly 

through contaminated water, soil or non-hazardous waste. 

EHA 4 STIs, including HIV/AIDS – Infections commonly transmitted by sex and caused by ~30 

different bacteria, viruses and parasites. 

EHA 5 Food- and nutrition-related issues – Adverse health effects such as malnutrition, anaemia or 

micronutrient deficiencies due to e.g. changes in agricultural and subsistence practices, or food 

inflation; gastroenteritis, food-borne trematodiases, etc. This also considers feeding behaviours 

and practices. Access to land plays a major role in developing subsistence farming contexts. 

EHA 6 Non-communicable diseases – Non-infections, non-transmissible, often chronic diseases that 

have individual, lifestyle and environmental risk factors such as smoking, obesity, high blood 

pressure or other SDH. 

EHA 7 Accidents and injuries – Road traffic or work-related accidents and injuries (domestic and 

project-related) and drowning.  

EHA 8 Veterinary medicine and zoonotic diseases – Diseases (i) affecting animals and humans or 

(ii) diseases that potentially can be transmitted from animal to human. 

EHA 9 Exposure to potentially hazardous materials, noise and malodours – This considers the 

environmental health determinants linked to the project and related activities. It can also 

include exposure to heavy metals and hazardous chemical substances and other compounds, 

solvents or spills and releases from road traffic and exposure to mal-odours. 

EHA 10 SDH – Including psychosocial stress (due to e.g. resettlement, overcrowding, political, ethnic or 

economic crisis), mental health, gender issues, domestic violence, suicide, security concerns, 

substance misuse (e.g. drugs, alcohol, smoking). 

EHA 11 Health seeking behaviours and cultural health practices – Role of traditional medical 

providers, indigenous medicines and cultural health practices. 

EHA 12 Health systems issues – Physical health infrastructure (e.g. capacity, equipment, staffing 

levels and competencies, future development plans); disease control programmes (e.g. 

malaria-, TB-, HIV/AIDS-initiatives, maternal and child health). 
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