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ABSTRACT 

Curaçao is a Small Island Development State in the Wider Caribbean Region. In the scope of sustainable 

development and the UN SDGs, these states are characterized by being extra vulnerable to environmental 

changes induced by climate change. One important way of adapting and mitigating is the sustainable 

management of natural resources such as water. Poor management of water and wastewater in particular is 

leading to social and environmental problems in Curaçao such as harming economical activities like fisheries and 

marine ecosystems. Nevertheless, social and environmental consequences of this poor management on land is 

hardly investigated. Therefore, this research was set up to explore the consequences on land through three 

approaches. First, by sorting out the current situation of wastewater monitoring in Curaçao on the managerial 

level by partaking in a government agency as a participant observer. Second, by exploring the occurrence of 

wastewater related diseases among the people of Curaçao. Third, by attempting to draw conclusions about 

ground water quality and its probable suitability for irrigation, by locating likely sources of wastewater pollution 

on the estimation of groundwater quality in Excel with secondary data of electrical conductivity. The findings 

include that wastewater management should be treated with more priority and that more efforts should be paid 

on consistency in responsibilities and storage of data. As to public health risks, the applied method did not find 

wastewater related diseases. Still, more thorough research on the matter is recommended. Lastly, overall 

groundwater quality in Curaçao is not directly suitable for irrigation. The water quality analysis with electrical 

conductivity provided a location to start further research where wastewater contamination might be occurring, 

but requires more methods to confirm whether this is actually applicable.  

Keywords: Curaçao, wastewater management, Sustainable Development Goals SIDS, Public Health Risks, 

electrical conductivity,  groundwater quality, terrestrial consequences wastewater, irrigation 
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1. INTRODUCTION  

 

1.1. PROBLEM BACKGROUND 

Wastewater management is necessary to protect valuable ecosystems and to prevent vector borne based 

illnesses transmitted through faeces as wastewater contains high concentrations of nutrients and toxins 

(“Curaçao Environmental Statistics Compendium 2015”, 2017). It is a complex and costly environmental 

sustainability challenge throughout the world but a particularly important problem in the Wider Caribbean 

Region (WCR). Here, effective utility management appears to be lacking while it is scientifically recognized that 

wastewater sources from municipal, industrial, and agricultural sectors have major negative impacts on public 

health and biodiversity (“Wastewater Management in the Wider Caribbean Region”, n.d.). One of the countries 

in the WCR that need more scientific attention on this matter is Curaçao, as shortcomings in investments and 

ineffective management in the wastewater treatment sector are leading to severe social and environmental 

problems (“Intelligent reuse of wastewater”, 2016).  Most of these consequences are represented in a rich body 

of literature and ongoing research on the effects of wastewater disposal, focussing on the marine environment. 

They include eutrophication in the sea and coasts around Curaçao which leads to severe coral degradation and 

harms to water species such as seagrasses and fish ecosystems. In turn, these phenomena are leading to 

negative social impacts like on the economy, tourism and fisheries respectively (Govers, Lamers, Bouma, 

Brouwer & van Katwijk, 2014; “Curaçao Environmental Statistics Compendium 2015”, 2017). Ineffective 

regulation of wastewater treatment is one of the foundations of the problem (Adshead et al., 2018). The Curaçao 

government poses the lack of an overview of the wastewater utility system and its management as a 

contemporary and predominant challenge.1 Besides, proper wastewater treatment involves the maintenance of 

the physical assets of this utility such as pipes and machines, which currently plays an inhibiting role to safe 

treatment (CBM, 2019). The wastewater treatment facilities for instance, are either not properly functioning or 

not at all functioning and require renovation (CBM, 2019). Accordingly, the wastewater that results from the 

facilities’ network is for a great part directly released into the marine and terrestrial environment, both 

controlled and unintentionally: “Around 16% of the wastewater produced in Curaçao is treated, while the 

remaining 84% goes untreated and is discharged into the terrestrial and marine environment” (Adshead et al., 

2018, p. 23). Strikingly, it is estimated that the quality of the share of water that has undergone treatment does 

not qualify as good either.2 

 

1 Conversation with Head of Agriculture and Fishery at the Curaçao Ministry of Health, Nature and 
Environment, e-mail, February 2021. 

2 Conversation with Head of Agriculture and Fishery at the Curaçao Ministry of Nature, Environment and 
Health, e-mail, February 2021. 
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Furthermore, the proper treatment of wastewater and the availability of potable water for sanitation 

and drinking are not connected to each other in Curaçao. Potable water is provided by desalinated seawater 

nationally (Adshead et al., 2018), and is therefore not considered in this research. Nevertheless, it does remain 

important to realize why Curaçao depends on desalinated seawater, as it results from increasing scarcity of fresh 

water on land (“SDG Roadmap Curaçao”, 2018). In parallel, aside from potable water, safe water is crucial to 

support livelihoods with non-potable motives such as irrigation purposes too. Groundwater is the main water 

source for several types of farming and sustaining vegetated landscapes (“SDG Roadmap Curaçao”, 2018).  Thus, 

the availability of usable water such as good quality groundwater and treated wastewater are of great 

importance for Curaçao.  

 

1.2. SCIENTIFIC CONTEXT AND KNOWLEDGE GAP 

In scientific literature, most research about wastewater in Curaçao is about marine and coastal consequences. 

However, the effects of poor wastewater management on the terrestrial environment are yet poorly 

investigated. Therefore, the scope of this research is to try and understand better how wastewater manifests 

on land in Curaçao. The disciplinary research field of wastewater contaminated areas generally focusses on 

public health matters via public surveys and stool or water samples throughout the considering area (Dickin, 

Wallace, Qadir, & Pizzacalla, 2016). Accordingly, I identified three ways to investigate this matter for Curaçao. 

First, the current situation of wastewater treatment monitoring was observed in search for inhibiting managerial 

factors by taking part as a research intern with the Curaçao government. More specifically this entails the current 

situation of how this wastewater treatment system is approached by its management structure.  Second, the 

effects on public health of the release of (treated) wastewater are unknown, while (treated) wastewater reaches 

society by infiltrating into soils, groundwater and surface water and is used to irrigate public spaces and 

agricultural lands (Adshead et al., 2018; Drechsel, Keraita, Seidu & Abaidoo, 2014). This means that working with 

or living in and around areas that are irrigated with treated wastewater, contaminated through seepage or 

through the consumption of wastewater irrigated crops, might pose threats to one’s health through exposure 

to water borne illnesses (Drechsel et al., 2014). Therefore a public health survey was applied. Second, the 

quantities and sources of wastewater runoff and seepage are unknown. Therefore, SDG indicator 6.3.2.: 

“Proportion of bodies of water with good ambient water quality”, could be informative regarding the estimation 

of the effects of unknown quantities and diffuse sources of wastewater on the terrestrial environment by its 

relation to groundwater quality. It is argued by many scholars that electrical conductivity is a suitable parameter 

to indicate possible water contamination with industrial and domestic wastewater and sewerages and that 

runoff from such sources can be affected or reinforced by precipitation (Gunaalan et al., 2018). Thus, secondary 

data from water samples with these parameters are analysed to estimate groundwater quality as ambient 

waters possibly contaminated by wastewater.  
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1.3. RELEVANCE, OBJECTIVE AND RESEARCH QUESTIONS  

Considering a safe living environment including healthy water resources, the mentioned public issues on Curaçao 

can be considered human rights matters in the scope of sustainable development. Therefore, this research is 

scientifically relevant as it will add to knowledge on monitoring and context specific analysis of wastewater 

release into the terrestrial environment of Curaçao. Aside from providing an overview of the current situation 

of the managerial level of wastewater monitoring, exploring health risks that are related to possible wastewater 

contaminated areas could offer scientific insights into further research. This dates back into the 1800s, from 

when there have been ongoing crucial discoveries about the relationship between diseases and the spread and 

use of social utilities such as wastewater (Musa et al., 2013). Furthermore, while it is suspected but difficult to 

identify seepage sources in the wastewater system, the third assessment part of this research is an example of 

how SDG indicator 6.3.2. with groundwater quality could help establish the first step towards estimating the 

sources of diffuse wastewater pollution. As to the social relevance, this research aims at providing planning 

support to the Curaçao government to harbour safety for its citizens. Together, both result in the research 

objective of attempting to establish a beginning of replicable research on asset management for governments 

throughout the WCR by addressing social consequences of its lack thereof. Thus, the following research 

questions are central to this thesis: 

RQ1: What is the current situation of wastewater treatment monitoring in Curaçao? 

RQ2: Are there any commonly occurring wastewater related diseases in Curaçao and if so where do they occur?  

RQ3: How can electrical conductivity of groundwater and precipitation provide insights about possible  

wastewater seepage into groundwater and its suitability for irrigation?  

 

2. THEORETICAL FRAMEWORK 

On the global scale of sustainable development, Curaçao as a part of the Wider Caribbean Region is a Small 

Island Development State (SIDS). As such, they are recognized as one of the most vulnerable nations to the 

consequences of climate change both physically, socially, and economically (Mycoo, 2018; Déri, 2013; Latu, 

2009). Table 1 a general overview of the country profile including population, size, topography and GDP. See 

Appendix A for a more detailed overview. Global trends in climate change and sea level rise may have 

tremendous effects on individual islands whereas their national management of natural resources, or the lack 

thereof, contribute to the accumulation of this vulnerability simultaneously (National Report Sustainable 

Development Curaçao, 2014). In this regard, wastewater management along with its effects on the environment 
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and people, is important nationally and therefore has a prominent position in the bigger picture of sustainability. 

Because there is a growing need for more resilience, it has become more and more crucial to explore and 

implement ways for SIDSs to build this resilience in climate change mitigation and adaptation (Mycoo, 2018; 

Déri, 2013). Therefore, the exploration of the current state of wastewater management and its effects on public 

health and groundwater in Curaçao serves as a case study to combine several sustainability issues and measures. 

These include the problems that arise because there is no clear overview of the wastewater treatment network 

in Curaçao and what exactly happens to the terrestrial environment when wastewater reaches it through 

seepage or when released intentionally. One of the solutions to prevent the island from becoming more 

vulnerable can be by addressing these problems spatially to identify high risk areas for managerial urgency. This 

section provides the theoretical and conceptual fundamentals to plead for this measure by firstly describing the 

importance of wastewater management and how this can be related to public health and secondly, how 

groundwater quality might be a suitable indicator for terrestrial pollution by wastewater seepage.  

 

Table 1. General parameters of Curaçao. Country profile. 

Parameter Description Source 

Population 164.892 (2021) World Population Review (2021) 

Population Willemstad 

(urban) 

125.000 (2021) World Population Review (2021)  

Size 444 km2 “National Report Sustainable 

Development Curaçao” (2014, p. 6). 

Topography Predominantly flat but has hills alongside 

its entire length. The highest point rises 

372 m above sea level.  

“National Report Sustainable 

Development Curaçao” (2014, p. 6). 

GDP growth annual % -3.4 (2019) World Bank (2021)  
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2.1. CURRENT SITUATION OF PROBLEM 

The current situation of wastewater treatment in Curaçao is that 33% of the island's population is connected to 

a central sewerage system and there are four wastewater treatment facility plants in Curaçao. A research from 

2011 to 2018 by a collaboration of the Curaçao Government and the United Nations Office for Project Services 

(UNOPS) states four facilities: Tera Kora, Klein Kwartier, Abbatoir and Klein Hofje (Figure 2).  

 

 

Figure 1. Locations of the four wastewater treatment plants and their contribution per facility to the supply of wastewater treatment 

(Adshead et al., 2018, p. 23). 

 

These facilities are poorly maintained, and do not function as desired or meet the demand for treatment. Thus 

the wastewater that goes in for treatment is rather disposed of in an untreated or poorly treated state (Adshead 

et al., 2018; CBM, 2019). Furthermore, concerns raised by the Curaçao Ministry of Health, Nature and 

Environment as of February 20213 indicates that only three wastewater treatment plants Klein Hofje, Tera Kora 

and Klein Kwartier are active today. Besides the treatment facilities, the network on Curaçao mainly consists of 

a combined sewer system. Their function is to collect several types of wastewater in the same pipe, such as 

industrial wastewater, rainwater  and domestic sewage which are either carried to a wastewater treatment plant 

or to discharge points that end in larger water bodies (EPA, 2017). Figure 3 is an overview of the parts of the 

wastewater treatment network in Curaçao that are digitally available, as provided by the Curaçao government4. 

It includes all types of relevant pipes and overflow points which are labelled in the legend. The second image is 

a close-up solely representing the area over which the assets range. Whereas not all assets are clearly visible, 

they are still included in the legend to briefly provide context about the variety of sewerage components and 

their assemblance in the same area, which reveals differences between the rural and urban neighbourhoods. 

 

3 Conversation through email during the preliminary research phase. 

4 GIS department Public Works Curaçao 2021. 
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Figure 2. Brief overview of wastewater treatment and collection assets and assemblance in Willemstad. 
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Furthermore, wastewater in Curaçao as mentioned is made up of: “human waste, soaps, solvents, 

pharmaceuticals, other chemicals like fertilizers for private and public use, industrial wastewater including 

germs, pesticides and radioactive material” (CBM, 2019, n.p.). Such contaminated water can have tremendous 

harmful effects on aquatic and terrestrial environments (Dheri, Brar & Malhi, 2007). The possible pathways of 

wastewater and its relevant destinations for this research are visualised in a conceptual diagram in figure 3.  

 

 

Figure 3. Conceptual diagram of the several ways that wastewater can reach people and therefore public health. The concept “wastewater”  

represents both treated wastewater which is assumed to be in a poor state due to inadequate treatment and untreated wastewater. The 

dark grey concepts are destinations for wastewater and the coloured arrows are pathways. The green arrows represent the entrance of 

wastewater into the terrestrial environment through intentional use. Firstly, infiltration into constructed wetlands is a way of wastewater 

treatment and might affect groundwater. Second, wastewater is often disposed of in several inlets when wastewater quantities exceed the 

treatment system’s capacity. Third, wastewater leads into soils as it is used after treatment to irrigate golf courses, gardens and agricultural 

lands. The yellow arrows represent suspected seepage pathways resulting from inadequate wastewater collection, storage and tr eatment 

assets and from industrial, urban and agricultural runoff. The blue arrows represent the physical contact that people have with groundwater, 

inlet water and irrigation water by using it or because of their occupation. The orange arrows represent the exposure to area s around 

groundwater, inlets and irrigated soils through residence or proximity due to occupation. Lastly, consumption of wastewater irrigated crops 

is a pathway to people and public health, but was left out of consideration in this research.  

 

In this research, the term wastewater means treated wastewater which is assumed to be of poor water quality 

and untreated wastewater. The terrestrial environment is divided in three destinations: groundwater, inlets and 

soils. It can either seep into the terrestrial environment and partly through the terrestrial environment into the 

aquatic or marine environment, or it is intentionally disposed of into the terrestrial or aquatic and marine 
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environment (CBM, 2019). Here, the aquatic environment represents ground water and inlets on the island. As 

this research will solely focus on the situation on land, the consequences of wastewater disposal into the marine 

environment are left out of consideration. The further pathways and destinations of wastewater are described 

in the following paragraphs.  

2.2. SEEPAGE 

For both groundwater and inlets on Curaçao, the main consequence of wastewater contamination is that it leads 

to undesirable high nitrate concentrations and other nutrients (Sambeek, Eggenkamp & Vissers, 2000; Debrot, 

2003). This is the case for both wastewater treatment through e.g. infiltration techniques and for incidental 

seepage. Figure 4 is a simplified depiction of the process of infiltration techniques but can also be considered 

relevant in the process of seepage through soils in general because it has a comparable pathway. This is the last 

step of wastewater treatment at the wastewater treatment plant (WWTP) Klein Kwartier in Curaçao5. It also 

shows how contaminated groundwater eventually reaches other land water bodies too, described as recipient 

water bodies (Gao et al., 2018). Leaking sewage systems thereby carry the risk of contaminating soils with 

untreated wastewater and reaching shallow groundwater consequently (Roehrdanz et al., 2017). 

In parallel, the combined sewer system may contribute to wastewater seepage into terrestrial water bodies. This 

system is designed to relieve water collection pressure through overflow during periods in which wastewater 

quantities exceed the capacity of treatment and transport. Such periods mainly occur during heavy rainfall which 

adds to the volume of wastewater in the combined sewage pipes, carrying along untreated human and industrial 

waste to the overflows. Together, this system is called combined sewer overflows (CSOs) (EPA,2017). As the 

sewerage system assets in Curaçao are aged and partly deteriorating, it may be assumed that leakage and 

sewerage water exfiltration from CSOs takes place aside from the designated overflow points and thereby 

increases with rainfall.  

In addition, groundwater is widely used privately in Curaçao by households, the hospitality sector and the 

agricultural sector as many have their own wells. This firstly adds to the problem regarding groundwater quantity 

through a combination of uncontrolled pumping and low replenishment rates which also lead to the 

consideration that groundwater quality in Curaçao is low (SDG Roadmap Curaçao, 2018). Secondly, poor 

groundwater quality is problematic as many people depend on it. Today, there are 631 groundwater wells 

registered at the government, which can be consulted in figure 5. 

 

5 Public Works Curaçao 2021.  
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Figure 4. Simplified depiction of how nutrients find their way into groundwater and recipient water bodies by on-site infiltration 

techniques (Gao et al., 2018, p.1). 

 

 

Figure 5. Overview of 631 registered ground water wells at Public Works Curaçao as of 2021. 

 

 

 

 



13 

 

 

Therefore, as an attempt to gain insights about this, SDG indicator 6.3.2. was implemented. According to the UN 

SDGs Metadata 6.3.1. (2020) this indicator is described as follows: 

“The main sources of wastewater include wastewater from households, services and industries, i.e. point 

sources of one or more pollutant(s) that can be geographically located and represented as a point on a map. 

Diffuse pollution from non-point sources such as runoff from urban and agricultural land can contribute quite 

significantly to wastewater flows, and therefore its progressive inclusion in the global monitoring framework will 

be important. Presently, it cannot be monitored at source and its impact on ambient water quality will be 

monitored under indicator 6.3.2 “Proportion of bodies of water with good ambient water quality”.”(p.2).   

 

For this case study, seeping wastewater as runoff from urban and agricultural lands, and leaking wastewater 

from wastewater collection and treatment assets, are conceptualised as the “diffuse pollution from non-point 

sources” and groundwater quality as “ambient water quality”. Enabled by the availability of groundwater quality 

data in Curaçao, the electrical conductivity (EC) of water samples throughout the island and precipitation are 

selected as variables that might indicate possible seepage areas. In the broader context of SDG research and 

implementation, low income nations such as SIDS face the greatest challenges regarding data availability 

(Chaturvedi et al., 2021). Besides, international standards of the Food and Agriculture Organisation (FAO) for 

groundwater quality of suitability for irrigation are measured in electrical conductivity (table 2). This makes it 

possible to extend the interpretation of electrical conductivity data for Curaçao.   

 

2.3. ELECTRICAL CONDUCTIVITY 

Electrical conductivity is a measurement of water’s capacity to transport electricity which is expressed in 

millimhos per centimetre (mmhos/cm) and is commonly calculated from water samples at a temperature of 25 

degrees Celsius. The parameter is widely used in water quality research as it can indicate levels of organic and 

inorganic elements in water which can indicate pollution (HWT, n.d.). This parameter is measured in inorganic 

or chemical compounds. Compounds such as chloride, nitrate, sulphate, phosphate, sodium, magnesium, 

calcium, iron and aluminium in water  will result in high EC levels whereas organic substances such as sugar, 

phenol, alcohol and oil will display in low EC levels (EPA, 2012; Hamid, Zeb, Mehmood, Akhtar & Saif, 2013). 

Particularly high EC due to high salt concentrations in terrestrial water bodies is most revealing for saltwater 

intrusion but can also demonstrate contamination by sewage water. Domestic wastewater for instance contains 

chemicals that stem from cleaning and washing products and industrial wastewater is characterized by high 

values of similar chemicals too (HWT, n.d.). Furthermore, Gunaalan et al. (2018) state that EC of water bodies 

can rise with high precipitation either by being near to saltwater sources such as inlets or proximity to sewage 

leakage. Along this line, the presence of chloride, phosphate and nitrate are indicators for a failing sewage 
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system by resulting in high EC levels (EPA, 2012). Finally, Sousa, Mozeto, Carneiro and Fadini (2014) argue that 

EC is a well-suited marker of pollution by wastewater. They state that electrical conductivity can put forward 

important information such as pollution levels rather than exact pollution sources. This means that evaluating 

EC levels can be meaningful as a first step of investigating groundwater pollution by wastewater seepage 

influenced by precipitation. Nevertheless, it can put forward whether the pollution source is most probably from 

anthropogenic sources (Sousa et al., 2014). Finally, As groundwater is mainly used for irrigation purposes, table 

2 serves as criteria to interpret the electrical conductivity levels data.  

  

 

Table 2. International criteria for the suitability of groundwater for irrigation by electrical conductivity (Ayers & Westcot (1985); MRCCC 

(n.d.); Wellcare (n.d.).  

Electrical Conductivity (mmhos/cm) Classification for irrigation Explanation 

<0.7 No restrictions for use Good for irrigation 

0.7 – 3.0 Slight to moderate restrictions 

for use 

Requires extra regulations for 

use such as specific soils, 

attention to proper drainage 

and suitable crops or other 

vegetation such as gardens and 

lawns. 

3.0 – 6.0 Severe restrictions for use Only suitable for irrigation on 

particularly salt tolerant crops 

or other vegetation for gardens 

and lawns by affecting plant 

growth. 

6.0> Not usable  Not suitable for irrigation 

 

 

2.4. PUBLIC HEALTH RISKS 

As to the terrestrial environment in particular, aside from seepage, treated wastewater is also used to irrigate 

public and private greens such as (hotel) gardens, a golf course and small-scale agricultural lands. According to 
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Drechsel et al. (2014), the contamination of the terrestrial environment with wastewater in (very) poor state 

carries three risks: occupational risks that are related to people having to work with and around it, consumption 

related risks, and environmental risks more generally related to water recreation and living around 

contaminated areas (Drechsel et al., 2014; CBM, 2019). Figure 6 is an overview as described by Drechsel et al. 

(2014) and is meant to understand how wastewater release into the environment can be connected to public 

health. Furthermore, it is an overview of waterborne diseases to search for in Curaçao. Water recreation and 

exposure to areas that are subjected to the wastewater are considered similar risks as areas around groundwater 

sources and inlets and are therefore in Figure 3 depicted as indirect risk areas to public health. These activities 

are also prone to wastewater aerosols formation which can carry the pathogens from wastewater to people 

(Bogler et al., 2020). 

 

Figure 6. Main human health risks from wastewater irrigation (Drechsel et al., 2014, p. 106).  

 

In line with figure 6, wastewater related health risks were identified and summarized according to corresponding 

symptoms which can be found in Appendix B. These were categorised according to pathogen types: five types 

of helminths, six types of bacteria, four types of viruses, three types of protozoa, and aerosolized pathogens 

symptoms specifically. The symptoms overall include cough, shortness of breath, wheezing, sore throat, stomach 
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cramps or pain, nausea, vomiting, diarrhoea, constipation, itchiness and other skin irritations, fever, fatigue, 

headaches and dehydration (Appendix B).  

 

3. METHODOLOGY 

 

This research was set up in collaboration with the Curaçao government’s Ministry of Health, Nature and 

Environment (GMN, Dutch acronym) who were contacted via email in January 2021. The contact person for the 

total endurance of this research was Mr. Faisal Dilrosun (Head of the department of Agriculture, Fisheries and 

Cattle Breeding, Dutch acronym LVV). In the preliminary research phase, the question was raised of the most 

striking environmental concerns that needed scrutiny which would fit in the framework of the research’s 

discipline. Consequently, the following knowledge gap was identified:  

The Curaçao government states that they need support with overviewing the total system to identify exact 

problems and their solutions. The lack of an overview is therefore among other reasons, a cause for poor 

regulation and therefore for the wastewater problem as described. This can firstly be an increasing factor for 

public health risks, which are unknown and never examined before. Secondly, it is suspected but not known 

where the wastewater network has failures physically, making it difficult to manage seepage and leakage points. 

Identifying whether wastewater related diseases occur and where, will provide support with taking more 

focused measurements and research. In parallel, the same accounts for groundwater pollution. 

Therefore, the nature of this study is exploratory at identifying regulatory aspects in the wastewater treatment 

network that affect its functioning, the possible public health risks that might result from its dysfunction and at 

demonstrating possible wastewater leakage by examining groundwater quality. In addition, the several 

components of the knowledge gap will be scrutinized with both qualitative and quantitative research methods 

and are visualised in maps in ArcGIS Online. The GMN Ministry facilitated and supported all data gathering 

related materials and contacts relevant to the research. In addition, a workplace and transportation to support 

the research were provided by this agency.   

 

3.1. DATA COLLECTION AND ANALYSIS 

This exploratory research was organized by  3 research questions. To answer them, field work in Curaçao was 

included which lasted from April 2021 to August 2021. Three research methods were applied: participant 

observation in a government agency, surveys and secondary quantitative data analysis.  
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3.1.1. PARTICIPANT OBSERVATION IN A GOVERNMENT AGENCY  

 

For research question 1: “What is the current situation of wastewater treatment monitoring in Curaçao?”, the 

method for data collection was participant observation in a government agency as I actively took part in the 

managerial and professional context under scrutiny as a research intern (Ross & Ross, 1974). This is relevant as 

the system of wastewater management is complex and diffused throughout four governmental branches. That 

is, the subject of this research covered two ministerial areas being the Ministry of Health, Environment and 

Nature (Dutch acronym GMN) and the Ministry of Traffic, Transportation and Urban Planning (Dutch acronym 

VVRP), and two executive governmental organisations which are the Agriculture, Fisheries and Cattle Breeding 

(Dutch acronym LVV) department of the GMN Ministry and the Public Works (Dutch acronym DOW) department 

of VVRP. Firstly, LVV is responsible for a great part of groundwater distribution and any water use in agricultural 

activities, whereas GMN provided the support for the public health and environmental impacts section of this 

research. Secondly, VVRP and DOW are both responsible for wastewater management and the treatment 

facilities, the wastewater treatment network in general and the distribution and use of treated wastewater. 

Furthermore, less prominent but still relevant actors that provided information were the Analytical Diagnostic 

Centre (ADC), the Public Health Institute Curaçao (Dutch acronym VIC), farmers and individual users of treated 

wastewater involved in work visits organized from LVV. Together, the cooperation with these institutions and 

individuals by attending and participating in meetings and other activities have enabled the data gathering which 

was kept up with in a logbook.  

 

3.1.2. SURVEY 

 

Exploring the presence of wastewater related public health risks is the first method to identify terrestrial 

consequences of poor wastewater management in Curaçao. It was set up through qualitative data gathering 

with surveys and an answer to the following question was sought: 

RQ 2:  Are there any commonly occurring wastewater related diseases in Curaçao and if so where do they occur?  

 

STUDY GROUPS 

I applied the survey method with the purposive sampling strategy to gather primary qualitative empirical data 

of the wastewater destinations as can be consulted in table 3 and figure 7. This sampling strategy implied that 

the study group was selected upon a priori determined criteria while the sample size depended on how the 

process of data gathering took shape (Mack, 2005). However, I was able to identify these groups through the 

information that I gathered during participant observation. In this regard, snowball sampling during the first 

method enabled me to discover the several destinations that treated wastewater reaches. Additionally, I 

selected the sewerage parts and combined sewerage overflow areas from figure 2 as potential risk areas. 
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Together, this resulted in seven specific target sample study groups defined by their proximities to possible 

wastewater contaminated areas, upon their occupations or because of their registration at LVV and DOW as 

treated wastewater users. A total of 25 respondents participated until a point of saturation was reached when 

informants were delivering the same responses. 

 

Table 3. Overview of specific target sample groups for survey distribution. the first column represents the main three water groups and 

the specific target samples are based on the relationship with the water type. 

Target sample based on their 
proximity to specific Water group 

First specific target 
sample sub group 

Second specific target 
sample sub group 

Third specific target 
sample sub group 

A: WWTP Klein Hofje A1:  
People working at Klein 
Hofje (handlers of 
wastewater, guards, 
laboratory employees, 
and management) 

A2:  
Regular customers of 
treated wastewater 
from Klein Hofje  

A3:  
Commercial farmers6 

B: WWTP Klein Kwartier B1:  
Regular customers of 
treated wastewater from 
Klein Kwartier 

B2:  
Distributors of this 
water at LVV 

  

C: Terrestrial Water Bodies: 

Inlets with sewage overflow 
discharge 

C1:  
Residents around inlets 
with sewage overflow 
discharge  

  

 

 

 

6 Soltuna: a company allied to the government that produces vegetables and fruits to sell to all large national 
supermarket chains. 
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Figure 7. Wastewater “intended” pathways in green with Target sample survey groups accordingly in red. After reaching these groups via 

inlets or soils, wastewater consequences proceed via the blue and orange arrows, depending on the characteristics of the target specific 

sub groups in A, B and C.  

 

 

SURVEY SET UP AND DISTRIBUTION 

The survey questionnaire, in Dutch, was generated in the ArcGIS tool Survey123 which allows the connection of 

the location of the participants and enables the translation of the data into map layers. The questions and the 

results of the survey can be found in Appendix C. It was designed in Survey123 Connect, distributed via the 

Survey123 Field App and analysed in the Survey123 web app.  

It starts with a question to verify the informed consent and the option to match respondents with one of the 7 

groups. As Survey123 enables setting rules for certain questions, some groups have customized questions upon 

the nature of their responses which reveal their involvement (or not) with the water destination. In this regard, 

A, B and C have sub-groups, which represent the type of involvement with the water. Furthermore, all groups 

have the same questions about wastewater related medical conditions and the frequency in which they are 

experienced, rated on a five point Likert scale of ‘never’, ‘rarely’, ‘sometimes’, ‘often’ and ‘very often’. The study 

design was partly based on Vantarakis et al. (2016) who did a similar research measuring health risks, only 

focussing on the relationship with the proximity to a wastewater treatment plant. Furthermore, as mentioned 

in chapter 2 of this thesis, the content of the survey was based on desk research about wastewater related 
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diseases and symptoms which can be found in Appendix B. Moreover, the survey closed with an open question 

to collect experiences with or thoughts about wastewater use and regulation. These answers are added with 

Appendix D.  

For data collection, A1, A3, B2 and C1 were met in person with the guidance of an assigned field work supporter 

from LVV for legitimacy, transportation and translations where needed. The survey was brought along on a 

tablet with the possibility to have the participant fill out the questionnaire, to do so together or by having them 

to scan the survey QR code, which the Survey123 Field App provides, to complete the survey on their own device. 

A2 and B1 were contacted on the phone and the questionnaire was completed by reading it aloud. This method 

was preferred as for these groups, the location and contact details were registered at the water distribution 

source and saved traveling time. Due to this approach in person, extra information was collected via dialogues 

and declarations of some responses were kept up with in a log book and were conjoined with the results of the 

survey.  

DATA ANALYSIS 

The Survey123 tool in ArcGIS enables a compilation of reactions in percentages per given answer. More thorough 

analysis was cancelled due to the saturation of responses.  

 

3.1.3. GROUNDWATER QUALITY ANALYSIS 

 

The second method of trying to identify terrestrial consequences of poor wastewater management in Curaçao 

is to explore possible wastewater seepage by evaluating groundwater quality with electrical conductivity and 

annual precipitation. Subsequently, insights can be gained about the current suitability of groundwater for 

irrigation. With longitudinal data of the electrical conductivity of 42 groundwater wells and precipitation in Excel, 

I answered the following question that I divided into two parts: 

RQ3: How can electrical conductivity and precipitation provide insights into (1) possible wastewater seepage 

into groundwater and (2) its suitability for irrigation? 
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Figure 8. Wastewater “seepage” pathways in yellow. rQ3 in yellow is research question 3 which implements sdg indicator 6.3.2. 

Wastewater represents “diffuse pollution from non-point sources” and groundwater represents “ambient water quality”. scrutinizing 

ambient water quality can provide insight into seepage from diffuse non-point pollution sources. 

 

 

RQ3.1.: HOW CAN ELECTRICAL CONDUCTIVITY AND PRECIPITATION PROVIDE INSIGHTS INTO  

POSSIBLE WASTEWATER SEEPAGE INTO GROUNDWATER? 

I executed this method with two variables from secondary data sources, with precipitation as the independent 

variable and electrical conductivity as the depended variable, to implement SDG Indicator 6.3.2.: “Proportion of 

bodies of water with good ambient water quality” with the following conceptualisation as the fundament:  

Wastewater seepage as “diffuse pollution from non-point sources” is assumed to be reinforced with 

precipitation which manifests in high electrical conductivity levels in groundwater, representing “ambient water 

quality”. This way, groundwater wells with poor quality can become subjects for further analysis to trace non-

point pollution sources with more direction. 

Thus, to explore whether electrical conductivity levels rise with more precipitation, I took the following steps.  
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Datasets containing electrical conductivity (EC) levels of 311 groundwater wells spread over the island through 

a time period of 1977-2007 were obtained from LVV in individual Excel files. At the same time, precipitation data 

for Curaçao was available until 2021 from a combination of the online database of the Worldbank until the year 

2016 (World Bank Group, 2021),  and the Curaçao national meteorological website Meteo.cw for the years 2017-

2021 (Meteo.cw, 2021).  The availability of up to date precipitation data made it possible to simulate EC levels 

per year from 2007 to 2021 with the “Forecast” function in Excel. The forecast or extrapolation function “uses 

the least squares method to find the line of best fit and then uses it to calculate new [EC] values for the provided 

new [precipitation] values”(CFI, n.d., para. 2).  

 

In the datasets from LVV, EC was measured in millimhos/centimetre (mmhos/cm) between 5 to 12 times per 

year per well, the locations of the water wells were registered by code names and addresses and no water 

sample temperature was registered. In these datasets there was inconsistency in the frequency of 

measurements which resulted in many missing EC values for several years. Therefore, to use these datasets I 

scammed through all of them in search of the most complete and usable files. This resulted in data from 43 

water wells of which EC measurements were executed most consistently after 1998 and several times a year, 

which is why annual averages for EC were used for analysis from 1999 to 2007. For these years, precipitation 

data was also taken as national annual averages for consistency. Thus, firstly I took the timeframe of 1999-2007 

to plot precipitation versus EC levels to test for a linear trend correlation represented by R2. Here I choose R2 

values of 0.5> as high correlation where the closer R2 is to 1, the stronger the linear relationship is, thus the 

more likely it is that the well is being contaminated by wastewater through seepage or runoff.  

To reach high correlation over time per groundwater well, I only considered the annual average values of EC that 

showed the highest correlations with precipitation for further analysis. As the locations of the wells were stored 

by address, I manually defined them with Google Maps to identify their coordinates and to import them in ArcGIS 

in a CSV file. Secondly, to draw conclusions on current affairs, I only progressed with the proportion of the 43 

wells that resulted in high R2 values to extrapolate with precipitation from 2007 to 2021.  

 In addition, I visualised the wells with highest possibility of wastewater intrusion due to high EC values 

in 2021 by adding them to the map with  wastewater treatment components from figure 3. This way, extra 

context was provided for further research about possible contamination sources.  
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RQ3.2.: HOW CAN ELECTRICAL CONDUCTIVITY AND PRECIPITATION PROVIDE INSIGHTS INTO 

GROUNDWATER SUITABILITY FOR IRRIGATION?  

Due to the increasing importance of groundwater for irrigation throughout Curaçao and the limited availability 

of water quality data, the forecast analysis provided insights into likely groundwater quality values by EC in 2021. 

The extrapolated EC values per well in 2021 were compared to international standards for water quality for 

irrigation from table 2. Accordingly, the suitability for irrigation was interpreted per well. In addition, I also placed 

these in the map with currently registered ground water wells from figure 5 for further insights about the water 

quality of surrounding wells.   

 

 

4. RESULTS 

4.1. CURRENT SITUATION OF WASTEWATER MONITORING  

 

As a participant observer, being an active intern in the government, I was able to answer the first research 

question. By asking questions among staff, organising work visits, joining meetings between departments and 

ministries, and reaching out to several parties to access government documents and raw data, I was able to find 

three themes. Based on this information I found the following results. 

The monitoring of the wastewater treatment system involves three main categories. The first is the management 

of the physical assets of the treatment network, such as the facilities and all materials involved for collection, 

treatment and post treatment water distribution. Second, the monitoring of quantities and the quality of 

wastewater both pre and post treatment. Third, processing such information in terms of storing, analysing and 

communicating about them for maintenance. Shortcomings in all three as will be described further in this 

chapter, are leading to a shortage of water for non-potable water uses on national level. This is a negative 

consequence for people’s gardens, agriculture for private and commercial ends for both edible and non-edible 

crops, and other commercial sectors that require water for irrigation such as hotels and golf courses. In turn, 

these actors are forced to seek solutions for their water demand by themselves. This leads to one or a 

combination of the following self-imposed solutions: the drilling of groundwater wells which contributes to the 

depletion of terrestrial water sources, to autonomously collecting rainwater, or to use potable water which is 

energy intensive and very costly. Thus, more water is depleted from terrestrial sources while it is not being 

restored as most wastewater is released into the marine environment after use. Lastly, non-potable water use 

and therefore the amount of wastewater production resulting from this, becomes even more difficult to 

monitor.  
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Shortcoming in ‘physical assets of the wastewater system’ 

The current situation of monitoring of the physical assets of the wastewater system is that an overview is lacking, 

that there is no consistency in the monitoring activities and tools, and that most assets are in a deteriorating 

state. This is mainly caused by a lack of enough employees and finances.  

The only wastewater plants (WWTP) that were mentioned throughout my internship were Klein Kwartier and 

Klein Hofje. The other two were told to be neglectable while their state or use would not be elaborated on. 

These WWTPs were in full use and no malfunctions were mentioned. As to the sewerage system leading to and 

from the plants, and in and around urban neighbourhoods, there were either analogues drawings or GIS maps. 

It seemed to be common knowledge that the greater part of the network of pipes and tanks are old and 

deteriorating although the details of which parts and their locations were unacquainted. In addition, I was told 

that there is no compilation of these analogues maps and other managerial documents but that they are 

scattered through departments, unclear which ones. Instead, VVRP and DOW are focussing more on renewing 

parts of the sewerage system entirely and alongside storing this system in GIS. The sewerage system is being 

renewed and there is a plan of doing so for the whole island, but this is a very slow process. At the same time, 

little attention is paid on the old sewerages until they are renewed, while they do remain in use. Furthermore, 

employees of DOW including the WWTP manager and the GIS specialist raised the cruciality of gathering and 

digitising all information of the physical components of the wastewater treatment and collection system but 

stated this to be impossible with business as usual. The main reason for this was the lack of enough finances and 

employees.  

 

Shortcomings in ‘wastewater quantity and quality’ 

The current situation of the monitoring of wastewater quantity, that is, the amount of wastewater produced 

and the proportion of it being treated, is that its total amount is unknown. As to the quality, there is 

inconsistency in the monitoring of water samples per location and regularity, and a lack of tools for proper 

measurements. The distribution of actions is as follows. WWTP Klein Kwartier is mainly the responsibility of LVV, 

whereas WWTP Klein Hofje is the responsibility of DOW, but the physical assets of both are managed by DOW. 

Furthermore, the collection of wastewater is fragmented throughout the island as most is collected for disposal 

into the sea. Together, this fragmented character of the system makes it challenging to keep up with quantities 

of wastewater and its treatment. This is one of the parts to the lack of overview of the phenomenon.  
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 Moreover, according to the head of DOW and the laboratory technician, the proceedings at the facilities 

are well functioning and meet the required ends, except for capacity. They state that the WWTPs do not have 

enough capacity for the wastewater supply. As to the water quality, it is always tested after treatment, often 

resulting in not meeting safety levels for which the only current solution is halting its distribution. Besides, the 

laboratory equipment at the WWTPs are severely outdated and test for limited parameters. Furthermore, ADC, 

the private analytic diagnostic centre that tests water quality for the government on demand,  has data of 

groundwater samples but is costly. The tests consider toxins, pathogens and some heavy metals. It is unclear if 

and how this information is treated by the government and how frequently these tests are performed.   

 

Shortcomings in ‘procedural activities’  

The current situation of the procedural aspects of wastewater treatment monitoring is that it faces challenges 

regarding a lack of consistency and clarity in the storage and collection of data and communication between the 

involved actors thereof. As mentioned above, there are several platforms and formats in which data is stored 

such as digitally or analogous. At ADC water sample results were individually stored as pdf files, digitally 

scattered throughout departments and files with no consistency or overview. Furthermore, because ADC is a 

private company, the data were not eligible for analysis as they all required permission per document, per 

applicant which is hardly ever granted and it concerns hundreds of test results per year. As to communication, 

LVV was not able to arrange a meeting with DOW throughout the entire period of this research and a work visit 

to the WWTPs from LVV were inhibited by DOW accordingly. Furthermore, permission was denied by VVRP to 

access water quality data from ADC while the laboratory technician at Klein Hofje and a general employee at 

Klein Kwartier were not allowed to talk about their work. The inconsistency of communication is also related to 

informing the receivers of treated wastewater who depend on this supply. Receivers hardly know when they will 

have access to treated wastewater and in which quantity. Overall, the general statement was that here too, a 

lack of financial means and employees were the most prominent issues in wastewater treatment monitoring. 

Nevertheless, it was repeatedly mentioned that despite the fact that there is a shortage of investment in 

employees and the development of the system, this was not due to the unavailability of financial means. On the 

contrary, an overarching idea about these challenges was that the government does indeed have financial means 

but chooses to not spend it on the necessary utilities. Thereby, the former VVRP ministry, which redeemed in 

March, officially stated investing in wastewater management as no priority. 

 

4.2. WASTEWATER RELATED HEALTH RISKS 

With the survey method, the answer to RQ2: “Are there any commonly occurring wastewater related diseases 

in Curaçao and if so where do they occur?” was found.  
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There are no wastewater related diseases found in Curaçao with the applied method. Of the statements in the 

questionnaire that were set up on a five point Likert scale of ‘never’, ‘rarely’, ‘sometimes’, ‘often’ and ‘very 

often’,  almost every answer was ‘never’. Some symptoms did seem to occur more often but as I was present 

while the questionnaires were being filled out, I was able to directly receive additional information from the 

participants about the contextual declarations for these answers. These declarations clarified no relation to 

wastewater related activities as stated in this research framework. Furthermore, at least a combination of 

several symptoms would make it relevant to suspect possible wastewater related diseases as collected in 

Appendix B, which was not the case per individual participant. The individual cases only resulted in one or two 

symptoms in a low frequency. Therefore, collecting responses of 25 participants in which all sub groups were 

represented made it adequate to halt this research method.  

 

Table 4 is a summary of the symptoms, their occurrences among the respondents and some additional 

statements that were collected about the symptoms in person during data collection. Figure 9 is a map that 

shows the respondents locations from ArcGIS Online and a collection of all responses per question are presented 

in Appendix C, as extracted from the Survey123 web app. 

 

Table 4. Summary of survey results on the occurrence of wastewater related disease symptoms, Of 25 participants with additional 

declarations made verbally during data gathering. Presented in percentage of given answer. 

 Likert-scale answer in %  

Symptom Never Rarely  Sometimes Often Very 
often 

Verbal declarations during 
distribution 

Cough 56 24 20 0 0  

Shortness of breath 92 4 0 *4 0 *COPD sufferer 

Wheezing 96 0 4 0 0  

Sore throat 76 16 8 0 0  

Stomach aches or cramps 68 16 16 0 0  

Nausea 84 8 8 0 0  

Vomiting 96 4 0 0 0  

Diarrhoea  76 24 0 0 0 “Sometimes after wrong 
food” 
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“Sometimes after spicy 
food” 

Bloody/mucus stool 100 0 0 0 0  

Sudden weight loss 100 0 0 0 0  

Sudden changes in appetite 88 0 12 0 0  

Constipation 84 8 4 4 0  

Itchy skin 60 16 24 0 0 “When not wearing gloves 
during work with 
pesticides” 
“Ants can be irritating when 
working in the field” 
 

Skin rash or redness 96 4 0 0 0  

Swelling of skin 100 0 0 0 0  

Other skin irritations 88 8 4 0 0  

Yellowing of skin or eyes 100 0 0 0 0  

Fever 72 24 4 0 0 “When I have the flu” 

Fatigue 72 16 12 0 0 “After work I get tired” 
“I do not sleep well” 

Feeling of weakness 96 0 4 0 0  

Dizziness 76 8 16 0 0 “When working in the sun 
all day” 

Head ache 60 20 12 4 4  

More than usual thirst and 
dryness of lips and/or eyes 

88 4 8 0 0 “When working in the sun 
all day” 

Malaise 80 12 4 4 0  

Eye infection 96 4 0 0 0  
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Figure 9. representation of specific target sample groups participants.   

 

 

4.3. GROUNDWATER QUALITY  

With the correlation and forecast functions of excel I answered the third research question in three steps. I took 

the first and second steps according to the two parts of the question and the third for a concluding result 

combining both.  

 

1. Insights about possible wastewater seepage into groundwater 

Firstly, EC and precipitation can provide insights about possible wastewater seepage into groundwater by 

indicating which wells have the likelihood of having been and are being contaminated. First, from 43 water wells, 

22 wells had a 0.5> R2 value for annual average EC and annual average precipitation values for 1999-2007. These 

are summarized in figure 10 and table 5. Until 2007 it is likely that wastewater flows were being reinforced by 

precipitation into these 22 wells. In figure 11, the darkest squares represent the highest correlations and 
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therefore might be the groundwater wells and areas where seepage occurs even more likely with R2>0.7. These 

are wells 1, 2, 3, 5, 6, 7, 9, 12, 14 and 22.  

 

 

Figure 10. Representation of the locations of the 22 ground water wells with highest correlations between electrical conductivty and 

precipitation between 1999 and 2007.  
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Table 5. Summary of results of linear correlation, extrapolation and suitability for irrigation comparison per well. 

Name 
groundwater 
well 

Linear correlation between 
annual average precipitation 
and EC 1999-2007 (R2) 

EC (mmhos/cm) for 2021 Suitability for irrigation 

1 0.751 4.7 Severe restrictions for use 

2 0.774 2.4 Slight to moderate restrictions for use 

3 0.804 1.9 Slight to moderate restrictions for use 

4 0.657 1.3 Slight to moderate restrictions for use 

5 0.751 1.3 Slight to moderate restrictions for use 

6 0.782 2.5 Slight to moderate restrictions for use 

7 0.958 1.5 Slight to moderate restrictions for use 

8 0.601 5.2 Severe restrictions for use 

9 0.982 2.2 Slight to moderate restrictions for use 

10 0.621 7.1 Not usable 

11 0.608 1.9 Slight to moderate restrictions for use 

12 0.867 1.6 Slight to moderate restrictions for use 

13 0.506 1.1 Slight to moderate restrictions for use 

14 0.826 2.0 Slight to moderate restrictions for use 

15 0.665 1.2 Slight to moderate restrictions for use 

16 0.607 4.1 Severe restrictions for use 

17 0.545 3.1 Severe restrictions for use 

18 0.589 2.6 Slight to moderate restrictions for use 

19 0.660 2.9 Slight to moderate restrictions for use 

20 0.554 2.0 Slight to moderate restrictions for use 
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2. Insights into groundwater suitability for irrigation 

The values for EC for 2021 that were obtained by extrapolating are also summarized in table 5. According to the 

international standards of EC levels for irrigation as presented in table 2, well numbers 1, 8, 10, 16, 17, 21 and 

22 are not entirely or not at all suitable for irrigation and have low water quality.  

 

 

 

21 0.501 3.3 Severe restrictions for use 

22 0.889 3.0 Severe restrictions for use 

Figure 11. . Representation of correlations between electrical conductivity and precipitation from 1999-2007 with emphasis on values from low to high for location 

specific context. 
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Conclusion 

Well numbers 1, 2, 3, 5, 6, 7, 9, 12, 14 and 22 are most likely subjected to wastewater intrusion by non-point 

sources while well numbers 1, 8, 10, 16, 17, 21 and 22 have the lowest ground water quality in 2021. Therefore, 

primarily well numbers 1 and 22 are most likely to be contaminated by wastewater seepage with precipitation. 

These are the wells that have highest correlation and worst water quality. Thus, non-point pollution sources of 

wastewater could be traced by measuring ambient water quality, starting with groundwater around well 

numbers 1 and 22 .  

 

 

Figure 12. Well number 1 and 22 with electrical conductivity values of 4.7 and 3 respectively and high linear correlation between electrical 

conductivity and precipitation from 1999-2007. Highest likelihood of being contaminated by wastewater reinforced by rainfall.   

 

Nevertheless, more generally, the wells with lowest water quality are visible in figure 12 among groundwater 

wells that are registered today of which EC levels are unknown. Ambient water quality can thus be measured 

with more direction with groundwater wells from figure 5 surrounding the research subject wells. In addition, 

figure 13 combines the digitally available sewerage system and the research subject wells by their EC levels from 

high to low for more directed research. 



33 

 

 

 

Figure 13. Representation of the available ground water wells locations in 2021 and groundwater wells with low water quality according 

to suitability for irrigation. the latter are extrapolated thus their location in relation to ground water wells that are actually in use today 

may provide insights about current water use for irrigation and wastewater contamination.  
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Figure 14. All components of the wastewater treatment system as available digitally, considered high risk areas for wastewater leakage 

sources and electrical conductivity levels as of 2021 from high to low.  
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5. DISCUSSION 

The principal goal of this study was to explore ways of investigating consequences on land of poor wastewater 

management in Curaçao. It did so by dividing this goal into three research questions and appurtenant methods, 

which will be discussed critically in this chapter.  

5.1. CURRENT SITUATION OF WASTEWATER MONITORING 

To initiate this research with more detail, the first research question was set up to provide state of the art context 

of the current affairs of wastewater monitoring. By having participated in the managerial network of Curaçao 

that deals with wastewater monitoring, this goal was achieved as follows. There is a predominant awareness of 

the failures in the system while the trust in its renovation and development is absent. This is the case for 

government workers in the executive organs of the government that I have encountered as well as for the 

individual consumers of treated wastewater. Next, the governmental agencies that participated are all 

understaffed and lack sufficient financial support while higher up in the hierarchy eventual problems in the 

monitoring system in the three levels as described, seem to be denied. It is still unclear which wastewater 

treatment plants are in use today as no concrete overview of responsibilities and actions was obtained. 

Thorough research by Adshead (2018) stated that there are four facilities, while preliminary contact with LVV 

argued three and during the fieldwork only two were mentioned. Therefore, it is alluring to find disclosures to 

these discrepancies.  

Thus, the lack of an overview of the wastewater treatment system is indeed a part of the problem. This 

is accompanied by lacking monitoring of quantities and the quality of wastewater. Wastewater quality 

monitoring is based on an outdated system with no intentions of renewing while the business as usual for excess 

wastewater disposal seems to be perceived as acceptable. While Curaçao as a Small Island Developing State 

(SIDS) should be particularly cautious to building adaptation and mitigation measures to a changing environment 

(Mycoo, 2018; Déri, 2013), these findings seem alarming. Curaçao is vulnerable to environmental degradation 

which can only accumulate more with bad management of natural resources such as water (“National Report 

Sustainable Development Curaçao”, 2014). Furthermore, the overall impression at the wastewater treatment 

plants was that the wastewater is treated in a good way but that the only problem is capacity. In relation to 

Adshead et al. (2018) and CBM (2019) here too is a discrepancy in that treated wastewater quality does not 

meet safe standards. There could be two explanations for these differences.  

First, the applied method is a limitation as I was not always taken seriously. Despite being an employee, 

hierarchical and cultural differences often played a negative role in gathering information. At the same time, the 

topic of wastewater management was more sensitive than anticipated, of which the sense accumulated 

throughout the research period. Second, the poor state of wastewater management was considered common 

knowledge among government staff, including that financial means are available but not spent due to prioritising 

of the issue. Therefore, wastewater production and treatment should be taken more seriously on the ministerial 

level to take effective steps towards building resilience with natural resources. This would involve government 
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workers higher up in the hierarchy and more willingness from them to participate. It is probable that the 

government is aware of the problem’s severity but that priorities lay different.  Besides, as the storage of 

information and data is diffuse and inconsistent, it is difficult to communicate them in a suiting way and 

direction. In turn this might reinforce the problem.  

5.2. WASTEWATER RELATED HEALTH RISKS 

Second, the occurrence of possible health risks was explored as a way of identifying consequences of poor 

wastewater management on land. The goal was to address public health matters by connecting them to 

wastewater sources to initiate and motivate governance measures to improve wastewater management. With 

the applied method, there were no health risks found by vector borne diseases transmitted through water, soils 

and air to people living or working near or with wastewater (Drechsel et al., 2014; CBM, 2019). The consumption 

of wastewater irrigated crops was left out of the scope of this research due to complexity and time restrictions 

but should be included in further research. Besides, research on consumption related diseases might work best 

in rural areas as national produce in Curaçao is mainly distributed via commercial super market chains as the 

urban population makes up for 75% of the total population (Table 1). While a saturation point was reached after 

25 participants, this group is still too small compared to the total population of Curaçao. Several limitations led 

to the necessity of halting this section.  

Firstly, research of this scale definitely requires more time or a demarcated area such as  Vantarakis et 

al. (2016) who did a similar research measuring health risks, only focussing on areas around wastewater 

treatment plants. In this regards, the purposive sampling strategy enabled more direction with the survey 

distribution but another distribution could have contributed to the spatial analysis with more factors.  

Second, more cooperation should have been established a priori with the medical discipline. While 

interaction with the public health institute (VIC) and a general practitioner preceded the development of the 

survey for general tips during method 1 of this research, close cooperation is recommended for further research. 

A lack of foreknowledge and better understanding of disease transmission and development in individuals over 

time was a restricting factor in this method. In this regard, the Likert scale of frequency appeared to be too 

general. Besides, not all participants spoke Dutch. For the field work participants the field work supporter 

provided translation whereas the participants that did not speak Dutch that were approached on the phone 

were excluded. Furthermore, information might have been lost due to the one-on-one method as medical 

conditions could be considered personal and therefore difficult to discuss with strangers such as myself and the 

field work supporter. In addition, as the research proceeded during the fieldwork period from April 2021 

onwards,  government workers were denied partaking in the survey by DOW and GMN. This too was an inhibiting 

factor for the survey distribution. Thus, both the scientific and social relevance of this part are still legitimate as 

this research was the first of its kind for Curaçao. Therefore, to draw actual conclusions about the occurrence of 

public health risks in this regard, more comparison material needs to be developed through scientific research.  
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5.3. GROUNDWATER QUALITY 

Third, electrical conductivity and precipitation can be parameters to interpret and estimate groundwater quality 

and the likelihood of wastewater contamination by seepage. That is, when combined with more detailed 

research to confirm whether the estimation is correct. Thus, the research question was answered, but not 

entirely complete. While this method did enable the locating two potential priority points of groundwater 

pollution with wastewater, the legitimacy of this method still needs to be confirmed with further research that 

focusses on compounds such as chloride, nitrate, sulphate, phosphate, sodium, magnesium, calcium, iron and 

aluminium (EPA, 2012; Hamid, Zeb, Mehmood, Akhtar & Saif, 2013). Here, the presence of chloride, phosphate 

and nitrate in particular are indicators for a failing sewage system (EPA, 2012). Furthermore, electrical 

conductivity is an indicator for pollution levels rather than sources (Sousa et al., 2014). Still, the small size of the 

island and the high risk areas that are established a priori (Figure 2 and Figure 14) can be insightful to trace 

locations according to pollution levels. Furthermore, electrical conductivity of water bodies can rise with high 

precipitation by being near to saltwater sources such as inlets or proximity to sewage leakage (Gunaalan et al., 

2018). Therefore, considering the location of well 22 which is near an inlet, the found value is likely to be caused 

by saltwater intrusion from the inlet. Thus, groundwater around well number 1 should be investigated with most 

priority. As depicted in figure 2, the west area of the island is rural and has no digitised components of the 

wastewater system. This means that despite no predetermined risk factors (figure 14) are near well number 1, 

in reality there could be pollution sources from wastewater. As to figure 13, the location of well number 1 

contains other wells too, making it relevant to explore water quality and wastewater seepage accordingly. 

Furthermore, aside from water samples also soil contamination can provide insights into wastewater seepage 

sources.  

Moreover, there are several limitations to the electrical conductivity levels that were obtained for 2021. 

First, from the data from 1999-2007, a total of 5-8 years were taken into account throughout the 43 datasets to 

reach high correlations. This is not a complete representation of the actual situation. More time would enable 

better data cleaning and thus electrical conductivity levels dating back to 1977 which would result in more 

reliable data to extrapolate. Even though these were measured inconsistently, they were still registered 5-12 

times a year. In this regard, instead of annual averages, 5-12 moments a year could have been used. Also, 

precipitation data could have been adjusted accordingly as these are registered on a monthly basis. The 

correlation levels for the first analysis phase of 0.5-1 were considered high while actually 0.5 is rather low.  

Moreover, the topographic and temporal context should be taken into consideration for further research. As 

described in table 1, Curaçao has hills alongside its entire length, which can have an important influence on 

precipitation and wastewater flows. Besides, CSOs mainly overflow during heavy rainfall (EPA, 2017) whereas 

for this research rainfall was taken  equal to all areas and as annual averages. As to high risk areas, industrial and 

agricultural runoff should be taken into consideration in search of pollution sources, while this research solely 

focussed on digitally available assets of the wastewater treatment system.  
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Lastly, the parameters that were constrainedly used contributed to the implementation of SDG 6.3.2. 

throughout, because a global restraint on SDG research and implementation is lack of data and data resources, 

especially in low income nations such as Small Island Development States (Chaturvedi et al., 2021). Therefore, 

this research provided insights for SDG research about how limited or outdated data resources could still be of 

value at addressing governance issues. Finally, further research should include other sectors that put pressure 

on the wastewater infrastructure such as tourism which is a major economic contributor to the island (Appendix 

A).   

 

6. CONCLUSION 

In conclusion, the Curaçao government is applying a scattered strategy to monitor their wastewater treatment 

system  regarding responsibilities, and informative resources and data. Inconsistency in both and not prioritising 

this utility seem problematic. Addressing social problems that emanate from this, was considered a scientific 

way of offering a beginning of replicable research to promote better management. The consequences of 

wastewater on land were therefore explored by focusing on public health and groundwater quality.  Public 

health threats as framed for this research were not found in Curaçao and ground water quality was overall in a 

poor state, complicating its use for irrigation. One ground water well was identified that could serve as a starting 

point of further research into identifying non-point pollution sources of wastewater. Thereby, the methods in 

this research are replicable for other SIDS in the Wider Caribbean Region if improved on the aspects of better 

disciplinary foreknowledge, more time, demarcating a smaller research area and equipment resources for more 

specific measurements. In addition, it provided an example of exploratory research with limited data which 

characterises SIDS and could therefore be useful for other similar nations in SDG research. Despite the result of 

not having found public health threats, it has to be recognized that the warnings in literature about Curaçao’s 

wastewater challenges are still greatly relevant. Not to forget, for Curaçao this research was only one of just a 

few attempts of exploring terrestrial consequences of poor wastewater management and the first to look for 

public health risks accordingly. Along with predictions of bad groundwater quality, more research and 

measurements are advised to harbour safe water use and a healthy living environment in the future.  
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APPENDIX A: CURAÇAO COUNTRY PROFILE  

Table with general parameters for Curaçao as published in “National Report Sustainable Development Curaçao” 

(2014, p. 6). 
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APPENDIX B: TABLE WITH HEALTH RISK SYMPTOMS 

Health risks related to exposure to or occupation with wastewater by pathogen categories. Heavy metals 

induced health risks only apply to consumption related pathways. These were distilled prior to fieldwork and 

were not removed from this table as even though they were not suitable for this research, the category is still 

relevant for further and broader research that might include consumption related risks.  

Name Toxin Symptoms Source Survey group 

Heavy Metals    

Cd - cough 

- anemia (see other below) 

- weak bones 

- kidney stones  

- Long term can lead to  
cancer 
 

Abaidoo et al. (2010) 
 
 

“Cadmium poisoning » (2021) 

Agriculture: 

consumption 

Co (mainly roots 
and stems) 

- asmathic symptoms; 
shortness of breath 

 

- deafness 

- nerve problems 

- ringing in the ears 

- thickening of blood 

- thyroid problems 

- vision problems  
 

contact with skin: 

- irritation 

- rashes 

→ goes away slowly 

Abaidoo et al. (2010)  

 

“Cobalt poisoning” (n.d.)  

Agriculture: 

consumption 
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Mo - skin irritation 

- eye irritation 

- fatigue 

- headache 

- joint pain 

- gout (intense joint pain, 
lingering discomfort, 
swollen, warm, red joint) 

- diarrhea 

- anemia 

- retarded growth 

Abaidoo et al. (2010)  

 

Gout (n.d.) 

 

Agriculture: 

consumption 

Se - nausea;  

- vomiting;  

- nail discoloration,  

- brittleness,  

- and loss;  

- hair loss;  

- fatigue;  

- irritability;  

- and foul breath  odor 
(often described as “garlic 
breath”) 

Abaidoo et al. (2010)  

 

Agriculture: 

consumption 

Helminths     

Ascaris Lungs: 

 

● Persistent cough 

● Shortness of breath 

● Wheezing (hijgen) 

● Fever 

Drechsel et al. (2014) 
 
Ascariasis (n.d.) 

Abaidoo et al. (2010)  

  

 

Contact with irrigation 

water and contaminated 

soils | Also children in 

the areas 
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N.B. Exclude Covid-19! 

 

● Vague abdominal pain 

● Nausea 

● Vomiting 

● Diarrhea or bloody stool 

 

In severe cases: 

● Fatigue  

● Weight loss or 
malnutrition 

● a worm in vomit or stool 

 

Hook worm Hands, arms, feet, calves:  

● itchiness 

● small rash: 
Raised, red, itchy  

 

Other: 

● diarrhea 

● abdominal pain 

● stomach cramps - 
excessive crying in infants 

● nausea 

● fever 

● blood in stool 

● loss of appetite 

● weight loss (inexplicable) 

● wheezing 

● cough 

● extreme tiredness & 

Drechsel et al. (2014) 

Delgado (2019) 

Smith (2018) 

“ Iron deficiency anemia” 
(n.d.). 

Contact with irrigation 

water and contaminated 

soils  
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weakness 

● Anemia (iron deficiency): 

- extreme fatigue 

- weakness 

- pale skin 

- chest pain 

- fast heartbeat  

- shortness of 
breath 

- headache, 
dizziness, 
lightheadedness 

- cold hands and 
feet 

- sore tongue 

- brittle nails 

- Unusual cravings for non-
nutritive substances, such as ice, 
dirt or starch 

-Poor appetite, especially in infants 
and children with iron deficiency 
anemia 

enterobiasis 
pinworm 

● itching anal area 

● restless sleep due to anal 
itching 

● pain, rash or other skin 
irritation around the anus 

● worms in stool 

Abaidoo et al. (2010) 

 

 

Giorgi (2019) 

Contact with irrigation 

water and contaminated 

soils  

taeniasis (beef 
tapeworm) 

Most people do not experience 

symptoms! 

- tiredness 

- abdominal pain 

- weight loss 

Abaidoo et al. (2010) 

 

Burke (2018) 

 

Felman (2017) 

Contact with irrigation 

water and contaminated 

soils  
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- diarrhea 
 
Extra: 

- vomiting 

- nausea 

- general weakness 

- inflammation of intestine 

- altered appetite 

- sleeping problems due to 
all of the above 

- dizziness 

- convulsions 

- malnutrition 

 

 

Trichuris trichiura 
(whipworm) 

- bloody diarrhea 

- painful or frequent 
defecation 

- abdominal pain 

- nausea 

- vomiting 

- headaches 

- sudden and unexpected 
weight loss 

- fecal incontinence, or the 
inability to control 
defecation 

Abaidoo et al. (2010) 

 

Erickson (2018) 

Contact with irrigation 

water and contaminated 

soils and consumption 

Bacteria    

Bacterial and Viral = 
Gastroenteritis 

● Nausea 

● Vomiting 

● Fever 

● Abdominal cramping and 
pain 

Abaidoo et al. (2010)  

 

“Dehydration”(2019) 
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● diarrhea 

● bloody stool 

● dehydration: 
- thirsty feeling 
- dark yellow and strong 
smelling urine 
- dizziness and 
lightheaded 
- tired feeling 
- dry mouth, lips and eyes 
-peeing little and fewer 
than 4 times a day  

● constipation (as symptom 
of electrolyte 
imbalance)https://www.
healthline.com/health/fo
od-nutrition/how-to-
prevent-an-electrolyte-
imbalance 

 

 
“Bacterial 
Gastroenteritis”(n.d.)  

 

 

Typhoid fever 
 
(salmonella typhi) 

- sustained fever 

- weakness 

- stomach pain 

- headache 

- diarrhea or constipation 

- cough 

- loss of appetite 

“Typhoid Fever and 
Paratyphoid Fever” (n.d.)  

 

Salmonellosis -diarrhea 

-stomach cramps and 
abdominal pain 

- a sudden fever 

- nausea 

- vomiting, in some cases 

Brazier (2020)  

Shigellosis - Diarrhea (sometimes 
bloody) 

“Shigella”(n.d.)   

https://www.healthline.com/health/food-nutrition/how-to-prevent-an-electrolyte-imbalance
https://www.healthline.com/health/food-nutrition/how-to-prevent-an-electrolyte-imbalance
https://www.healthline.com/health/food-nutrition/how-to-prevent-an-electrolyte-imbalance
https://www.healthline.com/health/food-nutrition/how-to-prevent-an-electrolyte-imbalance
https://www.healthline.com/health/food-nutrition/how-to-prevent-an-electrolyte-imbalance
https://www.cdc.gov/shigella/symptoms.html
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- Fever 

- Stomach pain/cramps 

- Feeling the need to pass 
stool [poop] even when 
the bowels are empty 

Cholera - profuse watery diarrhea 

- vomiting 

- thirst 

- leg cramps 

- restlessness / irritability 

- dehydration, including 
low blood pressure 

“Cholera” (n.d.) 

 

 

campylobacteriosis - diarrhea (bloody often) 
with accompanying 
nausea and vomiting 

- fever 

- stomach cramps 

“Campylobacter”(n.d.)   

Viruses     

Adenovirus - cold like symptoms: 
* fever 

* sore throat 

*bronchitis: airway 
problems 
* pink eye 
* pneumonia  

*diarrhea 
* acute gastroenteritis 

“Adenovirus”(n.d.)   

Rotavirus - fever 

- nausea 

- vomiting 

“Rotavirus”(n.d.)  
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- profuse watery diarrhea  

Hepatitis A; 
infectious hepatitis  

- fever 

- malaise (onbehaaglijk 
gevoel) 

- loss of appetite 

- diarrhea 

- nausea 

- abdominal discomfort 

- dark coloured urine 

- jaundice (geelzucht; 
yellowing of skin and 
whites of the eyes) 

“Hepatits A” (2021)  

Protozoa     

Cryptosporidiosis not always symptomatic!  
 

- watery diarrhea 

- stomach cramps 

less: 

- fever 

- nausea 

- vomiting 

- loss of appetite 

“Cryptosporidiosis fact 
sheet”(n.d.) 

 

Giardiasis - diarrhea 

- gas 

- foul-smelling, greasy stool 
that floats 

- stomach cramps or pain 

- upset stomach or nausea 

- malaise 

“Parasites Giardia” (n.d.).  
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- dehydration 

Amoebiasis  - fever 

- chills 

- diarrhoea 

- abdominal pain 

- stool with blood/mucus 

“Amoebic Dysentery” (2017)  

Aerosolized 
pathogens 
symptoms  

- respiratory (asthma, 
chronic bronchitis, and 
chronic sinusitis),  

- gastrointestinal 
(abdominal pain and 
bloating, nausea, 
vomiting, diarrhoea, 
constipation, and 
jaundice), 

- skin (skin rash, ulcer on 
the skin)  

- systemic (headache, 
fever, chest pain or 
discomfort, muscle 
spasms, chills, irritability, 
insomnia, fatigue, 
weakness, and vague 
general discomfort or 
feeling of illness) 

Vantarakis et al. (2016)   
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 APPENDIX C. RESULTS SURVEY123 

Attached as PDF.  

 

 

 

 

 

 

APPENDIX D. COLLECTION OF ANSWERS TO OPEN QUESTION METHOD 2: SURVEY.  

 

What are the lived experiences of people who use treated wastewater with it?  

 

A2:  “Would like to receive treated wastewater more often” 

B1:  “I have switched over to collecting rainwater myself” 

B1: “No problems with water in Ban Abou”*neighbourhood in the north. 

B1: “Gebruiker Klein Kwartier “Lately there are a lot of algae in the water. It gets green very fast” 

A2: “Gebruiker water Klein Hofje: “WWTP Klein Hofje should be renovated” 

A3: “Sometimes we are losing a lot of plants because the salinity of the water is very high. This was a major issue 

earlier this year”  

B1:  “The water is good, but not enough” 

 


