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Summary 

This report presents a quick scan assessment of groundwater flow and nutrient dynamics on 

the island of Saba, commissioned by the Public Entity Saba. The study aims to understand 

how nutrients, particularly nitrogen (N) and phosphorus (P), are transported from land-based 

sources to the surrounding marine environment, with a focus on the role of groundwater. This 

knowledge is essential for protecting coral reef ecosystems and guiding sustainable 

environmental management. 

 

Key Objectives 

¶ First understanding of the hydrogeological system of Saba. 

¶ Identify and quantify nutrient sources and transport pathways. 

¶ Quick scan assessment of the impact of groundwater on coastal water quality. 

 

Methodology 

To achieve this, the quick scan research combined a literature review, field surveys, 

stakeholder interviews, water quality sampling, laboratory analysis, and the development of a 

conceptual groundwater model. Nutrient and water balances were calculated for individual 

catchments to estimate the contributions of various sources, including domestic wastewater, 

livestock, tourism, agriculture, and atmospheric deposition. 

 

Main Findings 

¶ Groundwater is a major pathway for nutrient transport to the sea, with elevated 

nitrate levels detected in wells and springs. 

¶ At present, cesspits are the dominant nutrient source, followed by livestock and 

atmospheric deposition. 

¶ Two potential subsurface flow routes were hypothesized: 

¶ A slow, permanent groundwater flow discharging year-round into the sea. 

¶ A quick interflow route during heavy rainfall, contributing to erosion and 

nutrient pulses. 

¶ Nutrient concentrations in coastal waters are elevated and approach ecological 

thresholds for coral reef health. 

¶ Historical goat overpopulation (5,000 goats in 2020) significantly contributed to 

nutrient loads; current levels (~150 goats) have reduced this impact. 

 

Conclusions  

¶ It is hypothesized that Sabaôs geology and steep terrain create a dual water flow 

system: slow groundwater discharge and fast interflow during storms. 

¶ Groundwater is the primary year-round carrier of nutrients to the sea, especially 

nitrate from cesspits. 

¶ Nutrient levels in groundwater are high enough to pose a risk to coral reef 

ecosystems, even though total nutrient inputs are modest compared to larger islands. 

¶ The reduction in goat population has significantly decreased nutrient pressure, but 

human wastewater remains a key concern. 

 

Recommendations: 

¶ Improve monitoring of rainfall, groundwater, and runoff to reduce uncertainty. 

¶ Enhance rainwater infiltration and reduce surface runoff through better land and road 

design. 

¶ Continue goat control programme and improve wastewater management in new 

developments when possible and economically viable.  



 

 

 

4 of 89  Understanding Sabaôs (ground)water system and nutrient pathways 

11210862-002-BGS-0001, 10 July 2025 

Contents 

Summary 3 

1 Introduction 6 

1.1 Problem definition 6 

1.2 Objective of the study 7 

1.3 Research setup 7 

2 Physical and geographical description of Saba 8 

2.1 Introduction 8 

2.2 Physical and Geographical setting 8 

2.3 Human activity and land use 9 

2.4 Geology and geomorphology 11 

2.5 Groundwater wells and (hot) springs 16 

3 Method 20 

3.1 Introduction 20 

3.2 Literature study 20 

3.3 Field survey 20 
3.3.1 Geological and hydro(geo)logical observations 20 
3.3.2 Quick-scan field tests 21 
3.3.3 Laboratory testing 21 

3.4 Conceptual (ground)water model 23 

3.5 Integrated Nutrient and Water Balance Analysis 23 

4 Field results 24 

4.1 Introduction 24 

4.2 Field observations and interviews 25 
4.2.1 Geology and geomorphology 25 
4.2.2 Infiltration tests 27 
4.2.3 Interviews 29 

4.3 Field measurements 31 
4.3.1 Quick-scan field tests 32 
4.3.2 Lab analyses 32 
4.3.3 Nitrogen (Nitrate, nitrite, ammonium, and total nitrogen) 35 
4.3.4 Sulphate 39 
4.3.5 Phosphate 41 
4.3.6 Electrical conductivity (EC) 43 

5 Conceptual description of (ground)water systems 46 

6 Nutrient balance / loads / fluxes 51 



 

 

 

5 of 89  Understanding Sabaôs (ground)water system and nutrient pathways 

11210862-002-BGS-0001, 10 July 2025 

6.1 Introduction 51 

6.2 Nutrient sources 51 
6.2.1 General overview 51 
6.2.2 Humans 52 
6.2.2.1 Wastewater management 53 
6.2.2.2 Local population 55 
6.2.2.3 Tourism 55 
6.2.3 Livestock 56 
6.2.4 Agriculture 57 
6.2.5 Organic Waste Dump 58 
6.2.6 Atmospheric deposition 59 

6.3 Water fluxes 59 

6.4 Nutrient fluxes 64 

6.5 Nutrient concentrations coastal waters 70 

6.6 Regional perspective 75 

7 Conclusions and recommendations 77 

7.1 Conclusions 77 
7.1.1 Conceptual model 77 
7.1.2 Nutrient Sources 78 
7.1.3 Water Balance 78 
7.1.4 Nutrient Fluxes 79 
7.1.5 Measured nutrient concentrations coastal waters 79 

7.2 Recommendations: 80 
7.2.1 Monitoring and data collection 80 
7.2.2 Rainwater management 81 
7.2.3 Nutrient input reduction 81 

8 References 83 

A Appendix 85 

A.1 Composition of geothermal waters (in ppm) from the Lesser Antilles 85 

A.2 Complete overview of all field observations 86 

A.3 Laboratory results 87 

A.4 Water and Nutrient Balance 88 
 

  



 

 

 

6 of 89  Understanding Sabaôs (ground)water system and nutrient pathways 

11210862-002-BGS-0001, 10 July 2025 

1 Introduction 

1.1 Problem definition 

 

The coastal waters and coral reefs of Bonaire, Saba and St. Eustatius form marine protected 

areas that are internationally recognized for their high biodiversity. The coastal strip around 

each island form protected marine parks and the Saba Bank has been designated as a 

Particularly Sensitive Sea Area by the International Maritime Organization because of its 

great ecological, socio-economical, and scientific value. The Nature and Environment Policy 

Plan for the Dutch Caribbean (2020-2030) describes the need and strategy for sustainable 

use of natural resources in the Caribbean Netherlands.  

 

One of the four strategic goals of this plan is to reverse the trend of coral degradation in order 

to create healthy and resilient coral reefs in the Dutch Caribbean. Figure 1.1 shows a 

schematic overview of the key components of the coral reef ecosystems and the local 

stressors. For Saba, the nutrient inputs into the environment such as those from domestic 

sources, livestock and tourism, and the role of the groundwater system in transporting these 

nutrients are not yet well understood. The island lacks a centralised sewage system, and 

most households rely on cesspits. Additionally, there were historically more than 5,000 free 

roaming goats contributing to nutrient loads. To effectively reduce nutrient discharge into the 

marine environment, it is essential to quantify the islandôs nutrient emissions, identify their 

sources, and understand the transport mechanisms to the sea, including the role of 

groundwater. 

 

 
Figure 1.1 A schematic overview of the key components of coral reef ecosystems and the local stressors 

(Ministerie van LNV, IenW & BZK, 2020). 
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To achieve the goal of reversing coral degradation on Saba, it is essential to gain a better 

understanding of the nutrient fluxes in order to identify which components require improved 

management, such as enhanced wastewater treatment. Additionally, a thorough 

understanding of the groundwater system is crucial to determine how nutrients are 

transported to the sea. 

1.2 Objective of the study 

 

The overarching objective of this project is to get a better understanding of the 

hydro(geo)logical system of Saba and to estimate the contribution of different nutrient 

sources (specifically nitrogen (N) and phosphorous (P)) to the marine environment. Since 

nutrients may reach the sea via the groundwater, improving insight into the groundwater 

system is essential. This knowledge is crucial for better understanding the role of 

groundwater in the nutrient pollution of coastal waters and for supporting more effective 

management of nutrient emissions on the island. 

 

This understanding will be developed by analysing the existing data, collecting additional data 

and information during field visits, via quick-scan field measurements, observations, 

interviews, lab analyses, and developing a conceptual groundwater model. Based on the 

collected existing and new data, preliminary explorative water and substance (nutrients) 

balance calculations for Saba will be done, for a first indicative estimation of the contribution 

of different contaminant sources.  

1.3 Research setup  

In order to develop a better understanding of the hydrogeological (groundwater) system of 

Saba, with a focus on identifying potential sources of contamination, particularly septic tanks, 

cesspools, and their contribution to wastewater fluxes toward the ocean. Existing data, 

reports, and literature will be reviewed to identify knowledge gaps and guide the design of 

additional data collection. During a field survey, field observations, stakeholder interviews, 

and water quality measurements have been collected. These water quality measurements 

include both quick-scan field tests and the collection of groundwater and surface water 

samples for laboratory analysis. The lab analyses have been carried out by St. Maarten 

Laboratory Services (SLS). The information gathered is used to develop a conceptual 

description of the (ground)water system and the most related contaminant sources that 

integrates both existing knowledge and new field data. Finally, an assessment is then made 

regarding the contribution of various contaminant sources to ocean pollution. This includes 

indicative calculations of nutrient loads and fluxes from different sources, such as 

groundwater and surface runoff, to estimate their relative impact on coastal water quality.  

It should be emphasized that this study involves a quick scan analysis with limited resources 

and time and a first attempt to understand the subsurface flows on Saba and their 

contributions to the nutrient loads to the marine environment. Additional monitoring and field 

data are essential to validate the hypothesized mechanisms of the subsurface water system 

and to achieve more precise quantifications. 

 

Chapter 2 provides a physical and geographical description of Saba. Chapter 3 outlines the 

research approach and methodology. Chapter 4 presents the findings from the field survey 

and lab results. Chapter 5 delves into the hydrogeological context through a literature review 

and introduces a conceptual model of the groundwater system. Chapter 6 examines the 

nutrient balance, including estimated sources, loads, and transport pathways. Finally, 

Chapter 7 summarises the key insights and offers recommendations for future management 

and research. 
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2 Physical and geographical description of Saba 

2.1 Introduction 

Saba is a small Caribbean Island located in the northeastern part of the Caribbean Sea. It 

forms part of the Caribbean Netherlands and is one of the Windward Islands (Bovenwindse 

Eilanden) of the Dutch Caribbean, together with Sint Eustatius and Sint Maarten. Since 2010, 

Saba has held the status of a special municipality (public body) within the Kingdom of the 

Netherlands. 

 

This chapter provides a general overview of the physical and geographical characteristics of 

Saba. Understanding these characteristics is essential to assess how nutrient fluxes occur 

from terrestrial sources to the marine ecosystem. The islandôs topography, geology, size, 

population, and climatic conditions form the basis for interpreting land use, runoff patterns, 

and potential impacts on coastal and marine waters.  

 

2.2 Physical and Geographical setting  

Saba covers a total land area of approximately 13 square kilometres, making it one of the 

smallest inhabited islands in the Caribbean, and is roughly circular in shape (Figure 2.1). 

According to the Census Bureau (2025), the island has a population of 2,154 residents. The 

population is primarily concentrated in four small villages: The Bottom (the administrative 

centre), Windwardside, St. Johnôs, and Zions Hill (Hellôs Gate). Human settlement is generally 

limited to the more accessible lower slopes and valley areas. 

 

 
Figure 2.1 Geographical overview of Saba (OpenStreetMap (OSM)). 

 

Zions Hill 

Windwardside 

The Bottom 

St. Johnôs 
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The topography of the island is dominated by Mount Scenery, a stratovolcano that reaches 

an elevation of 870 metres, which is also the highest point in the Kingdom of the Netherlands. 

The landscape is steep and rugged, with limited flat areas. From the summit, the slopes 

descend quickly to sea level, resulting in short water pathways and a high potential for 

surface runoff. This steep terrain plays an important role in the transport of nutrients from 

land to sea, especially during heavy rainfall. 

 

Saba has a tropical oceanic climate, with temperatures generally ranging between 26 and 

29°C throughout the year. The island receives an average annual rainfall of approximately 

1034 mm (KNMI, 2023), with a clear wet season between August and November. The dry 

season typically occurs from February to April. Rainfall can be intense during tropical storms 

and hurricanes, which increases the risk of erosion and rapid nutrient transport. Spatial 

variation in elevation has a significant impact on the amount of rainfall and the rainfall 

distribution. At higher elevation there is a higher amount of rainfall. An extensive water flux 

analysis can be found in 6.3 Water fluxes. 

2.3 Human activity and land use 

Human presence on Saba began more than 3,000 years ago. The earliest known site, Plum 

Piece, dates to around 1300 BC. Archaeological evidence suggests that the island was 

inhabited by pre-Columbian communities who cultivated root crops and relied on the marine 

environment for food. More than 20 pre-Columbian sites have been identified across the 

island. Pottery fragments found at The Bottom and Windwardside (Hartog, 1975) indicate that 

Saba supported a significant Indigenous population. By the time Europeans arrived, this 

population had either disappeared or was reduced to a small group living near freshwater 

sources such as the springs at Spring Bay (Hofman & Hoogland, 2003). 

 

European colonisation began in the seventeenth century. Initially, agriculture played a 

dominant role in the local economy, with sugar and indigo plantations operated using 

enslaved labour. Over time, these activities declined and fishing, particularly lobster fishing, 

became more important (Public Entity Saba, n.d.). 

 

In the twentieth century, infrastructure development changed the island's economy and land 

use. The construction of the island road in 1943, the Juancho E. Yrausquin airport in 1963, 

and the Fort Bay harbour in 1972 improved accessibility and supported the gradual 

development of tourism. Since then, tourism has become a key part of Sabaôs economy, 

alongside government services and education. Approximately 10.000 tourists visit Saba each 

year. 

 

Sabaôs sulphur mine, located near Zions Hill (Hellôs Gate), was briefly active in the late 19th 

and early 20th centuries during a period of global demand for sulphur from volcanic sources. 

Ownership of the land and mining rights passed through various hands, including American 

and British investors, but the site proved too remote and logistically challenging for sustained 

operations. Despite renewed interest and several attempts at exploitation, the mine was 

eventually abandoned. Today, the ruins remain a historical landmark, though access is 

restricted due to safety concerns. 

 

There are no centralized wastewater management systems in place. Most households rely on 

the use of cesspits (cesspools) to manage their waste. In cesspits the untreated wastewater 

is able to infiltrate directly into the subsurface. There are a couple of septic tanks present on 

the islands, but no options for treatment of the sludge from the septic tanks. For a more 

detailed explanation on the wastewater management on Saba see 6.2.2.1 Wastewater 

management. 
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Rainwater harvesting is done throughout Saba and is an important freshwater source. The 

rainwater is collected in cisterns, an often underground concrete structure used to store 

water. Most households have their own cistern. Another source of freshwater is Reverse 

Osmosis (RO) water, which is desalinated seawater. The desalination plant is owned by the 

company AquaSab. The RO water is then converted into drinking water by the local drinking 

water company Saba Splash, which is regulated by The Public Entity Saba. This can be used 

directly as drinking water, during times of droughts, cisterns are also filled with the 

desalinated water. At present, no groundwater is used. 

 

Land use on Saba is shaped by its steep terrain and small size. Only a small part of the 

island is urban, with most buildings located in the four villages: The Bottom, Windwardside, 

St. Johnôs, and Hellôs Gate. The rest of the island is largely covered by natural vegetation 

(Figure 2.2). At the highest elevations, Mount Scenery is covered by tropical rainforest and 

cloud forest, with dense, humid vegetation such as tree ferns and mosses. These forests help 

retain water and prevent erosion. On the middle slopes, the vegetation consists mainly of 

secondary forest and shrubland. Towards the coast, the land becomes drier with grasses, 

scattered trees, and exposed bedrock. 

 

Agriculture on Saba has declined substantially compared to earlier periods, when it formed 

an integral part of daily subsistence. Historically, cultivation was concentrated in the islandôs 

mid and high elevation zones. Mount Scenery, for example, was extensively terraced for 

agricultural production. These areas have since been largely abandoned for such purposes. 

Goat herding was once an important food source, but as imported food became more 

accessible, the practice was largely abandoned, and goats were left to roam freely. In 2020, 

the goat population was estimated at around 5,000, but this has been reduced to 

approximately 150 through the goat control programme. Chickens remain widespread across 

the island, while cattle are nearly absent, with only five cows currently present, see 6.2.3 

Livestock. Some small-scale agriculture still exists, in Hellôs Gate and Windwardside, as well 

as a hydroponics farm. More information about agriculture can be found at 6.2.4 Agriculture. 

 

Although land use is low in intensity, small-scale gardens, trails, and unpaved roads are 

present. The natural vegetation plays an important role in reducing erosion and limiting the 

transport of nutrients to the sea. 
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Figure 2.2 Land use patterns derived from satellite data (Smith et al., 2013). 

2.4 Geology and geomorphology 

Saba belongs to the Lesser Antilles Arc, an island arc located north of South America and 

consists of a row of ten volcanic islands that extend over a length of 740 km (from Grenada in 

the south to Saba in the north). The island arc is formed by westward subduction (at a rate of 

2.2 cm per year) of the Atlantic Plate beneath the Caribbean Plate. The subduction trench is 

located approximately 150 km east of the active young arc and is completely filled with 

sediments that were brought in from South America (among others by the Orinoco River) 

(Vroon, 2012).  

 

The island of Saba is probably less than 1 million years old. The oldest known dated rocks 

exposed at the surface on Saba island are thought to be around 400,000 years (Roobol and 

Smith, 2004). The island is a complex stratovolcano composed of over 20 andesitic domes of 

Pelean-style eruptions (explosive) with pyroclastic flows and ashes. The last identified 
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eruption was a small eruption from Great Hill that has been dated at 280 years BP (Smith and 

Roobol, 2005). The Mount Scenery volcano is still an active volcano, indicated by two active 

hot springs, one in the southwest (900 m south of Ladder bay, Figure 2.8) and one northeast 

(below sulphur mine, in front of Green Island, Figure 2.8), with temperatures of respectively 

50-60 °C and 70-80 °C. The Ladder bay hot spring was recently covered by a landslide and is 

not reachable anymore.  

 

Figure 2.3 show a geological map of Saba and the old and younger andesite domes spread 

around the island are clearly visible, surrounded by lithified to unlithified andesite, ash and 

pyroclastic flows, and fluviatile reworked material. Figure 2.4 shows a more simplified 

geological map with andesite hard rock around Mount Scenery and on the lower slopes 

agglomerates (mainly pyroclastic flow deposits) and tuffs which are poorly sorted, and 

contain small to big blocks, volcanic bombs in a matrix of fine ash, sand or tuff. An 

agglomerate is geological name for volcanic deposits containing small to big blocks, volcanic 

bombs embedded in a matrix of fine ash, sand or tuff, resulting from eruptions and associated 

pyroclastic flows. The agglomerates are in general very permeable for water. At Wellôs Bay 

these agglomerates deposits are at least 50 to 100 m thick (see Figure 2.5). Due to its mostly 

unlithified character, the slopes are unstable and subject to slope debris flows and landslides. 

The volcanic domes and more lithified andesite hard rock are less permeable for water but 

contains fractures and cracks through which flow of water is possible. 

 

Due to the rapid infiltration through volcanic deposits and preferential flow through fractures 

within the hard rocks, limited geochemical attenuation of dissolved nutrients is expected. For 

denitrification for example, the required electron donor (organic matter or pyrite) is largely 

absent in these deposits. However, relict organic matter in buried soils or woody debris in the 

subsurface can locally fuel denitrification in a volcanic subsurface (Stenger et al., 2018).  

 



 

 

 

13 of 89  Understanding Sabaôs (ground)water system and nutrient pathways 

11210862-002-BGS-0001, 10 July 2025 

 
Figure 2.3 Geological map of Saba (Roobol and Smith, 2004) 

 
Figure 2.4 Simplified geological map showings domes, andesite hard rock, and agglomerates on the lower 

slopes (Geological Survey of the Netherlands). 
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Figure 2.5 Agglomerates deposits as cliffs at Wellôs Bay (Photograph by author).  

 

It is expected that below the domes only andesite hard rock is found. However, in the rest of 

the area between the domes a (heterogeneous) sequence of agglomerates, tuffs and lava 

flows is found, which result from different volcanic stages and eruptions during the 

development of the island. This sequence can be clearly seen in the schematic 

representation of the different stages of volcanic activity and the corresponding sequence of 

sediments in Figure 2.6, made by Roobol and Smith (2004). Stage IV shows the current 

situation, with old and young Pelean domes of andesite reaching large depths, pumice and 

lava flows surrounding it and the largest volumes of volcanic deposits consists of block and 

ash deposits from pyroclastic flows, either reworked by hill slopes or not. From this it can be 

derived that the subsurface of Saba is very heterogeneous with a sequence of permeable 

(pumice, block and ash deposits, agglomerates) and less permeable layers (domes and lava 

flows). Groundwater flow occurs primarily through these permeable layers, while the andesitic 

(Pelean) domes and lava flows hinder groundwater flow or act as completely impermeable 

barriers. 
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Figure 2.6 Four stages in the structural evolution of Saba volcano. Stage II is characterized by three different 

types of activity, which were repeated several times (taken from Roobol and Smith, 2004) 

 

The geomorphology map of Saba (Figure 2.7) further distinguishes key landscape features 

associated with geological composition, volcanic activity, and hillslope-forming processes. 

The upper and lower domes (summits and slopes) consisting of hard rock (andesite) are 

dominant features in the landscapes. Between the domes, most of the slopes are gullied and 

different steep valleys parallel to each other can be distinguished (in Figure 2.7 indicated by 

the blue lines). 

 

Most of the top soils can be classified as loamy sand to sandy loam and are very permeable 

for water, as also shown by the infiltration tests (see paragraph 4.2.2 Infiltration tests). 

Around the top of Mount Scenery, the soil is locally more clayey hindering the infiltration of 

rainwater. However, the abundance of roots, organic matter and soil organisms of the tropical 

vegetation and trees provide an open soil structure through which water may flow relatively 

easily even in clayey soils. Small gullies and valleys are largely absent in the higher 

elevations of the island. 
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Figure 2.7 Geomorphology map of Saba  

2.5 Groundwater wells and (hot) springs  

 

On Saba several groundwater wells are or were present and they all occur at the coast, close 

to the sea. The shallow groundwater levels below surface are the obvious reason why these 

wells are located close to the sea. In ancient times, these locations were the only possibilities 

to collect freshwater on the island as surface water bodies are lacking and groundwater 

levels are too deep elsewhere on the island. The groundwater wells are all found in bays 

where groundwater flow converges and discharges beneath sea level as submarine 

groundwater discharge (SGD). 

 

Based on literature and interviews, six locations where groundwater wells are still present or 

disappeared have been identified (see Figure 2.8 and Figure 2.9) which are summed up 

below. 

 

¶ Cove Bay well: this groundwater well was removed a couple of years ago and was 

located at the present playground at Cove Bay. No remains of this well are visible 

today.  

¶ Spring Bay well: this well remains functional, with water still present. It is located 

about 50 meters from the sea side, close to an ancient small settlement. The top of 

the well is made of concrete and the water can be reach via a hatch at the top. A 

bucket is required to sample the groundwater since the water level is about 8 m 

below the surface. 

¶ Core Gut Bay well: this old historical groundwater well is part of an old settlement of 

which some remains are still visible. The well is still present but is filled with sand and 

doesnôt contain water. Based on the position of the well relative to the sea level, it is 

assumed that groundwater can be found within 2 meter below the current surface in 

the well. Attempts to remove the sand and drill a small hole to the groundwater level 

failed during the field survey.  
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¶ Hole in the corner well: this well is also located very close to the seaside and is still 

in operation. The groundwater level in the well is at about sea level, and the water 

can be reached via a ladder.  

¶ Wellôs bay: this historical well is not present anymore, because it was covered 

during the construction of a road. During hurricane Irma (2017), the road was washed 

away and the location of the well appeared again. At this location, a well-like 

construction was built to indicate the historical position of the well and the new road 

was constructed next to it.  

¶ Groundwater spring Tent bay: a groundwater spring was present at Tent bay but 

was covered by a landslide a couple of years ago. During the field survey, a very 

small spring was discovered after a rainy day, and this could be the remains of the 

covered old Tent bay spring.    

 

 
Figure 2.8 The location of the five groundwater wells (black), one freshwater spring (blue) and the three hot 

springs (red). 

 

Hot springs have long been known on the island of Saba and were first described by Sapper 

(1903). Today three hot springs are known at sea level around the coast of the island (from 

Roobol and Smith, 2004).  

 

A hot spring opposite Green Island 

This hot spring is situated on the northern shoreline immediately below the abandoned 

sulphur mine and opposite Green Island. Access both from the sea due to the high surf, and 

from land, down a vertical cliff below Lower Hellôs Gate is difficult. The spring occurs at sea 

level and is often flooded by seawater and covered by surf, boulders and gravel and standing 

water is absent. At present, this hot spring is visited by volcanologists of KNMI twice a year to 

collect data from their temperature sensor. Attempts to sample surface water for a chemical 

analysis failed but recently during their visit in May 2025 they were able to take a water 

sample. The analyses of this sample were not yet available while finishing this report.  

 

Ladder Bay 

Green Island 
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Gunnlaugsson (1981) was able to take some water samples from this spring and analysed 

the chemistry (chemistry data in 8A.1). The analysis show a salinity equal to that of seawater 

(high sodium concentrations). Since the hot spring is flooded regularly by sea water, the 

samples are highly contaminated by sea water as also concluded by Gunnlaugsson.  

 

 

   
Figure 2.9 Photos of groundwater wells at the coast of Saba, A) Hole in the corner, B) Wellôs Bay, C) Spring 

Bay, D) Core Gut Bay (Photographs by author). 

 

Hot springs between Ladder Bay and Tent Bay 

These were the most accessible of the hot springs on Saba but are covered by a landslide 

nowadays. They were located 900 m south of the Ladder below the steep, high cliffs that 

truncate the Great Hill dome. Two closely-spaced springs occur at sea level and are just 

covered by seawater at high tide. Temperature of this hot spring is around 55 ºC. 

Gunnlaugsson (1981) determined a flow rate of less than 0.1 Liter per second (from Roobol 

and Smith, 2004), indicating that this hot spring was discharging groundwater.  

Gunnlaugsson (1981) also took samples from these hot springs and the results are presented 

in Annex A. The sodium concentrations are also very high but a bit lower than the other hot 

spring opposite Green Island. The sodium indicate a mixture of about 80% sea water and 

20% freshwater. 

 

A B 

C D 
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Interestingly, Roobol and Smith (2004) report freshwater discharging at this hot spring: ñIn 

previous literature the hot springs near the Ladder on Saba have been described as saline, 

however on March 10, 1994, we were fortunate to visit the Ladder Bay spring at low tide. The 

hot spring water was emerging from a fissure in the Great Hill andesite at a point normally 

covered by the sea. At the same time the sea was calm, and the spring water was found to 

be fresh and potable. It seems likely that the records in the literature that the springs are 

saline are in fact records of emerging fresh water springs that are being contaminated by 

seawater at high tide.ò   

 

An interesting historical observation of a submarine freshwater spring was also mentioned by 

Roobol and Smith (2004). ñWestermann and Kiel (1961) report an account by Benest in 1899 

of a submarine upwelling of fresh water off the coast of Saba. About 0.5 km to the southwest 

of the island, fresh water was reported bubbling up on the surface of the sea and there were 

reports of boats filling their water barrels from this submarine stream of fresh water. Today, in 

spite the increased boating and SCUBA activity in the Saba Marine Park no trace of this 

spring is evident.ò 

 

Submarine hot springs 

Between Tent Bay and Ladder Bay, hot springs occur at the sea bed at a depth of about 10 

meter, about 150 meter offshore, indicated as Hot Springs Diver site number 14 (red dot in 

sea in Figure 2.8). It is regularly visited by SCUBA divers and increased temperature of the 

sandy sediments can be felt. There are no reports of water emerging from the sea bed.  
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3 Method 

3.1 Introduction 

This chapter outlines the methodology used to investigate the hydrogeological system of 

Saba and to assess the contribution of potential nutrient pollution sources, particularly via 

groundwater and surface water systems, to coastal water resources. The research approach 

consists of a literature review, field surveys carried out between March 24th and April 5th, 

2025, and laboratory analysis of collected water samples. Data gathered during these phases 

support a preliminary nutrient balance and understanding of the subsurface flow systems and 

help identify key pollution sources across the island. 

3.2 Literature study 

A literature study was conducted to gather existing knowledge on Sabaôs geology, 

hydrogeology, climate, land use, and known contamination sources. Relevant reports, 

hydrological data, maps, and academic publications were analysed to identify knowledge 

gaps and inform the design of the field activities. The literature review also provided baseline 

information used in the conceptual model and nutrient balance estimations. The literature 

study is mainly described in chapter 2, 5, and 6, but used throughout the report. 

3.3 Field survey 

Field activities were carried out over a two-week period, from March 24th to April 5th, 2025. 

Field site visits were documented using a tablet, where forms were completed directly on-site. 

This method allowed for the immediate recording of coordinates, streamlining data 

interpretation and ensuring accuracy. Activities included geological and hydrogeological 

observations, infiltration testing, on-site water quality screening, and sample collection for 

laboratory analysis. These efforts aimed to enhance the understanding of local flow systems 

and identify key pathways and sources of nutrient transport across the island. 

3.3.1 Geological and hydro(geo)logical observations 

Geological and hydrogeological observations were conducted to characterize the subsurface 

and surface conditions that influence water movement and nutrient transport. Attention was 

given on identifying variations in soil surface permeability across different locations. 

Infiltration tests were performed using a simple method in which a PVC pipe was pushed 

vertically into the soil, filled with water, and the infiltration rate was estimated by measuring 

the change in water level over time. Figure 3.1 shows the PVC pipe in the field. The applied 

method is simple but effective, providing a rough estimate of infiltration rates. More accurate 

methods (e.g. double ring infiltration test or SATURO meter) were not used due to additional 

logistics and effort, which were not necessary for the purpose of this study. The results 

provided insight into the infiltration capacity of the soil and supported interpretations of 

groundwater recharge potential. All this information was used in the development of the 

conceptual (ground)water model. 
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Figure 3.1 PVC infiltration ring used in the field (Photograph by author). 

3.3.2 Quick-scan field tests 

To obtain preliminary insights into the quality of groundwater, surface water, and coastal 

seawater, quick-scan field tests were performed on-site during the field visit. Measurements 

included electrical conductivity and temperature, as well as a range of parameters tested 

using test strips. The following parameters were assessed: 

 

¶ Electrical conductivity (EC) and temperature using a handheld EC meter (WTW - 

Cond 3310) 

¶ Nitrate (mg/L) (Hach Aquachek) 

¶ Nitrite (mg/L) (Hach Aquachek) 

¶ Ammonium (mg/L) (Dosatest) 

¶ pH (Dosatest) 

¶ Hardness (°d) (Dosatest) 

¶ Chloride (mg/L) (Dosatest) 

¶ Sulphate (mg/L) (Quantofix) 

¶ Phosphate (mg/L) (Dosatest) 

¶ Total Iron (mg/L) (Dosatest) 

 

These rapid measurements supported the identification of locations for further sampling and 

helped detecting areas of potential concern. 

3.3.3 Laboratory testing 

In addition to field measurements, groundwater and surface water samples were collected 

and sent to St. Maarten Laboratory Services (SLS) for detailed laboratory analysis. Quick-

scan field tests were performed at all sites where laboratory samples were collected; 

however, laboratory sampling was not conducted at all sites where field tests were carried 

out. The sample numbering is as follows: SABA000, with an increase with 1 with every 

sample. An overview of where the samples were collected can be found here: 4.3.2 Lab 

analyses. 
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The samples were collected using the glass sample jars provided by SLS. After returning 

from the field the samples were stored in the refrigerator and were kept cool using cool packs 

when they were shipped to the lab. The samples were not filtered or acidified.  

 

To assess the concentration of soluble components in the soil under conditions of limited 

moisture, soil samples were collected and treated with demineralized water. The samples 

were shaken to facilitate the dissolution of soil-bound minerals into solution. Subsequently, 

field kit analyses were performed, and samples were sent to the laboratory for further 

chemical analysis. 

 

 
Figure 3.2 Glass sample jars stored in the fridge before being send to the lab (Photograph by author). 

SLS operates under ISO/IEC 17025 standards. The laboratory testing included a broad set of 

parameters to allow for a more complete understanding of nutrient concentrations and 

general water chemistry. The following components were analysed: 

 

¶ Wastewater package (including pH, conductivity, total coliform, total nitrogen, total 

phosphorus, biochemical oxygen demand (BOD), and chemical oxygen demand 

(COD)) 

¶ Total hardness 

¶ Alkalinity 

¶ Fluoride (F) 

¶ Nitrite (NOϜ) 

¶ Nitrate (NOϝ) 

¶ Sulphate (SOϞ) 

¶ Ammonium (NHϞ) 

¶ Potassium (K) 

¶ Calcium (Ca) 

¶ Magnesium (Mg) 

 

The following parameters were requested for analysis, but were not done because the 

equipment needed for the testing was unavailable at SLS: 

 

¶ Chloride (Cl) 

¶ Bromide (Br) 

¶ Phosphate (POϞ) 

¶ Sodium (Na) 
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The laboratory results served to validate and complement the quick-scan field data and 

played an important role in the subsequent nutrient balance calculations. 

3.4 Conceptual (ground)water model  

A conceptual (ground)water model was developed to describe the key characteristics, 

processes, and interactions within Sabaôs (ground)water system. Such a conceptual model 

provides a simplified, visual representation of how groundwater moves through the 

subsurface and how it interacts with other hydrological components, such as surface water 

and sources of contamination. Unlike numerical models, a conceptual model is descriptive 

and integrative, serving as a foundation for understanding, interpretation, communication, 

and potential future numerical modelling. 

 

The development of the conceptual model relied on all available data from the literature 

review, field observations, infiltration tests, water quality screening, and laboratory analysis. 

Information such as geological structure, permeability, recharge potential, water quality, and 

spatial patterns of contamination were synthesized to understand the behaviour of the 

groundwater system across the island. 

 

The (ground)water analysis helps to support the spatial interpretation of contaminant 

transport, to identify possible flow paths, and to locate areas of particular concern with regard 

to nutrient leaching or discharge to the ocean. It also helped visualize connections between 

pollution sources and vulnerable zones and provided a framework for integrating data 

collected from different sources in a coherent way. This information is required to setup 

nutrient balance and link sources to flows.  

 

It is important to note that the development of the conceptual (ground)water model is based 

on a quick scan field survey and very limited available data. It is a first attempt to understand 

the subsurface flows on Saba and additional monitoring and field data are essential to 

validate the hypothesized mechanisms.  

 

3.5 Integrated Nutrient and Water Balance Analysis 

A nutrient balance was calculated using Microsoft Excel, based on a rapid assessment, to 

estimate the contribution of various pollution sources to nutrient loading across the island. 

Emission factors for nutrient release were derived from literature, while population statistics, 

livestock numbers, tourism data, and other relevant inputs were provided by local 

stakeholders and institutions. 

In addition to the nutrient balance, a water balance analysis was conducted for each 

catchment, based on the limited data available, to quantify inflows and the partitioning of 

water into deep groundwater recharge and interflow. This analysis combined existing 

hydrological data with newly collected field data and insights from the conceptual 

(ground)water model.  

 

The results of the water balance were then integrated with the nutrient balance to estimate 

the nutrient fluxes, allowing for a more comprehensive understanding of nutrient transport 

dynamics within the catchments. This combined approach helps quantify the scale and 

movement of nutrient emissions from human waste, domestic animals, and other sources to 

the coastal waters. By linking these estimates with spatial patterns observed in the field and 

the results of lab analyses, the study was able to identify key nutrient contributors and 

pollution hotspots. This integration of hydrological and nutrient data supports the investigation 

of how different pollutant sources affect marine contamination, which is essential for 

protecting the coral reef ecosystems surrounding Saba. 
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4 Field results 

4.1 Introduction 

During the field surveys, a total of 93 observation locations (of which 7 locations were at sea) 

were documented across the island (Figure 4.1). At each of these sites, a variety of 

geological, hydrogeological, and water quality observations were recorded, providing a 

comprehensive dataset for analysis. The field activities were designed to gather essential 

data on the groundwater and surface water systems, as well as potential sources of nutrient 

contamination. This chapter presents an overview of the results, including the quick-scan field 

measurements, laboratory analysis of water samples, and insights gained from interviews 

with local residents and stakeholders. Together, these results form the foundation for 

understanding the islandôs hydrological dynamics and identifying key pollution sources that 

contribute to nutrient loading in the environment. A complete overview of all the observations 

can be found in appendix 8A.2. 

 

 
Figure 4.1 Overview of all the field observation sites. 
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4.2 Field observations and interviews 

 

4.2.1 Geology and geomorphology 

Geological observations were made at 50 locations across the island (Figure 4.2). Note that 

the locations indicate the position from where the observations were made (e.g. observations 

Geo40 until Geo46 were made from a boat).  

 

 
Figure 4.2 Geological observation location. 

 

At several locations thick layers of agglomerates could be observed. The occurrence of this 

geological formation is widespread and important for groundwater flow and nutrient transport 

due to the high permeability. An agglomerate is the mixture of volcanic deposits containing 

small to big blocks, volcanic bombs embedded in a matrix of fine ash, sand or tuff. Figure 4.3 

and Figure 4.4 illustrate outcrops at locations Geo_11 and Geo_8, respectively, showcasing 

the agglomerate deposits. These agglomerates are widespread surrounding the different 

domes observed throughout Saba, with its thickness increasing at lower elevations, 

particularly toward the coastline. 

 

Below the agglomerates, the andesite bedrock, often called ñblue/black rockò by locals, is 

found (Figure 4.5). This hard volcanic rock is part of a layered subsurface, built up from 

different volcanic eruptions over time. The result is a sequence of layers with varying 

permeability. The andesite itself is mostly impermeable, but where fractures occur, some 

groundwater flow is still possible. In contrast, the overlying agglomerates and pyroclastic 

deposits are much more permeable and allow easier infiltration. This interbedded system of 

more and less permeable layers controls how groundwater moves through the subsurface. 

The groundwater flow is therefore strongly influenced by the location and connectivity of 

these layers. 
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Figure 4.3 Outcrop at Wellôs Bay (Geo_11 in Figure 4.2). Human (1.70cm) for scale. Layered agglomerates 

consisting of fine and big boulders and volcanic bombs in a loose sandy matrix of tuff and ashes (Photograph 

by author). 

 

 
Figure 4.4 Outcrop at Geo_8, on the road to Wellôs Bay. Agglomerates with ranging boulder sizes 

(Photograph by author). 
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Figure 4.5 Outcrop at Geo_12, on road towards harbour. Andesite rock of one the domes exposed at the 

surface (Photograph by author).  

4.2.2 Infiltration tests 

 

Based on the infiltration test results (Table 4.1, Figure 4.6), it was observed that the 

infiltration rates are generally very high and vary across the island, largely depending on the 

underlying geological formations and moisture levels in the soil. 

 

In areas dominated by agglomerate rock, such as locations Infil_1, Infil_2, Infil_5, Infil_6, 

Infil_7, Infil_8, Infil_9, Infil_10, Infil_13, Infil_14 and Infil_15, water infiltrates very rapidly, often 

at rates exceeding 1 cm per second (blue dots in Figure 4.6). These results suggest that the 

agglomerate rocks, with its loose gravel and boulders embedded in a sandy matrix, provides 

excellent conditions for water infiltration, especially where the rock is exposed or covered by 

only a thin layer of soil. Additionally, the presence of soil, soil life and vegetation further 

enhances infiltration, as root systems improve soil structure and promote preferential flow 

pathways. 

 

However, at the top of Mount Scenery, where the cloud forest is present, infiltration rates 

were notably slower, as seen in tests Infil_11 and Infil_12 (orange dots in Figure 4.6), where 
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the water infiltrated at rates of 2 cm in 5 minute and 1 cm in 6 minutes, respectively. The soil 

here is characterized by a loamy texture resulting from tropical weathering processes 

resulting in lower permeability compared to the other locations. Although the cloud forest 

maintains consistently high moisture levels, the dense root network and organic-rich soil 

create a permeable structure that still allows water to infiltrate into the subsurface. Rather 

than producing surface runoff or visible flow paths, rainfall continues to percolate through the 

soil. 

 

These findings indicate that groundwater recharge potential is generally high across the 

island. In many areas, particularly where agglomerate rock is present, such as lower 

elevations and steeper slopes, rainwater infiltrates efficiently due to the porous and loosely 

packed structure of the material. While soils around Mount Scenery are somewhat less 

permeable, infiltration remains effective in most locations. Only the steep andesite outcrops 

significantly limit infiltration. 

 

Vegetation plays a key role in supporting infiltration. Root systems improve soil structure, 

allowing water to enter the subsurface more easily. In the past, heavy grazing pressure from 

an estimated 5,000 goats reduced ground cover, leading to increased surface runoff and soil 

erosion. With goat numbers now reduced to around 150 vegetation has recovered, resulting 

in improved infiltration capacity and a decrease in erosion at the steep slopes and gullies. 

This shift has enhanced the islandôs overall potential for groundwater recharge. 

 

Table 4.1 Overview of the sites where an infiltration test has been conducted, including the ID, the results 

from the infiltration test and remarks. 

Infiltration 
test ID 

Infiltration test Remarks 

Infil_1 1.5 cm in 10 s Water infiltrates fast 

Infil_2 2 cm in 20 s  Infiltration ring could not be installed properly, lateral flow. 
Infiltration is fast. Matrix loamy sand, soil is dry, grass is 
yellow. 

Infil_3 - Infiltration observation during rain event. Water infiltrates 
fast on slope but part is surface runoff. 

Infil_4 - Infiltration observation during rain event. Very fast 
infiltration, matrix rocky sandy loamy 

Infil_5 1 cm in 30s Down along the ridge, water infiltrates very quickly. Steep 
grassy slope towards Gulle. Conglomerate, scree slope. 
Uppermost meters, likely not very thick. 

Infil_6 2cm in 1s Very fast infiltration 

Infil_7 2cm in 15s Geology, loose material with coarse stones in a sandy 
matrix. 

Infil_8 1 cm in 40s, 1.6cm in 1 
minute, 2cm in 1.5 minute 

On top of cliff Wellôs Bay, geology same as before 

Infil_9 1cm in 1 s Conglomerate with a very thin soil on top of it with dry 
grasses 

Infil_10 1.5 cm in 30s - 

Infil_11 2cm in 5 minutes On top of Mt Scenery, andesite dome, soil very loamy 
many roots, low permeability 

Infil_12 0.5 cm in 1 minute, 0.8 cm 
in 2 minutes, 1 cm in 6 
minutes 

On top, 2nd infiltration test 
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Infil_13 2cm in 2s Small part up the trail. Soil super permeable, no traces of 
run off 

Infil_14 0.5 cm in 10s, 1cm in 28s, 
1.2cm in 56s, 1.5cm in 1.5 
minute, 2.5cm in 2 minutes 

Conglomerate with a sandy matrix. Also wet around it. Still 
wet quite deep, it's wetter deeper than it is wide. At least 
10 cm wet. Loamy, a bit malleable, but still sandy. 

Infil_15 2cm in 2s Tropical soil. Subsoil is loamy sand but heterogeneous. 

 

 

 
Figure 4.6 Infiltration test location with as a label their test location ID. In blue very fast infiltration and in 

orange relatively slower infiltration. 

4.2.3 Interviews 

During the field visit 13 people were interviewed with different background and affiliations 

(Table 4.2). Their responses have been anonymised for privacy reasons.   

 

Table 4.2 Overview of the people that were interviewed during the field visit. 

Name Affiliation Relation to this study 

Niké Dekkers Public Entity Saba Project leader, wastewater specialist 

Sarah Van der Horn Public Entity Saba Former wastewater specialist. Current 
lead for goat population control program 

Jordan Every Public Entity Saba Drinking water, Saba Splash 

Oscar Vander Kaap Public Entity Saba Drinking water, Saba Splash 

Randall Johnson Public Entity Saba Head of Agriculture, Hygiene and Vector 
Control 

Zelda Meeuwsen Public Entity Saba Spatial planning expert, works on Black 
Rock Harbour 
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Zoubier El Atmani Public Entity Saba Work focusses on the road, knowledge 
about rainwater flows during heavy 
downpours 

Roxanne Simmons Public Entity Saba Waste Facility Manager 

Javier Dinten Fernandez Rijkstrainee at Public 
Entity Saba 

Performed a rainwater analysis.  

Peter Johnson  Saba Electric Electrical Grid Manager. Personal 
observation on land and in water 

Sanne Mooij SCF Fisheries Research Officer 

Otto de Vries Sea Saba Dive 
centre and board 
member of SCF 

Dive guide and boat captain. Personal 
observations on land and in water 

Alwin Hylkema Van Hall Larenstein Associate Lector Coastal Ecosystem 
Restoration 

 

The interviews conducted yielded a wealth of valuable information regarding water 

infrastructure, environmental conditions, and hydrogeological features on the island. 

 

A recurring topic across several interviews was the potential use of septic tanks for 

wastewater management. At present, the majority of household use cesspits (or cesspools) 

with the exception of the Public Administration building, the ñUnder the Hillò system, the 

dorms at the Medical University and the Saba Cares Hospital, which use septic tanks. While 

considered a feasible option, concerns were raised regarding the lack of a clear solution for 

the disposal or treatment of sludge after the septic tanks are emptied. 

 

Interviewees also identified additional groundwater wells that were not previously 

documented. While Wellôs Bay and Spring Bay were known locations, new information 

emerged about the well location at Core Gut Bay and Hole in the Corner. The road was built 

on top of the Wellôs Bay well. In 2017, during hurricane Irma, the road was destroyed and the 

well was uncovered. After that the old well location has been restored, filled with concrete, 

and turned into a fire pit that marks the old well location. Tents Bay also previously had a 

(natural) spring , which was destroyed by a landslide. Similarly, a former well at Cove Bay 

Beach is no longer accessible due to the construction of a playground on the site. 

 

The submarine hot springs were mentioned by multiple interviewees. It is uncertain if only 

warmth is emitted here or if there is submarine groundwater discharge. These vents exhibit 

temperatures ranging from 30 to 39°C. 

 

Runoff and flooding were also frequently discussed. Many residents noted that water 

regularly flows along roads during rainfall events. Approximately three to five times a year, 

rainfall is heavy enough to cause significant flooding and landslides (sediments and rocks on 

the road), rendering the road to the harbour impassable during those times (Figure 4.7). 

During periods of intense rainfall, visible sediment plumes are observed in Fort Bay and 

Spring Bay, indicating surface runoff and erosion into the marine environment. 
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Figure 4.7 Rainwater runoff on the road towards the harbour (Dinten Fernandez, 2025).  

 

In relation to land use and ecological changes, it was noted that goats were once commonly 

seen across the island, particularly in the lower, grassy areas. Historically, goats were 

imported as a food source. They used to be herded for their meat. Once the importing of food 

became more common, this practice was largely abandoned and most goats were left to 

roam freely. Because of a lack of natural predators the goat population grew out of control 

until there were approximately 5000 goats in 2020. However, their numbers have significantly 

declined in recent years, to approximately 150 goats, due to the goat population control 

program. Over the last couple of years (since the start of the goat control program) the island 

is visibly greener, in the lower areas the grasses are significantly higher and less erosion is 

visible. 

 

Regarding the construction of the new harbour, various geological and hydrogeological 

investigations have been conducted. Coring activities revealed a hard black/blue andesitic 

rock, identified as the hydrogeological basement, which was described as extremely difficult 

to penetrate. 

 

Concerns were also raised about potential contamination of domestic cisterns. Cisterns are 

typically installed uphill from the corresponding householdôs own cesspit. But, they are often 

situated downhill from their neighboursô cesspits, raising the risk of contamination. Cesspits 

are typically installed at a depth of 2.5 to 3 meters below the ground surface. 

 

4.3 Field measurements 

In the field a combination of quick scan field kits are applied as well as sampling for the lab. 

Below the results of both the field kits and lab results are presented together to form one 

coherent story. The spatial patterns and key findings for nitrate, sulphate, phosphate, and 

electrical conductivity (EC) are discussed in detail. The remaining results can be found in 

Appendix 8A.2 for the in-field observations and Appendix 8A.3 
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4.3.1 Quick-scan field tests 

The quick scan field measurements (as described in 3.3.2 Quick-scan field tests) were 

conducted at 24 locations across the island, covering a mix of surface water and groundwater 

sites (Figure 4.8). These rapid on-site tests provided an initial indication of water quality 

conditions in the field. A complete overview of all measurements is included in Appendix 

8A.2.  

 

 
Figure 4.8 Overview of the observation locations where quick scan field kits were applied. 

4.3.2 Lab analyses 

A total of 14 water and sediment samples were collected on Saba in late March and early 

April 2025 (Figure 4.11, Table 4.3). These included 3 surface runoff samples collected during 

heavy rainfall events, and 4 groundwater samples, of which 3 were taken from two different 

wells and 1 from a spring. Additionally, 2 seawater samples were collected near the hot 

springs, 1 lake water sample, and 1 cistern water sample from a household tap. The dataset 

also includes 3 sediment samples from areas with organic waste and mining activity, 

processed with demineralized water to extract nutrients, as described in 3.3.3 Laboratory 

testing. 

 

As mentioned, 4 groundwater samples in total were taken. In the end two wells were 

sampled. Two samples were collected from Spring Bay (SABA008 and SABA009, Figure 2.9 

C) and one sample was collected from Hole in the corner well (Figure 2.9 A). These samples 

were all clear water. One spring was sampled in Tent Bay (SABA004). Here, groundwater is 

seeping from the side of the hill after heavy rainfall (Figure 4.9). The seepage was slow and 

in the end 100 ml water was captured. In order to test it in the lab 300ml demineralized water 

was added. This is why the lab results of SABA004 have been multiplied by 4 in order to 

achieve the original concentrations. The sample SABA004 was turbid due to suspended 

sediment in the water. 

 

The seawater samples (SABA006 and SABA007) were collected during a diving trip by Sea 

Saba as close to the submarine geothermal vents as possible. 
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At the time of writing, SABA014, the sediment shaken with demineralized water from the 

sulphur mine, has not been analysed in the lab and is therefore excluded from the result 

description and interpretation described below. 

 

The laboratory results (as shown in Appendix 8A.3) are presented in ppm. Because ppm and 

mg/L are the same, it was decided to present all values in mg/L for consistency. 

 

 

 
Figure 4.9 Groundwater spring at Tent Bay (SABA004). Situation overview on the right and seeping 

groundwater and collection cup on the left (Photographs by author). 

The street runoff was collected on the road during rainfall, such as depicted in Figure 4.10. 

SABA001, SABA002, and SABA003 were collected in this manner. This runoff was collected 

from the built environment and has not percolated through the subsurface. 
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Figure 4.10 Collecting street runoff in The Bottom during rainfall (SABA002) (Photograph by author). 

 

 
Figure 4.11 Overview of the lab sample locations together with their lab ID. Location marker indicates sample 

type. 
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Table 4.3 Overview of the lab samples with the sample number, date collected, the type of data and a 

description of the sample. 

Sample 
number 

Date 
collected 

What type of water Description 

SABA001 31-3-2025 Surface runoff after rain Collected on parking lot in The Bottom during heavy 
rainfall 

SABA002 31-3-2025 Surface runoff after rain Collected in The Bottom at the goat sign during 
heavy rainfall 

SABA003 31-3-2025 Surface runoff after rain Collected in the harbour during heavy rainfall 

SABA004 31-3-2025 Groundwater from soil Groundwater seeping from the soil at Tent's bay. 
Filled with 300ml demineralized water to fill up to the 
level needed 

SABA005 31-3-2025 Groundwater from well Collected from the well located along the Giles 
Quarter Trail. Hole In The Corner Well 

SABA006 31-3-2025 Seawater  Collected by Sea Saba at the location of the hot 
springs 

SABA007 31-3-2025 Seawater  Collected by Sea Saba at the location of the hot 
springs 

SABA008 2-4-2025 Groundwater from well Collected at well at Spring Bay 

SABA009 2-4-2025 Groundwater from well Collected at well at Spring Bay 

SABA010 2-4-2025 Surface water (lake) Collected from Lake Saba along the Elfin trail 

SABA011 2-4-2025 Cistern water Collected from a house at the bottom of The Bottom. 
From tap. 

SABA012 2-4-2025 Organic waste dump, 
building material 

Soil/sediment sample. With demineralized water 
shaken to extract nutrient. 

SABA013 2-4-2025 Organic waste dump, 
sediment 

Soil/sediment sample. With demineralized water 
shaken to extract nutrient. 

SABA014 4-4-2025 Sulphur mine 
sediment/rock 

Soil/sediment sample. With demineralized water 
shaken to extract nutrient. 

4.3.3 Nitrogen (Nitrate, nitrite, ammonium, and total nitrogen) 

In the field, nitrate concentrations were tested using test strips. These test strips measure the 

amount of NOϝ-N. When comparing measurements of NOϝ-N obtained from test strips with 

laboratory results for total nitrogen (mg/L), it is important to account for the differences in 

what these values represent. NOϝ-N quantifies only the nitrogen (N) atom of nitrate ions 

(NOϝϖ), whereas the full nitrate concentration includes oxygen; the conversion factor is NOϝ = 

NOϝ-N × 4.43.  

 

The quick-scan field measurements showed slightly elevated values of nitrite (NOϜ) for 

SABA004 (groundwater spring), 0.15 mg/L. The presence of nitrite indicates active 

nitrification (ammonium is oxidized to nitrate) or denitrification (nitrate is reduced to nitrogen 

gas). No nitrite was detected in the other samples. No ammonium (NHϞ) was detected in any 

of the samples. This is also in line with the lab results, where the concentrations of nitrite and 

ammonium were below the detection limits of the laboratory methods used. 

 

Laboratory-reported total nitrogen (TN) includes all nitrogen species present in the sample, 

such as nitrate (NO3), ammonium (NH4), and particulate organic nitrogen (N-org). In systems, 

such as Saba, where most ammonium has already been oxidized to nitrate (nitrification), 

nitrate typically constitutes the majority of the measured TN. For example, SABA005 (Hole in 

the corner well), and SABA008 and SABA009 (Spring Bay well) were clear water samples 

without organic material, therefore it can be assumed that the total nitrogen must primarily be 
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representing nitrate. This means that the total nitrogen lab results can be compared to the 

nitrate quick-scan test strips. However, total nitrogen values may exceed the corresponding 

NOϝ-N-derived values due to the presence of residual organic nitrogen compounds and other 

minor nitrogen species within the sample matrix. Thus, the values in Table 4.4 can be 

compared directly, but it is likely that the total nitrogen concentrations exceed the nitrate 

levels. For the lab results the nitrate concentrations were all below the (relatively high) 

detection limit of 3 mg/L 

 

The results for nitrate concentrations, tested using the field kits, are presented in Table 4.4 

and Figure 4.12. Nitrate was detected in all groundwater sample locations, including 

Field_kit_12, Field_kit_13, and Field_kit_20. The highest concentration was measured at 

Field_kit_13, the Hole in the Corner well, where levels between 8 and 10 mg/L NO3-N. The 

second highest nitrate level was observed in Field_kit_20, the Spring Bay well, with 

concentrations between 6 and 8 mg/L. At Field_kit_4, where water was seeping from an 

outcrop, likely the remainder of the former Tentôs Bay spring (Figure 4.9), nitrate levels 

ranged from 2 to 4 mg/L. The EU drinking water limit for nitrate is 50 mg/L NOϝϖ (European 

Environment Agency, 2024), which corresponds to approximately 11 mg/L NOϝ-N (50 ÷ 4.43). 

The measured nitrate concentrations (as well as total nitrogen values) are therefore below 

the EU drinking water standard as well.  

 

Slightly elevated values in the same range (2ï4 mg/L) were also found at Field_kit_22 and 

Field_kit_23, where soil samples from the organic waste dump were shaken with 

demineralized water. No nitrate was measured in street runoff samples using the quick scan 

field kits. Note that we were not able to sample surface runoff on the land surface since the 

rain event was too mild for generating that. The measured nitrate levels indicate that 

groundwater discharge from Saba is a potential threat for the surrounding coastal ecosystem. 

 

A similar pattern is observed in the total nitrogen values from the laboratory results. Total 

nitrogen concentrations are highest in the groundwater samples (SABA004: Tent Bay, 44.8 

mg/L; SABA005: Hole in the Corner well, 5.3 mg/L; SABA008 and SABA009: Spring Bay, 4.5 

mg/L and 4.1 mg/L respectively). Total nitrogen is detected in all samples, including surface 

water, as the measurement encompasses not only nitrate but also other nitrogen-species. 

The total nitrogen concentration at SABA004 (Tent Bay) is exceptionally high (44.8 mg/L), 

likely due to the presence of suspended organic material in the sample, which contributed to 

the total nitrogen measurement. As mentioned before, this sample from this spring was turbid 

and contained suspended sediment. The two other groundwater samples were clear without 

any visible suspended sediment; therefore it is assumed that  NO3 is the dominant nitrogen 

species.  

 

On 20 October 2022 WMR (Wageningen Marine Research) collected two samples from the 

Spring Bay well (Table 4.5). The sample S221 and S222 show that NH4-concentrations are 

very low, and NO3-concentration are slightly elevated (~0.8 mg/L NO3-N). The low NH4-

concentrations were confirmed by our field kit measurements.   

 

The measured nitrate concentrations exceed the dissolved inorganic nitrogen (DIN threshold 

of 0.014 mg/L associated with negative impacts on coral reefs (Bell, 1992). However, since 

the available data represent NO3-N rather than directly measured DIN, the comparison is 

approximate. Additionally, it should be emphasized that nitrate levels are expected to be 

strongly diluted upon entering coastal seawater. Therefore, the concentration in the sea will 

be much lower than the measured levels in the groundwater. Still, it should be considered 

that the elevated nitrate levels in the groundwater will have a negative impact on the coral 

reefs. 
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The street runoff samples (SABA001, SABA002, and SABA003) contain a relatively low 

concentration of total nitrogen, ranging from 1.0 to 1.1 mg/L and no nitrate was detected in 

any of these samples.  

 

Both the quick field scan results as well as the lab results indicate that the nitrogen (total 

nitrogen and nitrate) pollution is primarily sourced from groundwater, likely related to a 

combination of livestock activity and cesspits. This conclusion can be derived from the fact 

that there is no significant nitrate measured in the street runoff measurements sampled in this 

study, but there are elevated nitrate levels in the groundwater samples. 

 

Table 4.4 Overview of the lab sample results and field kit results for the same location. Shown is total nitrogen 

(mg/L) from the lab and nitrate (mg/L) from the field kit. *Sample SABA004 increased by 4x from the tested 

lab value since the sample was diluted. 

Lab sample number Field kit test ID What type of water Total 

Nitrogen 

(mg/L), Lab 

Nitrate (mg/L), 

Field kit (NO3-N) 

SABA001 Field_kit_5 Street Runoff 1 
 

SABA002 Field_kit_6 Street Runoff 1.1 0 

SABA003 Field_kit_8 Street Runoff 1 0 

SABA004 Field_kit_12 Groundwater 44.8* 2 

SABA005 Field_kit_13 Groundwater 5.3 10 

SABA006 Field_kit_14 Sea water 2.2 0 

SABA007 Field_kit_15 Sea water 2.4 0 

SABA008 Field_kit_20 Groundwater 4.5 5-10 

SABA009 Field_kit_20 Groundwater 4.1 5-10 

SABA010 Field_kit_21 Surface water 2.9 0 

SABA011 Field_kit_19 Cistern from tap 0.7 0 

SABA012 Field_kit_23 Sediment shaken with 

demineralized water 

0.9 2 

SABA013 Field_kit_22 Sediment shaken with 

demineralized water 

2.5 2 

 

 

Table 4.5 Samples collected from the Spring Bay well on 20 October 2022 by Wageningen Marine Research. 

Sample Number NHϞïN (mg/L) NOϝïN (mg/L) 

S221 0.085 0.792 

S222 0.127 0.833 
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Figure 4.12 Nitrate concentrations NO3-N, (mg/L) concentration measured with the quick scan field kits.  

 
Figure 4.13 Lab results for the total nitrogen (mg/L) found in water around Saba. Both surface runoff and 

groundwater displayed in one figure. *Sample SABA004 increased by 4x from the tested lab value since the 

sample was diluted, this sample contained suspended organic matter. 
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4.3.4 Sulphate 

Elevated sulphate (SO4) concentrations were observed in both the lab and field kit tests 

(Table 4.6). The highest levels were measured in seawater at Field_kit_14 (2470 mg/L lab, 

>1200 mg/L field kit), Field_kit_15 (3690 mg/L lab, >1200 mg/L field kit). The measurement 

limit of the field kits is 1200 mg/L; therefore the lab results far exceed the field kits results. 

Moderately high sulphate levels were also found in groundwater sample SABA004 / 

Field_kit_12 (636 mg/L lab, 401 mg/L field kit) and SABA005 / Field_kit_13 (703 mg/L lab, 0 

mg/L field kit). The elevated concentrations in seawater are consistent with the influence of 

geothermal activity, which is known to enrich surrounding waters with sulphate (Wang et al., 

2021). In contrast, elevated groundwater sulphate likely results from geological weathering 

processes; volcanic activity typically releases significant amounts of sulphur, which becomes 

embedded in volcanic rocks and can transform into sulphate (SOϞ) as the rocks weather and 

oxidize over time. Surface water, wells, street runoff, and cistern samples generally exhibited 

low or undetectable sulphate levels (< 25 mg/L lab; 0 mg/L field kit). While the field kit 

provided useful qualitative confirmation of elevated sulphate in seawater, it tended to 

underestimate or fail to detect moderate concentrations in groundwater samples, expect for 

SABA004 where 400 mg/L sulphate was measured. Therefore, lab results provide a more 

reliable quantification.  

 

In environmental terms, the high sulphate levels in seawater are expected and not 

anthropogenic . The sulphate concentrations in the freshwater samples generally remain 

below drinking water limits (< 500 mg/L according to WHO guidelines (WHO, 2004)), with 

some exceptions linked to natural geology. 

 

Table 4.6 Overview of the lab sample results and field kit results for the same location. Shown is sulphate 

(mg/L) from the lab and sulphate (mg/L) from the field kit.  

Lab sample number Field kit test ID What type of water Sulphate 

(mg/L), Lab 

Sulphate (mg/L), 

Field kit 

SABA001 Field_kit_5 Street Runoff 6 0 

SABA002 Field_kit_6 Street Runoff 8 0 

SABA003 Field_kit_8 Street Runoff 13 0 

SABA004 Field_kit_12 Groundwater 636 400 

SABA005 Field_kit_13 Groundwater 703 0 

SABA006 Field_kit_14 Sea water 2470 1200 

SABA007 Field_kit_15 Sea water 3690 1200 

SABA008 Field_kit_20 Groundwater 104 0 

SABA009 Field_kit_20 Groundwater 75 0 

SABA010 Field_kit_21 Surface water 21 0 

SABA011 Field_kit_19 Cistern from tap 9 0 

SABA012 Field_kit_23 Sediment shaken with 

demineralized water 

24 0 

SABA013 Field_kit_22 Sediment shaken with 

demineralized water 

87 0 
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Figure 4.14 Sulphate (mg/L) concentration measured with the quick scan field kits.  

 
Figure 4.15 Sulphate (mg/L) concentration lab results.  
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