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Introduction 

Seasonal tourism in the Moonsund Archipelago, particularly on the island of Saaremaa, causes large fluctuations 

in wastewater generation that exceed the hydraulic and treatment capacity of existing decentralised systems (Agius 

& Briguglio, 2021; Andolina et al., 2021). Although permanent populations on the islands are low, visitor numbers 

increase dramatically during the summer peak season, resulting in wastewater loads that may be 10–20 times 

higher than winter baselines. Much of Saaremaa’s territory lies in unprotected or poorly protected groundwater 

areas (Land and Spatial Development Board, 2025), making insufficient wastewater treatment a direct risk to 

drinking‑water quality. Despite the importance of sustainable water management in tourist regions, decentralised 

wastewater systems on islands remain understudied, and small tourism enterprises often rely on outdated septic 

systems unsuited to local hydrogeological conditions (Wells et al., 2016; Margeta, 2019). This study provides the 

first systematic assessment of decentralised wastewater treatment systems in the Moonsund Archipelago and 

interprets the results in the broader Baltic Sea context by comparing them with findings from other 

NURSECOAST‑II partner countries. 

Material and Methods 

A mixed-methods approach was used. An online questionnaire was distributed to 155 tourism service providers 

on Saaremaa, including accommodation facilities, catering providers and small ports; 34 responses (23.3%) were 

received. The survey captured information on system types, construction age, maintenance practices, wastewater 

volumes, drinking-water sources and estimated investment needs. To complement the survey, in-depth on-site 

inspections were carried out at 31 tourism establishments during July, August and October 2024 by a professional 

water engineering consultancy. During these visits, operators were interviewed, system conditions were 

documented, and both wastewater effluent and drinking-water samples were taken where possible. Wastewater 

samples were analysed for BOD₇, COD, total nitrogen, total phosphorus and suspended solids. Drinking-water 

samples were analysed for microbiological parameters (E. coli, enterococci), metals (iron, manganese) and key 

physico-chemical indicators (Pedusaar et al. 2025). Legal compliance was assessed according to Estonian 

Regulation No. 61 (2019), which requires biological treatment in unprotected or poorly protected groundwater 

areas (Ministry of Climate, 2019). A complementary cost-efficiency analysis estimated investment needs for 

replacing non-compliant septic systems with biological treatment plants suitable for small tourism facilities.   

Results and Discussion  

The majority of tourism facilities rely on septic tanks with infiltration fields (41%) or storage tanks (32%), while 

only a minority (12%) operate biological treatment plants. Many systems were built after 2000, yet their design 

capacity is insufficient for peak-season loads. Load calculations show that average wastewater production in tourist 

facilities is around 35 litres per person per day, but peak days can exceed the design capacity of existing systems 

by a wide margin (Pedusaar et al. 2025). Nearly half (45%) of the inspected systems do not comply with regulatory 

requirements, primarily because septic infiltration is used in groundwater‑sensitive areas where biological 

treatment is mandatory (Ministry of Climate, 2019). Field inspections also revealed cases where systems appeared 

bypassed or not emptied regularly, though these could not be formally verified. 

Effluent sampling showed poor treatment performance in several systems, with exceedances of BOD, 

COD, suspended solids, nitrogen and phosphorus. Because only 7 systems had accessible sampling points, the true 

scale of non-compliance is likely greater than measurable (Pedusaar et al. 2025). Drinking-water analyses indicated 

that 65% of the samples failed to meet legal standards, mostly due to microbiological contamination, high iron 

concentrations or manganese exceedances. Since 86% of the facilities rely on groundwater wells, these findings 

highlight a direct link between inadequate wastewater treatment and risks to potable water. 
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Investment needs are substantial. Approximately 62 tourism facilities on Saaremaa, located in 

unprotected groundwater areas and currently using septic infiltration, would require transition to biological 

treatment systems. With estimated costs of €20,000–40,000 per facility (mean €30,000), the total investment need 

is around €2 million. However, interviews revealed that most operators can invest only €2,000–3,000, suggesting 

that compliance will not be achieved without financial support (Pedusaar et al. 2025). Moreover, biological 

systems require skilled operation and seasonal re-activation after winter closures, adding to long-term costs. While 

improved treatment would reduce local groundwater risks, its influence on Baltic Sea eutrophication is limited 

compared to agricultural nutrient loads, complicating resource allocation decisions. 

Comparison with NURSECOAST‑II partner countries shows that Estonia’s challenges mirror those 

observed across the Baltic Sea region: seasonal overload, ageing infrastructure, limited operator capacity and 

significant investment gaps. However, Saaremaa stands out due to its extensive dependence on groundwater, 

limited wastewater discharge points and heavy reliance on septic infiltration, making its situation particularly 

sensitive. These transnational comparisons underline the need for shared strategies and context-specific solutions. 

Conclusions 

Decentralised wastewater systems in the Moonsund Archipelago frequently fail to meet environmental, technical 

and legal requirements due to unsuitable technologies, undersized systems and challenging hydrogeological 

conditions. Many facilities operate septic systems in areas where biological treatment is needed to protect 

groundwater. Drinking‑water risks are widespread, with 65% of samples failing to meet legal standards. Meeting 

regulatory requirements would require investment costs far beyond the capacity of small tourism enterprises. 

Addressing these challenges will require coordinated policy measures, targeted subsidy programmes, enhanced 

operator training and systematic monitoring. The comparison with other NURSECOAST‑II partner countries 

demonstrates that the challenges faced in Estonia are representative of broader regional issues and that joint Baltic 

Sea strategies would benefit decentralised wastewater management in tourism-intensive coastal areas.  
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