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Abstract:  We assess the potential for implementing integrated natural wastewater treatment (NTS) systems in small localities of 
Romania with less than 2,100 inhabitants. Selection of potential sites was based on a GIS analysis. As first priority for 
implementing natural treatment system technologies in small localities we have identified 1,207 sites. Distribution 
maps of potential NTS sites at district, communes and villages level, and the estimate of the necessary areas for the 
construction of NTS are shown. Our results may support the action plan for the Directive 91/271/EEC concerning 
urban wastewater treatment. 
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1. INTRODUCTION 

According to the Water Framework Directive (WFD) and Urban Waste Water Directive 
(UWWD), Member States must ensure that urban wastewater from agglomerations of more than 
2,000 equivalent population (p.e.) is collected and treated prior to discharge according to the 
specific standards and deadlines. As a member state, Romania has transposed the WFD and 
UWWD (91/271/EEC, 98/15/EC) into national legislation (HG nr.210/2007, HG nr.188/2002, HG 
352/2005). According to Census data (http://www.insse.ro), the Romanian population on 1 January 
2014 was 19,781,410. The existing wastewater treatment plants in Romania cover only 77% of the 
total flow discharged through the public sewerage network (SOP ENV, 2007). Population 
benefiting from the sewerage service is about 11.5 million inhabitants, out of which 10.3 million 
inhabitants in the urban area (representing 90% of the urban population) and 1.15 million 
inhabitants in the rural area (10% of the rural population) (SOP ENV, 2007). 32% of population do 
not benefit of water supply or sewerage system, the majority being in the rural area. In Romania, 
1.32 million people live in villages with less than 2,000 inhabitants (http://www.insse.ro), which 
usually do not collect and treat wastewater and are not forced to do it by DEAUU in the near future 
(Wendland, 2010).  

The investments in water and wastewater infrastructure are based on the Regional Master Plans. 
Key area of intervention refers to construction of sludge treatment facilities in localities over 10,000 
p.e. (SOP ENV, 2007). Investment projects on water/wastewater infrastructure in rural localities 
with 2,000 – 10,000 equivalent population, are identified under the Regional Master Plans, but are 
not financed under the SOP Environment. The rural areas will receive Governmental support from 
local budgets and a considerable contribution is expected under the framework of The National 
Rural Development Programme in Romania (NRDP) 2014-2020 financed from EAFRD (European 
Agricultural Fund for Rural Development). The NRDP finances small-scale projects in rural 
localities below 10,000 p.e., in order to support the development of rural economy and to improve 
the living conditions of rural population. The development of very simple and cost-effective Natural 
Treatment Systems (NTS) and Constructed Wetlands (CWs), especially in small communities (e.g., 
rural and mountainous communities, airports, hospitals, schools and universities) could provide an 
effective and reliable, but also simple and inexpensive solution (Sylaios, 2013) for fulfilling 
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UWWD obligations.  
The Natural Treatment Systems (NTS) attempt to simulate the naturally occurring processes of 

wastewater degradation and contribute to the removal of pollutants. When natural systems are 
incorporated into a natural landscape or a building design, they can provide added benefits 
compared to a conventional treatment system (Sylaios, 2013).  

CWs are man-made, engineered systems designed to simulate the function of natural wetlands in 
pollutant removal. To achieve wastewater treatment, a series of physical, chemical and biological 
processes take place in CWs, based on water, soil, atmosphere (i.e., sun and wind) and micro-
organism interactions. Wetland plants play a vital role in the removal and retention of organic 
matter, nutrients, heavy metals and various toxic substances. The common reed (Phragmites 
australis) and the cattail (Typha latifolia, T. angustifolia) are good examples of marsh species that 
can effectively uptake pollutants, and therefore, are commonly used in CWs (Sylaios, 2013). 

Our GIS analyses may be applied for the prioritization of investment projects on 
water/wastewater infrastructure, e.g., Natural Treatment Systems and Constructed Wetlands 
technologies, in small rural localities within the National Rural Development Program.  

2. METHODOLOGICAL APPROACH 

The Geographical Information System (GIS) technology for producing weighted maps of the 
suitable site location of decentralized treatment plants was documented by Deepa (2012). Use of 
Data Information System (DIS) and GIS data enables user a cost effective, convenient and 
appropriate method of Detection of Wetland Site interpreted in terms of Raster Maps (Garge and 
Chaudhari, 2014). Geographic Information Systems are used in conjunction with other systems and 
methods, such as systems for decision making (DSS) and the method for multi-criteria decision 
making (MCDM) for analysis for industrial site selection (Rikalovic, 2014). 

  Our methodological approach (Figure 1) consists of the intersection of Territorial Units for 
Statistics (NUTS) maps at NUTS I-III levels, with census data in GIS environment. The aim was to 
reveal the distribution maps of communes and villages with less than 2,100 inhabitants (2,000 
persons permanent residents plus 100 persons visitors) that may have priority in implementing 
Natural Treatment System technologies, to derive spatial distribution maps of communes and 
villages within regional districts of the country and to estimate the necessary area needed for 
Natural Treatment Systems (NTS) and Constructed Wetlands (CWs).  

 

  

Figure 1. Methodological diagram for prioritizing investments in implementing NTS or CWs technologies. 
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3. RESULTS AND DISCUSSION 

3.1 Spatial distribution of communes with less than 2,100 inhabitants on regional districts 

First, we have derived distribution maps of communes and villages with less than 2,100 
inhabitants by intersecting the localities layer and census data. The spatial analyses reveal that at the 
country level, the total number of communes and villages with less than 2,100 inhabitants is 862 
and 3,608, respectively. The spatial distribution maps of these localities is shown in Figure 2.  

 

 

Figure 2. Spatial distribution of communes and villages with less than 2,100 inhabitants. 

Then, we have tried to show how communes with less than 2,100 inhabitants are spatially 
distributed at district level. The ratio was to highlight the need for implementing and planning 
investment activities at decentralized regional level. Classification was done by grouping the ratio 
between communes with less than 2,100 inhabitants to the total number of communes in a district 
into five groups of percent classes ranging from 0 to 58% (Table 1). To select the most suitable 
districts for having priority in implementing NTS and CWs technologies, we resumed on two 
groups (setting a reasonable threshold of 30% on the ratio), one with less than 29% and the second 
with more than 30% from total number of communes and villages at district level. The results show 
that Districts Cluj, Alba, Hunedoara, Caras-Severin, Mehedinti and Tulcea (Figure 3) may have 
priority in implementing NTS and CWs technologies. 

 
Table 1. District classification using ratio of communes with less than 2,100 inhabitants from the total communes of the 

district 

Ratio (%) Districts 
0 - 19 Prahova, Galati, Satu Mare, Botosani, Suceava, Neamt, Calarasi, Bacau, Iasi, Giurgiu, Dambovita 

20 - 29 Teleorman, Harghita, Brasov, Constanta, Buzau, Vaslui, Bistrita-Nasaud, Maramures, Bihor, Braila, Gorj, Arges 
30 - 39 Salaj, Sibiu, Olt, Covasna, Mures, Dolj, Valcea, Timis, Arad, Ialomita, Vrancea 
40 - 49 Mehedinti, cluj, tulcea 
50 - 58 Caras-Severin, Hunedoara, Alba 

3.2 Assessment of “priority sites” at village level 

It was assumed that sites having priority in implementing NTS and CWs technologies are 
insulated villages or insulated groups of villages, scattered within 500 m distance, named here as 
“priority sites” The priority sites were unified and classified into 5 classes. The majority of the 
priority sites were in class C1, characterized as “single insulated villages”, counting 1,207, and 
insulated group of 2 to 5 villages, class C2, counting 514 from a total of 1,790 groups of villages 
(Table 2, Figure 4).  

 

Communes Villages 
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Figure 3. District spatial classification using ratio of communes with less than 2,100 inhabitants from the total number 
of communes on district (left all five groups, right the main two groups). 

Table 2. Classification of insulated villages and insulated group of villages. 

Class Description Nr. (%) 
C1 Single insulated village 1,207 67.43 
C2 Insulated group of 2 to 5 villages 514 28.72 
C3 Insulated group of 6 to 10 villages 43 2.40 
C4 Insulated group of 11 to 15 13 0.73 
C5 Insulated group of more than 16 villages 13 0.73 

Total  1,790  
 

 

Figure 4. Number of priority sites from class C1 to C5 

For a more selective analysis in prioritizing the need for implementing NTS and CWs 
technologies, we run classification only for priority class C1, single insulated villages, counting 
1,207 sites, representing 67.43% of total priority sites. These villages have low local budget, and 
thus, cannot afford the implementation of more expensive conventional wastewater treatment 
systems.  

The classification was done using the ratio of insulated villages (class C1) from the total classes 
per district (Table 3). By generalizing classification into two groups (less than 29% and more than 
30%) “priority sites” of class C1 and by setting a reasonable threshold of 30% on the ratio, it 
resulted that Districts Timisoara, Caras-Severin, Mehedinti, Satu Mare, Maramures, Salaj, Cluj, 
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Mures, Harghita, Sibiu, Brasov, Covasna, Arges, Teleorman, Giurgiu, Calarasi, Botosani, Iasi, 
Galati, Braila, Constanta and Tulcea (Figure 5) may have priority in implementing NTS and CWs 
technologies for “priority sites” of class C1.  

 
Table 3. Percent of “priority sites “of class C1” on regional Districts. 

Ratio (%) Districts 
4 - 9 Gorj, Valcea 

10 - 19 Bacau, Prahova, Alba, Ialomita, Buzau, Suceava, Vrancea, Olt, Arad 
20 - 39 Iasi, Salaj, Mures, Maramures, Teleorman, Calarasi, Mehedinti, Dolj, Hunedoara, Bihor, Vaslui, Dambovita, 

Neamt 
40 - 59 Galati, Satu Mare, Braila, Harghita, Botosani, Arges, Bistrita-Nasaud, Cluj, Giurgiu 
60 - 98 Sibiu, Tulcea, Constanta, Timis, Brasov, Covasna, Caras-Severin 

 

 

Figure 5. Spatial distribution of the insulated villages, class C1 (left all 5 classes, right the main two groups). 

3.3 Estimation of the necessary area for constructed wetlands  

In order to assess the necessary surface area needed for constructed wetlands, it was consider 
that one person needs 5 m2 of CWs for treatment of wastewater (Sylaios, 2013). It was calculated 
that 429 ha are requested for implementing CWs technologies in all “single insulated villages” 
belonging to the “priority sites” of class C1, corresponding to a population of 0.858 million. The 
spatial distribution of the number of hectares per District for “priority sites” of class C1 is shown in 
Figure 6. 

 

Figure 6. Spatial distribution of estimated construction area (ha) per District for “priority sites” of class C1. 
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For all localities with less than 2,000 permanent inhabitants, it was estimated the requirement of 
a total construction area of 660 ha for the installation of Natural Treatments Systems treating 
wastewater and serving a rural population of 1.32 million.  

4. CONCLUSIONS 

In Romania, 1.32 million people live in villages with less than 2,000 inhabitants which usually 
do not collect and treat wastewater. The National Rural Development Program includes policies for 
investments in water and wastewater infrastructure, in order to support the development of rural 
economy and to improve the living conditions for rural population. The development of NTS and 
CWs technologies, especially in small communities, may be a practical and cost effective solution 
to treat wastewater and to fulfill in place standards and UWWD obligations. Our GIS analyses were 
done in the scope of planning investment in wastewater technologies. The results highlight spatial 
distribution maps of communes and villages that may have priority to implement such technologies 
and may help in planning investments at decentralized, regional level. We have found that from a 
total number of 3,608 villages with less than 2,100 inhabitants, about 1,790 localities are classified 
as “priority sites”. From those, the “single insulated villages” counting 1,207 were selected as “first 
priority sites”. The area needed for implementing CWs technologies on these sites is 429 ha serving 
0.858 million of inhabitants and for all localities with less than 2,000 permanent inhabitants it is 
estimated a need of total construction area of 660 ha that will treat wastewater of a rural population 
of 1.32 million.  
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