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Abstract. In order to comply with the Urban Wastewater Treatment Directive’s, Water Framework 
Directive’s, Helsinki Commission and Estonian National Wastewater Treatment requirements to 
reveal the wastewater pressures and impacts on the receiving water, the aim of this work was to 
develop optimal Estonian Nutrient Discharge Standards for wastewater treatment plants. 
Wastewater treatment plants treatment efficiency, total pollution load coming from different size of 
treatment plants and feasibility for stricter treatment requirements and accompanying socio-
economic impacts are evaluated with consideration of environmental benefits, brought by the 
investment. Limit values for small-scale (below 2000 population equivalent) treatment plants were 
proposed. 
 
Key words: wastewater treatment, pollution load, water quality, effluent, receiving water body, 
water service. 
 
 

1. INTRODUCTION 
 

The nature of water problems requires the integration of technical, economic, 
environmental, social and legal aspects into a coherent framework [1]. As noted 
in [2], operations (control) in the life cycle of a project must logically follow from 
planning, design and construction. It is important to keep in mind the well-known 
fact that the watershed, the receiving water body, urban wastewater treatment and 
sewer network should be considered as parts of an integrated whole. It is 
important to create balance between social, economic, technical and environ-
mental aspects [3] and to take into account different alternatives, which help to 
find an optimal solution and to answer the key question how to identify the best 
technical solution among several feasible alternatives (different ecological 
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criteria and correlation between ecology and costs must be estimated to meet the 
Water Framework Directive) [4–6]. Estonian regulations impose stricter waste-
water treatment requirements than those set by the European Council 21 May 
1991 directive 91/271/EEC for urban wastewater treatment (UWWTD). The 
UWWTD is based on the European Union integrated water policy main docu-
ment, Water Framework Directive 2000/60/EC (WFD), which establishes a 
framework for Community action in water policy to protect inland surface 
waters, transitional waters, coastal waters and groundwater and to achieve good 
status of these waters. It also promotes sustainable water use [7]. The UWWTD’s 
main goal is to protect the environment from the adverse effects of urban 
wastewater discharges and discharges from certain industrial sectors [8]. If the 
UWWTD requirements are not enough to achieve good status of water bodies 
and discharge is one of the important point-pollution source for water body, 
additional wastewater treatment will be required [9,10]. Therefore, wastewater 
treatment plants (WWTPs) treatment efficiency, total pollution load, coming 
from treatment plants of different size, and feasibility for stricter treatment 
requirements and accompanying socio-economic impacts are evaluated with 
consideration of environmental benefits, brought by the investment. In this study, 
all the WWTPs in the nitrate vulnerable zone are assessed in terms of bio-
chemical oxygen demand (BOD7), chemical oxygen demand (COD), suspended 
solids (SS), total phosphorus (TP) and total nitrogen (TN) discharge require-
ments. Estonian water bodies are very vulnerable to eutrophication due to small 
catchments area’s and low flow rate. The stream system is relatively dense; the 
network of rivers longer than 10 km is 0.23 km/km2. Most rivers are short and 
there are only 10 rivers longer than 100 km and only 13 rivers have their mean 
annual average flow over 10 m3. The total runoff of Estonian rivers in an average 
year is 11.7 km3, being only 5.5 km3 in very dry (95% probability) years. Upper 
parts of Estonian rivers are particularly poor in water and in low water periods 
the flow can be almost zero [11,12]. This situation causes problems in using rivers 
as recipients for wastewater discharge because flow of dry periods does not dilute 
wastewater sufficiently, thus highly efficient wastewater treatment is required [1]. 

Eutrophication is caused by excessive nutrients such as phosphorus and 
nitrogen in water body from either natural or anthropogenic sources. Agricultural 
chemicals, industrial, and municipal wastewater consists of organic components, 
phosphorus and nitrogen, contribute to eutrophication process. The other Baltic 
countries are also considering the problem of phosphorus and nitrogen removal 
and, therefore, several studies have investigated different methods of removing 
nutrients from wastewater [13–16]. To limit eutrophication, the HELCOM Baltic 
Sea Action Plan set stricter urban wastewater treatment requirements [17–19]. 
However, socio-economic impacts due to more stringent requirements must be 
examined to achieve satisfactory water quality. In addition, the Estonian regula-
tion requires that all investments must ensure full cost recovery and must be 
recovered through water tariffs. The optimal wastewater treatment requirement 
must be determined to achieve good status of the water body with wastewater 
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treatment cost in conformity with environmental benefits. The treatment 
efficiency of different WWTPs will be determined so that the required invest-
ments will result in the maximum efficiency in the reduction of the effluent 
pollution load. Optimal limit values for small-scale (below 2000 p.e.1) [20] 
WWTPs are also discussed during this study by using common treatment 
technologies. 
 
 

2. ASSESSMENT  OF  THE  POLLUTION  LOAD  OF  WWTPs 
 

In Estonia, WWTPs’ effluent quality requirements are regulated in the 
Regulation of the Government No. 269, 31 July 2001 under “Requirements for 
discharge of wastewater into surface water and soil”. Effluent requirements 
established in the regulation referred to above are much more stringent than those 
set in the UWWTD [21]. Although the fundamental principles of the directive 
have been adopted into the Estonian regulation, additional requirements are 
implemented due to the vulnerability of Estonian water bodies. Estonian rivers 
have commonly a low flow rate and, due to human activity, a high eutrophication 
potential. Breaking the eutrophication, one of the most important tasks of water 
authorities [22] is still the major environmental problem [23–29]. UWWTD of the 
EU merely sets the minimum requirements for wastewater discharge; wastewater 
limit values are developed based upon specific country’s situation. If stricter 
requirements are necessary to achieve the objective of other directives, member 
states have to implement more stringent requirements according to economic 
reality and socio-economic impact. In addition, financial costs to upgrade 
WWTPs shall be proportionate to the environmental benefits. To ensure sustain-
able infrastructure, the necessary expenses incurred in the operation of the system 
have to be covered with the water tariffs according to Estonian legislation. To 
make water service accessible to the general public, the public sewage system 
areas (agglomerations) are determined so that public water service price shall not 
apply more than 4% of the annual average net income of households in that  
area in Estonia. This threshold is often quoted in the range of 3%–5% of house-
hold income in OECD countries [30]. Estonian, European Union and Helsinki 
Commission regulations of effluent limit values are shown in Table 1.  

Table 1 shows that only for a WWTP with pollution load greater than 
2000 p.e. [31], a common standard to assess the compliance of WWTPs with 
requirements is  established.  National  compliance of  WWTPs were  assessed by 
the monitoring results of Järvamaa WWTPs during 2008; 83 wastewater samples 
were taken from 47 different WWTPs; 23 WWTPs or 49% were in compliance 
with the treatment requirements. 

                                                      
1  Population equivalent (p.e.) is a conventional unit of mean daily water pollution, caused by one 

person. The value of one population equivalent expressed by biochemical oxygen demand 
(BOD7) is 60 g of oxygen per day. 
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Table 1. Estonian National (EE), European Union (EU) and Helsinki Commission (HE) wastewater 
discharge criteria 
 

Legislation BOD7, 
mgO2/l 

COD, 
mgO2/l 

SS, 
mg/l 

TP, 
mgP/l 

TN, 
mgN/l 

≥ 100 000 p.e.      
EE 15 125 15 1 10 
EU 25 125 35 1 10 
HE 15 – – 0.5 10 

10 000–99 999 p.e.      
EE 15 125 15 1 15 
EU 25 125 35 2 15 
HE 15 – – 0.5 15 

2 000–9 999 p.e.      
EE 15 125 25 1.5 – 
EU 25 125 35  – – 
HE 15 – – 1   30% 

500–1 999 p.e.2      
EE 25 125 25 2 – 
EU 25 125 35  – – 
HE* 25 – – 2 35 

< 500 p.e.2      
EE 25 125 25  – – 
EU 25 125 35  – – 
HE** Alternative 1: the requirements based on emissions per capita need 

not apply where it can be shown that an on-site WWTP results in at 
most a concentration of BOD5 of 20 mg/l, Ptot 5 mg/l and TNt 
25 mg/l in the effluent of the WWTP. 

 Alternative 2: the requirements based on emissions per capita need 
not apply where it can be shown that an on-site WWTP using the 
Best Available Technology (BAT) is installed and operated so that 
the treatment results in a concentration of BOD5 of at most 40 mg/l 
and 150 mg/l COD in the effluent of the WWTP. 

———————— 
* 300–2000 p.e. 
** Less than 300 p.e. 
 
 

To set the realistic standards, the loads from WWTP effluents to receiving 
water bodies, was estimated. WWTPs effluents’ samples results were analysed in 
different water bodies. The most agricultural intensive area such as Järva county 
is used. The Nitrates Directive [32] also specified this county as a nitrate 
vulnerable zone. All water bodies in Järva county have the highest eutrophication 
potential in Estonia due to intensive agricultural activities. The impact of the 

                                                      
2  EE and EU do not establish common standards. These standards are developed taking into 

account the aim of directives and requirements given in the permits of water special use. 
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pollution load, coming from point source pollution of Järva county on water 
bodies, is analysed. 

The actual pollution loads were calculated in 2008 on the basis of the real 
flow rate of wastewater and monitoring results of wastewater influent and 
effluent. Permissible pollution loads have been calculated in 2008 on the basis of 
real flow rate of wastewater and established Estonian national limit values for 
pollution indicators (Table 1) [21,33]. The flow rates of wastewater used were 
obtained from the national database kept by the Estonian Environment Informa-
tion Centre. WWTPs with the pollution load of 2000 to 10 000 p.e., the average 
influent concentration for TN was approximately 60 mgN/l. For WWTPs of 150 
to 2 000 p.e., the influent concentration was 86 mgN/l and for WWTPs less than 
150 p.e. approximately 106 mgN/l [34]. For WWTPs less than 10 000 p.e., the 
national threshold of TN have not been set (Table 1). Since 30% of the TN 
removal is achievable if the biological treatment process functions normally and 
operates properly without enhanced nitrogen removal (such as nitrification-
denitrification process) [35] and considering HELCOM recommendation 
(Table 1), the effluent concentrations for TN are calculated as 30% reduction of 
concentration of WWTPs’ inflow (Table 2). 

The effluent TP limit value for WWTPs with the pollution load 500–2000 p.e. 
set in special water permits of 2 mgP/l (Table 1), was also decided to use for 
WWTPs with load between 300 and 500 p.e. for calculation of permissible 
pollution load. For WWTPs of smaller load, less than 300 p.e., weaker socio-
economical situation was considered in our study, thus lower limit value of 
3 mgP/l was the basis for the TP permissible load calculations. 

Compared to the UWWTD requirements, the levels would be even higher 
than the permissible pollution load illustrated in Fig. 1, because the directive 
requirements are less rigorous than the Estonian national requirements. 

Permissible pollution loads have been calculated in 2008 on the basis of the 
real flow rate of wastewater and established Estonian national limit values for 
pollution indicators (Tables 1 and 2) [21,33]. The actual pollution loads were 
calculated on the basis of the real flow rate of wastewater and the monitoring 
results of the effluent. The difference between the actual and permissible 
pollution load shows how much it is possible to reduce the total pollution load in 
conditions where all WWTPs are in compliance with the established require-
ments. 
 
Table 2. Average TN concentrations of WWTPs influent and TN limit values for WWTPs effluent 
using 30% reduction 
 

Pollution load of the 
WWTP, 

p.e. 

Average C of TN in 
influent of the WWTP,

mg/l 

Removal 
proportion, 

% 

TN limit values in 
effluent of the WWTP, 

mg/l 

2000–9999 60 30 42 
150–1999 86 30 60 
< 150 106 30 74 
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Fig. 1. Point source pollution load in Järva county in 2008, t/y. 
 
 

As Fig. 1 shows, the actual pollution load discharged to the receiving water 
bodies is smaller than the load which is in accordance with the national 
requirements of COD, TN and SS. Figure 1 also suggests that WWTP should be 
upgraded to remove TP. TP pollution load discharged to the receiving water 
bodies is higher than what is allowed according to the permissible point source 
pollution load. Among the non-compliant plants, most of them have the problems 
in removing phosphorus and organic matter. Compared to the pattern in Fig. 1 
with the average concentrations of pollutants, many non-compliant plants have 
problems with phosphorus removal but just some of plants have problems with 
removal of organic matter. High concentration or high flow rate (e.g. Roosna-
Alliku, Järva-Jaani) has a major impact on total pollutant loads.  

The HELCOM Baltic Sea Action Plan enables for removal of TN to use either 
30% of reduction or limit values in concentrations, which is for less than 
10 000 p.e. WWTPs 35 mg/l, respective total permissible load of TN is 38 t/y. 
Figure 1 shows that using reduction percentage, the quantity of TN is 47 t/y, 
which is 24% more pollution than using the concentration 35 mg/l for all WWTP 
less than 10 000 p.e. 
 
 

3. SOCIO-ECONOMIC  IMPACT  OF  NITROGEN  DISCHARGE  
STANDARDS 

 
To achieve goals set by the HELCOM recommendations [18], treatment 

requirements for less than 10 000 p.e. WWTPs by selecting either 30% of 
reduction of the TN or limit concentration of effluent to 35 mgN/l. Costs for 
nitrogen removal to achieve 35 mgN/l were estimated and are summarized in 
Table 3. In Tables 3 and 6, for investment calculations results of the project 
report [34] are used. 
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Table 3. The additional expenditure for implementing TN concentration of 35 mg/l bargain for 
existent technologies 

 

Size of WWTP, 
p.e. 

Exploitation cost for 
TN removal, 

EUR/y 

Investment cost for 
TN removal, 

EUR 

Total additional cost 
for nitrogen removal, 

EUR/y 

≥ 100 000 0 0 0 
10 000–99 999 0 0 0 
2 000–9 999 3 800–12 800 128 000 2000–8600 
500–1 999 960–3 800 43 500 2000–7000 
300–499 700–960 222 000 4500–7000 
150–299 320–700 146 000 2300–4500 
50–149 130–320 74 800 1100–2300 
10–49 30–130 34 500 260–1100  
< 10 30 8 700 260 

 
 

Table 2 shows that to achieve TN concentration of 35 mg/l, 42% of total 
nitrogen reduction rate for WWTP with the pollution load of 2000 to 10 000 p.e., 
59% for 150 to 2000 p.e. and 67% for less than 150 p.e. WWTPs is needed. 
However, such treatment efficiency can only be achieved by using tertiary treat-
ment such as nitrification and denitrification processes. To ensure the functioning 
of nitrification-denitrification processes for 2000 to 9999 p.e. WWTPs, further 
investments in technological devices and pipes, 36 500 EUR is required; 
91 500 EUR is required for tank expansion. Therefore the total capital is 
128 000 EUR per WWTP. 

According to EU rules, the amount of investments should result in pro-
portional environmental benefits. Therefore, total investment and environmental 
benefits in terms of pollution load reduction for different sizes of WWTPs are 
plotted in Fig. 2. 

 
 

 
 

Fig. 2. Pollution load of TN before and after introducing stricter limit values and additional invest-
ments. 
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Figure 2 suggests that WWTPs, discharging less pollution load to the receiv-
ing water bodies, need higher investments to achieve TN limit concentration of 
35 mg/l. WWTPs with the pollution load less than 10 000 p.e. have significantly 
higher TN load of the influent than WWTPs with pollution load more than 
10 000 p.e. Therefore, at least 40% of reduction of TN is required for WWTPs 
with the pollution load of 2000 to 10 000 p.e., and for 300 to 2000 p.e., about 
60% of reduction of TN and less than 300 p.e. up to 67% of reduction. However, 
for WWTPs with the pollution load less than 500 p.e., TN reduction, and the 
amount of investments are not comparable. The WWTPs less than 500 p.e. 
discharge to the receiving water body about 4 t TN per year, of which 1.6 t come 
from Väätsa landfill. At the same time, 3.3 millions of EUR investment will 
reduce the discharge only 2.5 t per year, which is half of the nitrogen removal for 
7000 p.e. WWTP discharge quantity of TN per year, if there is no existent 
nitrogen removal process. It should be noted that the reduction is calculated as 
maximum reduction, on condition that there is no existent nitrogen removal 
process today at all. The actual reduction of the TN pollution load may be up to 
30% less than is indicated in Fig. 2, because the existing biological treatment 
processes can remove up to 30% of TN. In Fig. 2, two bigger than 10 000 p.e. 
plants (Järva-Jaani and Paide) discharge to the receiving water body 11.3 t TN/y, 
and smaller than 10 000 p. e. plants (a total of 45 plants) form all together 
10.5 t/y. Implementation of the CTN of 35 mg/l means higher water service price 
for population. Table 4 gives an overview of the necessary additional expenses 
by implementing TN limit value of 35 mg/l and its impact on the price of water 
service to the population. 

Table 4 describes the exploitation costs entailed implementation of TN 
concentration of 35 mg/l. Based on Fig. 2 and Table 4, implementation of CTN of 
35 mg/l for WWTPs with the pollution load less than 500 p.e. would be  
 
 

Table 4. The socio-economic impact of implementing TN limit concentration of 35 mg/l 
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≥ 100 000 0 0 61 10 84       0 0 0 
10 000–99 999 2 11.30 61 15 75       0 0 11.30 
2 000–9 999 2 5.18 61 35 43 5300 0.021 2.95 
500–1 999 6 1.25 86 35 59 4500 0.025 0.51 
300–499 5 0.42 86 35 59 5800 0.35 0.17 
150–299 10 0.72 86 35 59 3500 0.38 0.29 
< 150 22 2.92* 106 35 67 1300 0.54 1.05 

———————— 
* Pollution load contains also the load of Väätsa landfill, which is 1.6 t of TN per year. 



 160

infeasible from the economical and environmental aspects. Implementation of 
CTN of 35 mg/l for WWTPs with the pollution load less than 500 p.e., the water 
service price will rise from 0.35 to 0.54 EUR/m3. At the same time, a smaller 
quantity of TN reaching the water body has a marginal importance comparing it 
to the TN total pollution load reaching the water body. Great investment 
difference for plants of different size is due to the fact that in WWTPs with the 
pollution load more than 500 p.e., the TN removal will be achievable improving 
the existing technologies, but for WWTPs less than 500 p.e. the TN level 35 mg/l 
will be possible to achieve only by constructing a new WWTP. 

In summary, the authors have an opinion that the implementation of CTN 
35 mg/l for WWTPs with the pollution load less than 10 000 p.e. is justified only 
if the concentration 35 mg/l is used for WWTPs with the pollution load between 
500 and 9999 p.e., and WWTPs between 300 and 499 p.e. are used either with 
the reduction rate of 30% or CTN of 60 mg/l, which can be achieved as a result of 
properly operated biological treatment processes without enhanced nitrogen 
removal. 
 
 

4. SOCIO-ECONOMIC  IMPACT  OF  PHOSPHORUS   
DISCHARGE  STANDARDS 

 
The HELCOM Baltic Sea Action Plan pays special attention to nutrient 

removal and the recommendations set the limit values for both, TN and TP 
concentration, to restrict the eutrophication of the Baltic Sea [17–19]. The socio-
economic impact for using stricter requirements of TP is discussed below. The 
impact assessment is based on limit values of TP, proposed by the HELCOM as 
listed in Table 5. 

Table 6 gives an overview of the expenditures to achieve the TP requirements 
for different sizes of WWTPs. 

All the additional expenditures are calculated as maximum expenditures, 
which means that the cost for implementing stricter TP requirements are 
calculated by assuming that all WWTPs with pollution load less than 2000 p.e. 
do not have phosphorus removal. For WWTPs with the pollution load less than 
2000 p.e., where the phosphorus requirement is applied already today, additional 
expenditures given in Table 6 with the stricter phosphorus requirements do not  
 
 

Table 5. Phosphorus discharge standards according to HELCOM 
recommendations 

 

Pollution load of WWTP, p.e. TP, mgP/l 

≥ 100 000 0.5 
10 000–99 999 0.5 
2 000–9 999 1 
300–1 999 2 
< 300 2 
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Table 6. The additional expenditure for implementing stricter requirements for TP for existent 
technologies 

 

Size of WWTP, 
p.e. 

Exploitation cost for 
TP removal, 

EUR/y 

Investment cost for 
TP removal, 

EUR 

Total additional cost 
for TP removal, 

EUR/y 

≥ 100 000 1500–6800 9000 5800–9600 
10 000–99 999 150–1 500 6100 1900–5800 
2 000–9 999 50–150 450 1900–2500 
500–1 999 960–4000 3200 1300–2500 
150–499 260–960 2400 1100–1300 
< 150 20–260 450  160–1100 

 
 

apply. Additionally, WWTPs with the pollution load more than 2000 p.e., the 
calculation is based on the simplification that today these plants use only 
chemical phosphorus removal. In case a WWTP has both chemical and biological 
phosphorus removal today, the considerable additional expenditures are not 
necessary with new stricter phosphorus requirements and water service price will 
increase only from 0.03 to 0.04 EUR/m3. 

For WWTPs with pollution load more than 2000 p.e., the impact is calculated 
so that the TP limit concentration will decrease by 0.5 mgP/l. Table 7 and Fig. 3 
show that the CTP is justified if pollution load of WWTP is higher than 300 p.e. 
For smaller plants, the additional costs for stricter phosphorus removal forms in 
water service price from 0.27 to 0.43 EUR/m3, while reduction of TP discharged 
to the receiving water body has no considerable influence. For WWTP with less 
than 300 p.e., no dramatic reduction of phosphorus pollution load will result. For 
the WWTPs with the pollution load between 300 and 10 000 p.e., the price of 
water service will increase from 0.04 to 0.11 EUR/m3. The additional invest-
ments need implementing stricter TP requirements and the resulting environ-
mental benefits are presented in Fig. 3. 
 
 

Table 7. Socio-economic impact of implementing stricter phosphorus discharge standards 
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≥ 100 000 0 0 13.8 0.5 7 700 0.0 0.00 
10 000–99 999 2 2.76 13.8 0.5 3 900 0.006 1.38 
2 000–9 999 2 0.48 13.8 1 2 200 0.04 0.32 
500–1 999 6 0.38 19.6 2 1 900 0.10 0.25 
300–499 5 0.15 19.6 2 770 0.11 0.07 
150–299 10 0.18 19.6 2 450 0.27 0.09 
< 150 22 0.31 22.5 2 130 0.43 0.16 
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Fig. 3. Pollution load of TP before and after introducing stricter limit values and additional invest-
ments. 
 
 

Figure 3 shows that the stricter phosphorus requirements do not lead to the 
very high investment needs. Investment need is estimated by assuming that 
WWTPs with pollution load less than 2000 p.e. have no chemical and biological 
phosphorus removal. When WWTP has chemical phosphorus removal today then 
the additional investments may not be necessary. Several studies show that 
phosphorus reduction is achievable even without any specific phosphorus 
removal strategy if the optimum dose of chemicals is used [36,37]. WWTPs with 
the pollution load 2000 p.e. or more must apply phosphorus removal according to 
the existing treatment requirements. Therefore, assessment of investments takes 
into account that these plants apply the chemical treatment of phosphorus. If 
these plants apply both chemical and biological phosphorus removal today, the 
investment needs will be up to 90% less. 
 
 

5. RECOMMENDATION  FOR  EFFLUENT  STANDARDS  
OF  WWTPs  IN  ESTONIA 

 
Actual pollution load of WWTP effluent discharged to the recipient and the 

existing treatment requirements according to the EU requirements are analysed to 
set the TN and TP standards. Different sizes of WWTP pollution load, discharged 
to the recipient, were evaluated and additional investments need and environ-
mental benefit were analysed to achieve the EU TN and TP requirements. 
Different sizes of WWTPs effluent pollution loads, discharged to the recipient, 
were assessed to determine the cumulative impact on the environment. 
Figures 4–6 present discharged TP, TN and BOD7 pollution loads to the 
receiving water bodies. 

Figure 4 shows the indicative TP limit concentrations, which are the basis for 
calculating total pollution load of phosphorus. The actual pollution load is found 
from the monitoring results and real wastewater flow rates in 2008. Permissible 
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pollution load is calculated on the basis of real flow rate of wastewater and 
established Estonian national limit values for pollution indicators (Tables 1 
and 2). WWTP over 2000 p.e. in Fig. 4 is the permissible limit of CTP 1 to 
1.5 mgP/l. For WWTP more than 10 000 p.e., the permissible limit concentration 
is 1 mgP/l and for WWTP between 2000 to 10 000 p.e. the limit concentrations is 
1.5 mgP/l (Table 1, EE wastewater discharge criteria). Greater than 10 000 p.e 
WWTPs are Paide (35 010 p.e.) and Järva-Jaani (12 000 p.e.). WWTPs between 
2000–10 000 p.e. are Türi (7632 p.e.) and Koeru (2035 p.e.). Similarly is 
calculated pollution load using the HE requirement (Table 1, HE wastewater 
discharge criteria) and on the basis of real flow rate of wastewater. 

Figure 6 shows that actual TN loads, discharged to the receiving water bodies, 
are considerably smaller than it is permitted by the existing requirements.  
 
 

 
 

Fig. 4. Actual and permissible TP pollution loads, and effluent TP load using HE requirements for 
different size WWTPs in Järva county in 2008. 
 

 

 
 

Fig. 5. Actual and permissible BOD7 pollution load and effluent BOD7 load using HE requirements 
for different size WWTP’s in Järva county in 2008. 
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Fig. 6. Actual and permissible TN pollution load and effluent TN load using HE requirements for 
different size WWTP’s in Järva county in 2008. 
7 
 
Comparing Fig. 6 to Figs 4 and 5, the balance of nutrients in sewage is not 
optimal, because the TP and organic matter is partially not removed due to the 
deficiency of nitrogen in sewage. Therefore, sewage treatment processes need to 
be improved to ensure the optimal nutrients and organic matter ratio for bacteria. 
Figs 4–6 imply that the largest pollution load is caused by WWTPs with the 
pollution load more than 2000 p.e. (in Järva county, 4 WWTPs). There are six 
WWTPs with the pollution load between 500 and 2000 p.e. and in the group less 
than 500 p.e. there are 37 WWTPs. Figures 4–6 suggest that to limit the amount 
of pollution load, all WWTPs with the pollution load more than 2000 p.e. must 
be reduced. For over 2000 p.e. plants, one WWTP causes about 0.81 t TP 
pollution load per year. Nationally water permit limits the concentration of TP 
generally for WWTPs more than 500 p.e. [33,38]. The phosphorus removal will 
also be required in the future for WWTPs between 300 and 500 p.e. [18]. For 
WWTPs below 500 p.e., TP load distribution is presented in Fig. 7. 

For WWTPs less than 500 p.e., effluent pollution load is comparable with the 
WWTPs of the size between 500 and 2000 p.e. The TP actual pollution load per  
 
 

 
 

Fig. 7. TP load distribution between different size of WWTPs below 500 p.e. 
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Table 8. New wastewater discharge standards; limit concentration, mg/l 
 

WWTP size, p.e. Pollution 
indicator < 300 300–499 500–1999 2 000–9 999 10 000–99 000 ≥ 100 000 
   BOD7 25 25 25 15 15 15 
   COD 125 125 125 125 125 125 
   SS 25 25 25 25 15 15 
   TP N/A 2 2 1         0.5      0.5 
   TN N/A 60 35 35 15 10 

 
 
one WWTP for WWTPs less than 500 p.e. is 0.01 t/y, considering the number of 
these plants, the total pollution load is 0.65 t/y. To compare the effluent pollutant 
load of WWTPs less than 2000 p.e. with those of more than 2000 p.e., the load 
from smaller than 2000 p.e. plants is very small. However, taking into account 
the amount of TP, given in Figs 4 and 7, and socioeconomic impact by imple-
menting stricter requirements for phosphorus removal and also recipients 
sensitivity of phosphorus, it is expedient to impose the TP limit concentration of 
2 mg/l for WWTPs between 300 and 2000 p.e. Also the distribution of the TP 
load between different sizes of WWTPs is taken into account, according to which 
more than 2000 p.e. WWTPs effluent load is 80% of TP load and less than 
2000 p.e. effluent form only 20% of the total pollution load. Accordingly, the TP 
reduction requirement is reasonable for WWTPs with the pollution load more 
than 300 p.e., but by assessing the amount of phosphorus pollution load the limit 
concentration for TP should not be stricter than 2 mg/l for WWTPs between 300 
and 2000 p.e. Based upon the above analysis, new wastewater discharge 
standards, developed during this study, are given in Table 8. 
 
 

6. CONCLUSIONS 
 

In Estonia, no national limit values for the effluent of WWTPs with pollution 
load less than 2000 p.e. are fixed. In this study, pollution load reduction is 
assessed according to its capital requirements and socio-economic impacts. The 
main conclusions of this study are the following. 
1. Wastewater criteria of nutrients, found during this study, are needed. The 

national standards for WWTPs with the pollution load less than 2000 p.e. 
have to be established. 

2. Given the origin of pollution and the level of investment required, WWTPs 
bigger than 2000 p.e. have to be improved to achieve existing standards. The 
pollution load bigger than 2000 p.e. WWTPs discharge to the receiving water 
bodies about 80% of the total pollution load. 

3. The WWTPs effluent TN requirement of 35 mgN/l is not appropriate for 
WWTPs below 500 p.e., taking into account the amount of investments and 
TN pollution load reduction after investments. For WWTPs with the pollution 
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load less than 500 p.e., the TN reduction and the amount of investments are 
not comparable. The WWTPs less than 500 p.e. discharge to the receiving 
water body about 4 t TN per year, of which 1.6 t come from Väätsa landfill; 
3.5 millions of EUR investment will reduce it to only 2.5 t TN per year. 
Therefore we found that this requirement would be infeasible considering 
economical and environmental aspects. Implementation of CTN of 35 mg/l for 
WWTPs with the pollution load less than 500 p.e., the water service cost will 
rise between 0.35 and 0.54 EUR/m3 while, at the same time, a smaller 
quantity of TN reaching the water body has a marginal importance comparing 
it to the TN total pollution load reaching the water body. 

4. Taking into account the socioeconomic analysis results, the stricter 
phosphorus requirements do not lead to very high investment needs. Total 
investments need is approximately 78 000 EUR in Järva county and after 
these investments the TP pollution load discharged to the environment will 
reduce about 2 t/y. Investment need was estimated during this study by 
assuming that WWTPs with pollution load less than 2000 p.e. have no 
chemical and biological phosphorus removal. If WWTP has chemical 
phosphorus removal already today, the additional investments may not be 
necessary. 

5. Implementing stricter wastewater treatment requirements means higher water 
service cost for population. At the same time, the study shows that to limit 
eutrophication, the reduction of nitrogen and phosphorus content in effluent 
discharged into a recipient must attain. Nutrient effluent standards for 
WWTPs with the pollution load more than 300 p.e. are needed for environ-
mentally and economically reasons. More stringent requirements than is 
reflected in this study would not be proportionate to the environment effect 
and does not guarantee comparable pollution load reduction to the invest-
ments for WWTPs with less than 300 p.e. Also stricter wastewater treatment 
requirements than is given in this study may cause the problems of 
accessibility of water service due to high water price. 
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Ühtsete  reovee  puhastusnormide  väljatöötamine  Eesti  
reoveepuhastitele 

 
Raili Niine, Enn Loigu ja Walter Z. Tang 

 
On vaadeldud Eesti reoveepuhastite heitvee mõju ulatust suublale ja hinnatud 

reovee puhastamisele esitatud nõuete asjakohasust. On analüüsitud 83 proovi 
tulemusi, mis on võetud 47 erinevast Järvamaa reoveepuhasti heitveest. Analüüs 
on tehtud Järvamaa reoveepuhastite näitel, sest Järvamaa suublad on reostus-
ainete suhtes eriti tundlikud, kuna tegemist on kõrge intensiivsusega põllumjan-
duspiirkonnaga. Eestis puuduvad ühtsed reovee puhastusnormid reoveepuhasti-
tele, mille reostuskoormus on alla 2000 i.e. On välja töötatud reoveepuhastite 
reostuskoormuse piirnormid kõikidele reoveepuhastitele, arvestades puhastitest 
suublasse juhitava reostuskoormuse suurust, piirnormide rakendamisega kaasne-
vat sotsiaalmajanduslikku mõju ja keskkonnakaitselist aspekti. Suurimat nega-
tiivset mõju keskkonnale avaldavad puhastid, mille reostuskoormus on suurem 
kui 2000 i.e., kuid reostuskoormuse vähendamine on oluline ka väiksemate kui 
2000 i.e. reoveepuhastite renoveerimisel ja ühtsete reoveepuhastusnormide 
rakendamisel. 

 
 


