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Abstract 

 
The aim of this work was to make an enviro-hygienic (chemical and microbiological) assess-

ment for the waste water treatment systems In the VillageWaters-project partner countries. There 
are different pilots where the technological changes will be conducted during the project. There are 
two in two in Estonia (Kolgaküla and Valkla), two in Finland (Gennarby and Nurmijärvi), two in 
[ŀǘǾƛŀ ό{ǾŢǘŎƛŜƳǎ ŀƴŘ !ƛƴŀȌƛύΣ ƻƴŜ [ƛǘƘǳŀƴƛŀ ό[ŜƛǘƎƛǊƛŀƛύ ŀƴŘ ǘǿƻ ƛƴ tƻƭŀƴŘ όYǊȅƴƛŎŀ-Zdrój and 
Sokoly). 

The pollution of untreated wastewater flowing into the Gennarby, Finland wastewater 
treatment plant has been assessed by identifying the BOD7, pH value and concentrations of 
suspended materials, phosphorus and nitrogen. Accordingly, the present purification rates seem to 
meet reasonably the requirements set for the small communities of the scattered dwellings. 
Removal of organic matter (BOD ) exceeds the requirement. Reduction of total nitrogen is slightly 
below the required level. Reduction of total phosphorus is significantly lower than the requirement. 
The second pilot plant is located in southern Finland, Nurmijärvi. The results show that treatment 
of the sewage yields to almost 97% reduction in total phosphorus and nearly 79% reduction in total 
nitrogen. This indicates the efficiency of soil filtration system in the removal of nutrients and 
reduction of eutrophic waste reduction in natural waters. 

The pollution of untreated wastewater flowing into the Leitgiriai, Lithuania wastewater 
treatment plant has been assessed by identifying the BOD7, pH value and concentrations of 
suspended materials, phosphorus and nitrogen. The results have shown that during the treatment 
process the wastewater is treated inefficiently and vary: submerged materials 29ς47%, biochemical 
oxygen consumption in 7 days (BOD7 ) - 88 -95%, it means that the BDS7 value in the released 
wastewater is higher than that in the inflowing wastewater; total nitrogen (Nt) ς4 - 46%, total 
phosphorus (Pt) 2- 86 %. During the assessment it was found that the treatment of total nitrogen 
and ammonium nitrogen has changed the most (%). It was found that the values of nitrate 
nitrogen, total nitrogen, electrical conductivity were statistically significantly higher 500 m after the 
wastewater discharger than 100 m before the wastewater discharger. The differences between the 
ammonium nitrogen and total phosphorus concentrations were not significant. 

The pollution of untreatŜŘ ǿŀǎǘŜǿŀǘŜǊ ŦƭƻǿƛƴƎ ƛƴǘƻ ǘƘŜ LŘȋƪƛ-Wykno village, Sokoly, Poland 
wastewater treatment plant has been assessed by identifying the BOD7, pH value and 
concentrations of suspended materials, phosphorus and nitrogen. The suspended solids have been 
reduced by nearly 90%, the BOD5 has been reduced by nearly 86% and the amount of wastewater 
ǿŀǎ ƭŜǎǎ ǘƘŀƴ р ƳоκŘŀȅΣ ǎƻ ŀƭƭ ŎƻƴŘƛǘƛƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ tƻƭƛǎƘ άwŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ aƛƴƛǎǘŜǊ ƻŦ ǘƘŜ 
Environment from 18 November 2014 on the conditions to be met for the discharge of sewage into 
water or soil and on substances particularly harmful for the water environment " have been met. 
The results have shown that during the treatment process the wastewater is treated efficiently.  
The efficiency of natural individual domestƛŎ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ Ǉƭŀƴǘ ƛƴ LŘȋƪƛ-Wykno village in 
Poland is similar to efficiency of wastewater treatment plant in Gennarby in Finland..  The second 
Ǉƛƭƻǘ ŘƻƳŜǎǘƛŎ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ Ǉƭŀƴǘǎ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǾƛƭƭŀƎŜ ƻŦ {Ʊƻǘǿƛƴȅ ƛƴ ǘƘŜ 
municipality of Krynica-Zdrój It is a mountain region in the south of Poland. Comparing the quality 
ƻŦ ǳƴǘǊŜŀǘŜŘ ǿŀǎǘŜǿŀǘŜǊ ŎƻƳƛƴƎ ŦǊƻƳ ƘƻǳǎŜƘƻƭŘ ƛƴ {ƻƪƻƱȅ ƳǳƴƛŎƛǇŀƭƛǘȅ ŀƴŘ YǊȅƴƛŎŀ-Zdrój 
municipality you can notice that wastewater coming from household in Krynica-Zdrój is less 
ǇƻƭƭǳǘŜŘ ǘƘŜƴ ǿŀǎǘŜǿŀǘŜǊ ŎƻƳƛƴƎ ŦǊƻƳ {ƻƪƻƱȅ ƳǳƴƛŎƛǇŀƭƛǘȅΦ /ŜǊǘŀƛƴƭȅΣ ƛǘ ŘŜǇŜƴŘǎ ƻƴ Ƴŀƴȅ ŦŀŎǘƻǊǎΦ 
The wastewater is treated sufficiently ac-cording to BOD5 and suspended solids. The requirements 
contained in Regulation of the Minister of the Environment from 18 November 2014 are fulfilled. 
 
 
 
Keyewords: wastewater treatment, purification technologies, Enviro-hygienic assessment (EHA), 
nutrient, microbes 
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Abbreviations 

Agglomeration - an area where the population or economic activities are sufficiently concentrated 
for urban waste water to be collected and conducted to a waste water treatment plant or to a final 
discharge point 
BAT ς Best Avalible Technology 
Black water - Waste water and excreta from water closets excluding waste water from baths, 
show-ers, handbasins and sinks 
BOD - Mass concentration (mg/l) of dissolved oxygen consumed under specific conditions by the 
biological oxidation of organic and/or inorganic matter in water. 
BOD7-  the amount of oxygen consumed over a 7-day period 
BSAP ς Baltic Sea Action Plan 
Buried sand filter - A wastewater sand filter constructed below the surface of the ground and 
covered with earth to prevent annoyance to nearby dwellings. These filters are often used for 
disposing of septic tank effluent. 
By-product - a result from a production process that was not the primary aim of that process. 
Unlike waste, it must be able to be used afterwards. The directive allows the European Commission 
to set criteria to be met by substances so as to differentiate by-products from waste. 
Cesspool - Underground watertight tank without outflow used for collecting domestic wastewater. 
Composting dry toilet - A toilet system without water flush used for disposal of and biological 
processing of human excrement into organic compost material. 
Domestic waste water - waste water from residential settlements and services which originates 
predominantly from the human metabolism and from household activities. 
EHA - Enviro-hygienic assessment  
Eutrophication - enrichment of water by nutrients causing, among other things, an accelerated 
growth of algae which disturb the balance of water organisms and the water quality. 
EU ς European Union 
Groundwater - all water below ground surface. 
Grey water - Non-industrial wastewater generated in domestic processes, excluding human 
excrements, such as washing dishes, laundry and bathing 
HELCOM - the Baltic Marine Environment Protection Commission, known as the Helsinki 
Commission 
Industrial waste water - any waste water which is discharged from premises used for carrying on 
any trade or industry, other than domestic waste water and run-off rain water 
Inland water - ŀƭƭ ǎǘŀƴŘƛƴƎ ƻǊ ŦƭƻǿƛƴƎ ǿŀǘŜǊ ƻƴ ǘƘŜ ƭŀƴŘΩǎ ǎǳǊŦŀŎŜΦ 
IPPC ς Integrated Pollution Prevention and Control 
Leaching field - A system of open pipes in covered trenches that permits effluent from a septic tank 
to enter surrounding soil. 
MSFD - EU Marine Strategy Framework Directive 
NH4-N - Ammonium nitrogen is a measure for the amount of ammonia, a toxic pollutant often 
found in landfill leachate and in waste products, such as sewage, liquid manure and other liquid 
organic waste products. It can also be used as a measure of the health of water in natural bodies 
such as rivers or lakes, or in man-made water reservoirs. The term is used widely in waste 
treatment and water purification systems. 
Nitrate nitrogen (NO3-N) 
NPK ς Nitrogen, phosphorus, potasium fertilizers 
NO3-N - Nitrate nitrogen 
Ntot - Total nitrogen 
Oxygen (O2) 
PO4-P - Phosphate-phosphorous 
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Population equivalent (p.e.) - means the load per day with a seven-day biochemical oxygen demand 
(BOD7) of 70 g of oxygen (O2); the population equivalent is calculated on the basis of the maximum 
average weekly load per day entering the treatment plant, excluding unusual situations. 
Ptot - Total phosphorus 
RBMP ς River Basin Management Plan 
Secondary treatment - a process generally involving biological treatment. 
Sensitive areas - natural waters which are found to be or may become eutrophic in the near future 
if protective action is not taken, or those which need more advance treatment to reach compliance 
with other EU directives (e.g., the Bathing Water Directive) 
Surface water - all inland water except groundwater, transitional or coastal waters. 
Transitional waters - waters near river mouths, which are partly saline but contain substantial 
flows of freshwater. 
Urban waste water - domestic waste water or the mixture of domestic waste water with industrial 
waste water or run-off rain water 
WFD - EU Water Framework Directive 
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1. Introduction 

 
Eutrophication of Baltic Sea has led to the serious environmental problems during the last cen-

tury. One of the main contamination sources has been municipal wastewater, including wastewater 
from the small and scattered settlements. Sparsely populated areas are the third largest source of 
diffuse nutrient loads into the Baltic Sea. 

The aim of this work was to make an enviro-hygienic (chemical and microbiological) assess-
ment for the waste water treatment systems In the VillageWaters-project partner countries. There 
are different pilots where the technological changes will be conducted during the project. There are 
two in two in Estonia (Kolgaküla and Valkla), two in Finland (Gennarby and Nurmijärvi), two in Lat-
Ǿƛŀ ό{ǾŢǘŎƛŜƳǎ ŀƴŘ !ƛƴŀȌƛύΣ ƻƴŜ [ƛǘƘǳŀƴƛŀ ό[ŜƛǘƎƛǊƛŀƛύ ŀƴŘ ǘǿƻ ƛƴ tƻƭŀƴŘ όYǊȅƴƛŎŀ-Zdrój and Sokoly). 
More details in project webpage https://villagewaters.eu/Pilot_Villages_in_the_Project_769. Im-
plementations in the pilots will be conducted in periods 3-4 of the project (=spring 2017-winter 
2018). There wastewater, soil, sludge, soil, groundwater and surface water samples were taken to 
analyse some nutrients and microbial contamination from them. The aim was to find out a situation 
of waterborne emissions and other environmental impacts before and after the technological 
changes, respectively. 

The main challenge of this VillageWaters -project (Ψ²ŀǘŜǊ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǘƘŜƛǊ ǊŜŘǳŎǘƛƻƴ ƛƴ Ǿƛl-
lage communities ς villages in Baltic Sea Region as pilotsΩύ is to find out the most sustainable tech-
nological wastewater treatment solutions to decrease wastewater emissions of sparsely populated 
areas locally but also into the Baltic Sea to the level set by ongoing implementation of the forth-
coming EU water legislation. The main objective is to support the needs of households to avoid 
unnecessary investments and operating costs when shifting to improved waste water treatment 
and thus encourage them to implement new treatment systems. The work is conducted in 13 activi-
ties under four work packages in this project by 13 partners from Estonia, Finland, Latvia, Lithuania 
ŀƴŘ tƻƭŀƴŘΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ǎŎƘŜŘǳƭŜ ƛǎ мǎǘ ƻŦ aŀǊŎƘ нлмс ǳƴǘƛƭ нуǘƘ ƻŦ CŜōǊǳŀǊȅ нлмфΣ ƛƴŎƭǳding 6 
periods. The budget is about 3 million euros that is mainly funded by Interreg Baltic Sea Reagion 
(BSR). 
¢Ƙƛǎ ǊŜǇƻǊǘ м ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅ нΦп ΨCǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǎƻƭǳǘƛƻƴǎ ōȅ ǿŀǘŜǊ ŀƴŘ 

ǎƻƛƭ ŀƴŀƭȅǎŜǎΩ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ŀƴŘ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƻƴ омǎǘ ƻŦ !ǳƎǳǎǘ нлмт όǇŜǊƛƻŘ о ƻŦ ǘƘŜ ǇǊƻƧŜŎǘύΦ  
More analyses and results will be shown in the report number 2 that will be published in February 
2019. The aim of this activity is to make an enviro-hygienic (chemical and microbiological) assess-
ment for the waste water treatment systems by the pilot end-users, including the nutrient flows in 
and out of the systems. The concrete goal is to provide as comprehensive view as possible on the 
environmental hygiene in the neighborhood of the waste water treatment systems by the pilot 
end-users before and after the upgrading of the system.  
  
 

2. Methods and data sources 

 
Enviro-hygienic assessment (EHA) is used as a method of this work. EHA covers initial and up-

graded systems by the pilots, and, as far as possible, some of the present systems that potentially 
would need upgrading in each partner country. The EHA is carried out by taking water and soil 
samples before and after the upgrading of the wastewater treatment systems, and analyzing them 
for specific chemicals and microbes. EHA is applied 1) to the system itself, 2) to the immediate envi-
ronments of the systems, and 3) on the surface waters directly affected by the systems in order to 
assess their actual hygienic states, and potential enviro-hygienic impacts of the systems and system 
upgrades on the surface waters. 
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 The analysis of waste water system provides information for the assessment of the 
loading, nutrient and organic matter balances, purifying performance and results of the system, i.e.  
how well the treatment system is functioning and how well the general treatment requirements for 
BOD (=biochemical oxygen demand or dissolved oxygen), phosphorus and nitrogen are reached. 
Samples will be taken of wastewater flow into the treatment system from the use of WC, shower, 
dishwasher, washing machine and sauna, as well as of outflow wastewater, of sludge, and of soil. In 
the analyses, particular attention is paid on the soluble forms of phosphorus and nitrogen, because 
they have the fastest impact on the level of eutrophication of waters.  

 The analysis of the immediate environment of the treatment system provides infor-
mation for the assessment of the actual state, and potential impacts of the systems and system 
upgrades on the hygienic state of the immediate environments of the system. Functionality of the 
waste water treatment systems has a crucial importance in ground water preservation, as purified 
wastewaters come to contact with natural ground waters, and thus have a direct impact on their 
hygiene. Samples taken of ground waters, of the waste water outflow from the treatment system, 
and of soil of the immediate environment of the treatment system will be analyzed for determina-
tion of the presence and persistence of potential hygienic risks.  

 The analysis of the surface waters provides information for the assessment of the 
nutrient levels, and the hygienic situation in the water body the waste water is led into. Water 
samples are taken from the waters concerned and analyzed for the electrical conductivity as an 
indicator for the total dissolved salts (TDS), and  for enterobacteria, fecal Enterococci and coliformic 
bacteria (E. coli bacteria) as indicators of the hygienic state.  
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2.1.table.  Detailed sampling and analysis program for this activity is given in the table below. 

Sampled 
object 

Analysed properties Sampling posi-
tion 

Timing and amounts of sampling, e.g. 

Inflow pH, suspended solids,  
BOD7ATU, total phospho-
rus, total nitrogen, total 
flow 

-households 
outlet led to the 
wastewater 
treatment sys-
tems 

-cumulative samplings 

-the samples will be taken four times per 
year in a year before and after the prep-
arations are done when possible and 
appropriate. 

Outflow pH, alkalinity, suspended 
solids,  BOD7ATU, total 
phosphorus, soluble phos-
phorus, total nitrogen, 
ammonia nitrogen, sum of 
nitrite and nitrate nitro-
gen, total aluminium or 
total iron depending on 
precipitation chemical, 
enterobacteria coliformic 
bacteria, total flow 

-input to the soil 
filter (outlet 
from the tank) if 
it exists 

-normal, not cumulative, sampling 

-outlet from the 
treatment sys-
tem if it exists 

-The samples will be taken four times 
per year in a year before and after the 
preparations are done when possible 
and appropriate. 

  

Surface 
waters 

Electrical conductivity, 
Fecal Enterococcus and 
Escherichia coli bacterial 

-outlet to the 
sea/lake pond 

-normal, not cumulative, sampling  

-The samples will be taken two times on 
summer season before and after the 
preparations are done when possible 
and appropriate. 

Ground-
water 

enterobacteria, coliformic 
bacteria, Fecal 
Enterococcus 

-well, groundwa-
ter ba-
sin/fountain, test 
hole 

-normal, not cumulative, sampling  

-The samples will be taken once on 
summer season before and after the 
preparations are done when possible 
and appropriate. 

Soil Total phosphorus, soluble 
phosphorus, total nitro-
gen, soluble nitrogen, 
ammonia nitrogen, sum of 
nitrite and nitrate nitro-
gen, enterobacteria, coli-
formic bacteria, Escherich-
ia coli 

-every side of the 
absorption field 
(4 points, 2 
depths: 25 cm 
and 1 m) 

-normal, not cumulative, sampling  

-outskirts from 
the septic tank (2 
points, 1 depth: 
bottom level of 
the well) 

-The samples will be taken once on 
summer season before and after the 
preparations are done when possible 
and appropriate. 

Sludge Total phosphorus, soluble 
phosphorus, total nitro-
gen, soluble nitrogen, 
ammonia nitrogen, sum of 
nitrite and nitrate nitrogen 
enterobacteria, coliformic 
bacteria, Escherichia coli 

-sludge from the 
septic 
tank/bioreactor 
(5 cm from the 
bottom) 

-normal, not cumulative, sampling  

-The samples will be taken once per year 
before and after upgrade the cleaning 
system when possible and appropriate. 
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2.1. The chemical and microbiological assessment 

 

 The assessment consists of sampling and laboratory analysis of the essential chemi-
cal, physical and microbiological characteristics of in- and outflows of wastewater and sludge as 
well as soil, ground water, and surface water immediately connected to the treatment systems. 
Cumulative sample will be taken of wastewater coming from each of the normal sources, including 
use of WC, shower, sinks, dishwasher, washing machine and sauna. The sample is taken from the 
septic tank (or a corresponding part of the system), at the point of incoming waste water, from a 
large enough volume and many enough points of it to ensure the cumulative nature for the sample. 
Other samples are one-off, non-cumulative samples. All analyses are made according to compara-
ble standard methods.  

 
Water and sewage samples are taken in accordance with standards: 

Water quality - Sampling - Part 2: Guidance on sampling techniques (ISO 5667-2:1991) -  EN 25667-
2:1993 

Water quality - Sampling for microbiological analysis (ISO 19458:2006): EN ISO 19458:2006; 

Water quality - Sampling - Part 13: Guidance on sampling of sludges (ISO 5667-13:2011) - EN ISO 
5667-13:2011 

Water quality. Sampling. Part 11: Guidance on sampling of ground waters - ISO 5667-11:1993 

Water quality -- Sampling -- Part 6: Guidance on sampling of rivers and streams (ISO 5667-6:2014, 
identical) - ISO 5667-6:2014 

Water quality - Sampling - Part 9: Guidance on sampling from marine waters (ISO 5667-9:1992, 
identical) -  ISO 5667-9:1992 

 
The assessment of wastewater, surface water, ground water, ground and sludge has 

been carried out in laboratories that have national or international accreditation or laboratories 
that perform internal quality control. Analyses have been carried out using national methods 
adapted to the European ISO standards. The methods are provided in the Appendix 1. Table a. The 
results of the analyses are assessed according to the limit values established by national assess-
ment documents (Appendix 2. Table b). 

The in- and outflows and balances for the chemicals and microbes analyzed are cal-
culated based on the estimates of the gross flows (mass) entering and leaving the systems and the 
respective concentrations determined by the analyses. The purification efficiencies are calculated 
as differences between the entering and leaving N-, P- and BOD flows relative to the respective 
inflows. 

 

2.2. Samples were taken from the pilots 

 
Samples were taken from the pilots of partner countries: Estonia (Kolgaküla and Valkla), Fin-

ƭŀƴŘ όDŜƴƴŀǊōȅ ŀƴŘ bǳǊƳƛƧŅǊǾƛύΣ [ŀǘǾƛŀ ό{ǾŢǘŎƛŜƳǎ ŀƴŘ !ƛƴŀȌƛύΣ [ƛǘƘǳŀƴƛŀ ό[ŜƛǘƎƛǊƛŀƛύ ŀƴŘ tƻƭŀƴŘ 
(Krynica-Zdrój and Sokoly). There wastewater, soil, sludge, soil, groundwater and surface water 
samples were taken to analyse some nutrients and microbial contamination from them. The aim 
was to find out a situation of waterborne emissions and other environmental impacts before and 
after the technological changes, respectively. The layout diagram of the pilot villages is provided in 
Figure 2.2.1. 
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Figure 2.2.1. Layout diagram of the wastewater treatment plants in selected pilot villages 
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3.  The pilots and results 

3.1. ESTONIA 

3.1.1. Kolgaküla 

 
There is no WWTP for the village. Household sewage is mainly collected in cesspools 

ŀƴŘ Ǝǳƭƭȅ ŜƳǇǘƛŜǊ ǘǊǳŎƪǎ ǘǊŀƴǎǇƻǊǘ ƛǘ ǘƻ ŀ ²²¢t ŜƭǎŜǿƘŜǊŜΦ ¢ƘŜ ƻƴƭȅ ²²¢t ǘƘŀǘ YƻƭƎŀƪǷƭŀ ƘŀŘ ŦƻǊ 
its apartment houses is no longer working properly, and thus currently not used. These wastewater 
treatment systems were constructed at the end of the 1970s and were mainly designed for organic 
matter removal. In Kolgaküla, groundwater is unprotected or weakly protected in most of the local 
ƳǳƴƛŎƛǇŀƭƛǘȅΩǎ ǘŜǊǊƛǘƻǊȅΦ !ǎ ŦƻǊ ǎǳǊŦŀŎŜ ǿŀǘŜǊΣ ŜǳǘǊƻǇƘƛŎŀǘion is also a problem, as in Estonia overall. 
Small watercourses are especially vulnerable to wastewater. As the 1970s sewage treatment sys-
tem is outdated, the wastewater goes to oxidation ponds that were only designed for post-
treatment. The diagram of wastewater inflow into the Punsu river is provided in Figure 3.1.1.1. 
 

 
Figure 3.1.1.1. Diagram of wastewater inflow into the Punsu river 

 
The Punsu river's condition was assessed by taking samples in July, October and De-

cember of 2016, March and June of 2017, 100 meters before and 500 after the wastewater dis-
charger. The results are provided in Tables 3.1.1.1 and 3.1.1.2. 
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Table 3.1.1.1. Assessment results for the surface water in the Punsu river 100 meters before the 
wastewater discharger 

Data Limit value 2016 12 2017 03 2017 06 

Eletrical conductivity, µS/cm Not regulated 345 324 300 

Fecal Enterococcus Not regulated   9  

Escerichia coli bacterial Not regulated   91  

O2, mg/l Not regulated 13.2 13.,8 9.9 

O2, % >60 94 98 90 

pH 6-9 7.8 7.6 7.5 

SS, mg/l Not regulated 2 12 4.0 

BOD7, mgO2/l  3 1.0 3.5 2.0 

NH4, mgN/l 0.3 0.026   

NO2, mgN/l Not regulated 0.003 0.004 0.008 

NO3, mgN/l Not regulated 0.46 0.20 0.21 

TN, mg/l 3 0.59 1.14 0.29 

PO4, mgP/l Not regulated 0.051   

TP, mg/l 0.08 0.074   

Table 3.1.1.2. Assessment results for the surface water in the Punsu river 500 meters after the 
wastewater discharger 

Data Limit value 2016 12 2017 03 2017 06 

Eletrical conductivity, 
µS/cm 

 Not regulated 340 332 319 

Fecal Enterococcus  Not regulated   9  

Escerichia coli bacterial  Not regulated   120  

O2, mg/l Not regulated 12.7 13.6 9.1 

O2, % >60 91 96 82 

pH 6-9 7.85 7.65 7.5 

SS, mg/l Not regulated 3 7 5 

BOD7, mgO2/l  3 1.2 2.6 2.5 

NH4, mgN/l 0.3 0.055   

NO2, mgN/l Not regulated 0.03 0.06  

NO3, mgN/l Not regulated 0.47 0.28  

TN, mg/l 3 0.92 1.03  

PO4, mgP/l Not regulated 0.045   

TP, mg/l 0.08 0.059   
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 Electrical conductivity measurement results are provided in Figure 3.2.1.2. 
 

 
Figure 3.1.1.2. Electrical conductivity measurement results 

 
 The electrical conductivity value in December was higher than that in March. The 
electrical conductivity value in the Punsu river in December was higher 100 meters before the 
wastewater discharger, while in March it was higher 500 meters after the wastewater discharger. 
This shows that released wastewater can affect the Punsu river's water quality during the warm 
period of the year. 
 

Fecal Enterococcus measurement results are provided in Figure  3.1.1.3. 

 
Figure 3.1.1.3. Fecal Enterococcus measurement results  
 
The Fecal Enterococcus value in the Punsu river both 100 meters before and 500 me-

ters after the wastewater discharger was the same. Escerichia coli bacterial measurement results 
are provided in Figure 3.2.1.4. 
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Figure 3.1.1.4. Escerichia coli bacterial measurement results 

 
The found Escerichia coli bacterial value in the Punsu river was higher 500 meters af-

ter the wastewater discharger than 100 meters before the wastewater discharger. This shows that 
released wastewater can affect the Punsu river's water quality. 

 

3.1.2. Valkla 

 

There is no WWTP for the village. Household sewage is collected in cesspools and gul-
ly-emptier trucks transport it to the nearest WWTP. There are two apartment building areas in vil-
lage. The existing (not used) wastewater treatment systems were constructed in the end of the 
1970s and were mainly designed for organic matter removal. In Valkla village, groundwater is un-
protected or weakly protected in most of locality. Valkla creek is a salmonid waterbody and the 
mouth of the creek is a protected area. 

 The problem is the sewage treatment of two apartment buildings (40 inhabitants in 
total). After construction of the new wastewater treatment facility, the effluent will be treated ef-
fectively and discharged into Valkla creek. The diagram of wastewater inflow into the Valkla river is 
provided in Figure 3.1.2.1. 
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Figure 3.1.2.1. Diagram of wastewater inflow into the Valkla river  
 

 
The Valkla river's condition was assessed by taking samples in July, October and De-

cember of 2016, March and June of 2017, 100 meters before and 500 meters after the wastewater 
discharger. The results are provided in Tables 3.1.2.1 and 3.1.2.2. 
 

Table 3.1.2.1. Assessment results for the surface water in the Valkla river 100 meters before the 
wastewater discharger 

Data Limit value 2016 12 2017 03 2017 06 

Eletrical conductivity, µS/cm Not regulated 358 387 211 

Fecal Enterococcus Not regulated   6  

Escerichia coli bacterial Not regulated   34  

O2, mg/l Not regulated 12 12.4 9.5 

O2, % >60 86 90 92 

pH 6-9 7.7 7.75 7.9 

SS, mg/l Not regulated 3 14 6 

BOD5, mgO2/l  3 1.3 2.2 1.5 

NH4, mgN/l 0.3 0.042   

NO2, mgN/l Not regulated 0.006 0.005 < 0.003 

NO3, mgN/l Not regulated 1.49 3.37 0.17 

TN, mg/l 3 2.68 3.75 1.34 

PO4, mgP/l Not regulated 0.036   

TP 0.08 0.056   
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Table 3.1.2.2. Assessment results for the surface water in the Valkla river 500 meters after the 
wastewater discharger 

Data Limit value 2016 12 2017 03 2017 06 

Eletrical conductivity, 
µS/cm 

 Not regulated 
377 404 258 

Fecal Enterococcus  Not regulated   3  

Escerichia coli bacterial  Not regulated   17  

O2, mg/l Not regulated 12.1 12.7 9.9 

O2, % >60 88 92 96 

pH 6-9 7.7 7.85 9 

SS, mg/l Not regulated 7 12 3 

BOD5, mgO2/l  3 1.2 2.4 1.4 

NH4, mgN/l 0,3    

NO2, mgN/l Not regulated 0.004 0.007 0.005 

NO3, mgN/l Not regulated 2.06 4.13 0.55 

TN 3 3.42 3.82 1.26 

PO4, mgP/l Not regulated    

TP 0.08    

 
 Electrical conductivity measurement results are provided in Figure 3.1.2.2. 
 

 
Figure 3.1.2.2. Electrical conductivity measurement results 
 
 The electrical conductivity value in December was higher than that in March. The 
electrical conductivity value in the Punsu river in December was higher 100 meters before the 
wastewater discharger, while in March it was higher 500 meters after the wastewater discharger. 
This shows that released wastewater can affect the Punsu river's water quality during the warm 
period of the year. Fecal Enterococcus measurement results are provided in Figure 3.1.2.3. 
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Figure 3.1.2.3. Fecal Enterococcus measurement results  
 
The Fecal Enterococcus value in the Punsu river both 100 meters before and 500 me-

ters after the wastewater discharger was the same. Escerichia coli bacterial measurement results 
are provided in Figure 3.1.2.4. 
 

 
Figure 3.1.2.4. Escerichia coli bacterial measurement results 

 
The found Escerichia coli bacterial value in the Punsu river was higher 100 meters be-

fore the wastewater discharger than 500 meters after the wastewater discharger. This shows that 
released wastewater does not affect the Punsu river's water quality. 
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3.2. FINLAND 

3.2.1. Gennarby 

 
The Gennarby village was built in the first half of the 1900s around a cooperative dairy, which 

is located by Gennarbyträsk lake. Around the lake there are about ten properties. On the north side 
of the lake there is a permanent settlement and on the south side a few recreational properties, 
located there because of the lake. Agriculture is also practiced in the area. (Nowadays agriculture 
more on hobby basis, no more professional cultivation or cattle husbandry). 

The objective of the project is to construct water and sewage pipes to connect to the municipal 
system. The old, overhead powerlines will be dismantled and replaced with underground cables 
placed in the same ditch with waste water line, as are the fiber optic cables which are installed in to 
each household.  

When the electric wires are placed underground, the damage caused by thunderstorms will 
decrease. When laying down optical fiber the most expensive work is the excavation, so it is eco-
nomically sensible to carry it out in conjunction with the power cables. The scheme of wastewater 
inflow into the Gennarbyträsk lake is provided in Figure 3.2.1.1.  

 

 
Figure 3.2.1.1.  The scheme of sampling points in Gennarby.  
 

There was one single sample taken from one single sedimentation tank in use (one 
sample from inflow and one sample from the outflow). The pollution of untreated wastewater 
flowing into the Gennarby wastewater treatment plant has been assessed by identifying the BOD7, 
pH value and concentrations of suspended materials, phosphorus and nitrogen. The assessments 
were conducted in October 2016. The identified indicator values are compared with the limit values 
regulated by the " Legislation for <100 p.e. wastewater treatment plants: Change of the environ-
mental protection act 19/2017 and Government Decree on Treating Domestic Wastewater in Areas 
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Outside Sewer Networks (157/2017). According the environmental protection act 527/2014 an 
environmental permit is required in case when wastewater treatment plant treats at least 100 per-
ǎƻƴΩǎ ǿŀǎǘŜǿŀǘŜǊΦ [ƛƳƛǘ ǾŀƭǳŜǎ ŦƻǊ ǊŜŘǳŎǘƛƻƴ ŀƴŘ ŦƻǊ ƻǳǘŦƭƻǿǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǊŜ ŘŜŦƛƴŜŘ ƛƴ ŜƴǾi-
ronmental permits. Also, Governmet Decree on Urban Waste Water Treatment 888/2006, concerns 
wastewater treatment plants that have an environmental permit. The results are provided in Table 
3.2.1.1. 
 
Table 3.2.1.1.Assessment results of untreated wastewater flowing into the Gennarby wastewater 

treatment plant  

Data Limit Values 2016 10 

pH Not regulated 8.4 

Suspended solids, mg/l Not regulated 860 

BOD7 mg/l O2 Not regulated 390 

Total phosphorus mg/l Not regulated 17 

Total nitrogen mg/l  Not regulated 90 

The pollution of treated wastewater flowing into the Gennarby wastewater treat-
ment plant has been assessed by taking samples in October 2016. The identified indicator values 
are compared with the limit values regulated by the "Government Decreeon Urban Waste Water 
Treatment888/2006 (http://www.finlex.fi/en/laki/kaannokset/2006/en20060888.pdf); Govern-
ment Decree on Treating Domestic Wastewater in Areas Outside Sewer Networks (157/2017).  The 
results are provided in Table 3.2.1.2. 

Table 3.2.1.2. Assessment results of treated wastewater flowing out of the old sedi-
mentation tank (2 chambers). One single sample from one sedimentation tank. 

Data The limit value 2016 10 

pH Not regulated 7.7 

Alkalinity  Not regulated 7.6 

Suspended solids mg/l  <100 p.e. not regulated,  
җмлл ǇΦŜΦ ор ƳƎκƭ ƻǊ ǊŜŘǳŎǘƛƻƴ фл ҈Φ  
 

20 

BOD7 mg/l O2 <100 p.e. 80 % min reduction, recommended 90 
҈Φ җмлл ǇΦŜΦ мл-мр ƳƎ hіκƭ ϧ ǊŜŘǳŎǘƛƻƴ фл-95 
%. 

36 

Total phosphorus mg/l   <100 p.e. 70 % min reduction,recommended 
ур҈ Φ җмлл ǇΦŜΦ лΣол-1,0 mg P/l & reduction 90-
95 %. 

6 

Soluble phosphorus  Not regulated 5.5 

Total nitrogen mg/l  <100 p.e. 30 % min reduction,recommended 
40% . 10 000-100 000 p.e. 15 mg/l or reduction 
70  %, over 100 000 p.e. 10 mg/l.  

58 

Ammonia nitrogen mg/l ғмлл ǇΦŜΦ bƻǘ ǊŜƎǳƭŀǘŜŘΦ җмлл p.e. not regulat-
ed ς 4 mg/l & reduction 90- 95 % 

55 

Nitrates nitrogen mg/l  Not regulated <0.10 

Nitrites nitrogen mg/l  Not regulated <0.002 

Sum  of nitrate and 
nitrite nitr ogen mg/l 

Not regulated 
<0.10 

Enterobacteria  350 

Coliformic bacteria  12000 

http://www.finlex.fi/en/laki/kaannokset/2006/en20060888.pdf
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Apparent purifying efficiencies (E(M)) of the new waste water system for Gennarby 

households are presented in Table 3.2.1.3 and calculated using formula (Dauknys, 2007):  
 
 

 
 

 
Here: 

 Mo - concentration untreated waste water, mg / l; 
 M1 - the residual concentration  in  treated  wastewater  mg / l.  
 
and the values of Table 3.2.1.2 for untreated wastewater (Mo) and, respectively, values of Table 
3.2.1. 3. for treated wastewater (M1).   
 
3.2.1.3 table. The efficiency of the wastewater treatment in Gennarby, % 

Data 
Suspended 

solids 
BOD

7
 Total phosphorus 

Total nitro-
gen 

2016 10 98 91 65 36 

  
Accordingly, the present purification rates seem to meet reasonably the require-

ments set for the small communities of the scattered dwellings. Removal of organic matter (BOD ) 
exceeds the requirement. Reduction of total nitrogen is slightly below the required level. Reduction 
of total phosphorus is significantly lower than the requirement. 

The condition of the Gennarbyträsk lake was assessed by taking samples in March, 
July and August of 2016, 100 meters before and 500 meters after the wastewater discharger.  The 
identified indicator values are compared with the limit values regulated by the "The Ministry of 
{ƻŎƛŀƭ !ŦŦŀƛǊǎ ŀƴŘ IŜŀƭǘƘΩǎ ŘŜŎǊŜŜ ƻƴ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴts and supervision at public beaches 
(177/2008)". The results are provided in Tables 3.3.4 and 3. 2.1.5. 

 
Table 3. 2.1.4. Assessment results of the Gennarbyträsk lake surface water 100 meters before the 
wastewater discharger 
 

Data The limit value  2016 04 2016 07 2016 08 

Electrical conductiv-
itymS/cm 

Not  regulated 5.8 7.2 9 

Faecal Enterococcus 400 pmy/mpn/100 ml 1 88 34 

Escherichia coli bac-
terial 

1000 pmy/mpn/100 ml 0 37 4 

 
Table 3. 2.1.5. Assessment results of the Gennarbyträsk lake surface water 500 meters after the 
wastewater discharger 
 

Data The limit value  2016 04  2016 07 2016 08 

Electrical conductiv-
ity µS/cm 

Not  regulated 
5.9 6.2 10 

Faecal Enterococcus 400 pmy/mpn/100 ml 2 12 150 

Escherichia coli bac-
terial 

1000 pmy/mpn/100 ml 
3 15 490 
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Electrical conductivity measurement results provided in Figure 3.2.1.2. 
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Figure 3. 2.1.2. Electrical conductivity measurement results  
 
 The electrical conductivity value increases every month. In every month of the as-
sessment, the measured electrical conductivity value in the Gennarbyträsk Lake was higher 500 
meters after the wastewater discharger, except for the month of July. The increase in values 
ŘƻŜǎƴΩǘ ǊŜŀƭƭȅ ǘŜƭƭ ŀōƻǳǘ ǿŀǎǘŜǿŀǘŜǊ ŜŦŦŜŎǘǎΣ ōǳǘ Ƨǳǎǘ ƴƻǊƳŀƭ ǾŀǊƛŀǘƛƻƴΦ Fecal Enterococcus measu-
rement results provided in Figure 3.2.1.3.  
 

 
Figure 3. 2.1.3. Fecal Enterococcus measurement results 
 
The Fecal Enterococcus value in the Gennarbyträsk Lake was higher 500 meters after 

the wastewater discharger, except for the month of July.  This shows that released wastewater can 
affect the Gennarbyträsk lake water quality. Escerichia coli bacterial measurement results are pro-
vided in Figure 3.2.1.4. 
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3.2.1.4.Figure. Escerichia coli bacterial measurement results 

 
Escerichia coli bacterial value in the Gennarbyträsk lake was higher 500 meters after 

the wastewater discharger, except for the month of July.  This shows that released wastewater can 
affect the Gennarbyträsk lake water quality.   
  The ground water quality was assessed in August 2016, in three points. The results 
are assessed by comparing them with the limit values regulated by the Decree of the Ministry of 
Social. Affairs and Health Relating to the Quality and Monitoring of Water Intended for Human Con-
sumption (1352/2015). The results are provided in Table 3. 2.1.6. 
 
3. 2.1.6. Table. Ground water measurement results 

Data Limit value 1 point  2 point 3 point 

Fecal enterococcus 0 21 0 22 

Coliformic bacteria 0 13 8 29 

E.coli -bacteria 0 0 0 1 

 
The results shows that the ground water is microbiologically contaminated. 
 
For the determination of microbiological quality of soil at chosen wastewater treat-

ment fields, the soil quality was assessed in 4 points (on all sides of the filtration field), 25 cm deep 
and 100 cm deep. In Finland the solid quality is regulated by - Government Decree on the Assess-
ment of Soil Contamination and Remediation Needs 214/2007. Table 3. 2.1.7 shows  the soil results 
Every side of the absorption field 1-4  point 25 cm depths 

 
3. 2.1.7. Table.  Every side of the absorption field 1-4  point 25 cm depths Soil results 

Data 2016 10 2017 04 

 1 point  2 point 3 point 4 point 1 point  2 point 3 point 4 point 

Enterobacte-
ria 

2.20E+
02 

2.70E+0
2 

7.70E+
01 

1.80E+0
2 

3.30E+
02 

тΦпϵҌлн 
1.00E+0
2 

2.10E+
02 

Coliformic 
bacteria 

8.00E+
02 

7.20E+0
2 

1.00E+
02 

1.40E+0
2 

2.00E+0
2 

4.30E+0
2 

<10 <10 

Escerichia 
coli bacterial 

4.00E+
01 

<10 <10 <10 
6.80E+
01 

<10 <10 <10 

Fecal coli-
fomic bacte-

4.00E+
01 

4.00E+0
1 

<10 <10 
4,00E+
01 

1,90E+0
2 

<10 <10 
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ria 

Fecal strep-
tococci 

8.20E+0
1 

<10 <10 <10 
3,60E+
01 

4,00E+0
1 

<10 <10 

 
Enterobacteria assessment results are provided in Figure 3. 2.1.5.  
 

 
Figure 3.2.1.5. Enterobacteria assessment results 1-4  point 25 cm depths Soil result 
 
The assessment results show that the enterobacteria concentration was higher in 

2017.  The highest concentration is in point 2. Coliformic bacteria assessment results are provided 
in Figure 3. 2.1.6. 
 

 
Figure 3.2.1. 6. Coliformic bacteria assessment results 1-4  point 25 cm depths Soil result 

 

The assessment results show that the Coliformic bacteria concentration was higher in 2016.  

The highest concentration is in points 1 and 2.  Escerichia coli bacterial assessment results are 

provided in Figure 3. 2.1.7. 
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Figure 3.2.1.7. Escerichia coli bacterial assessment results 1-4  point 25 cm depths Soil result 

 

The assessment results show that the Escerichia coli bacterial concentration was higher in 2017 

in point 1. In other points the concentration is equal. Fecal colifomic bacteria assessment results 

are provided in Figure 3. 2.1. 8. 
 

 
Figure 3.2.1.8. Fecal colifomic bacteria assessment results 1-4  point 25 cm depths Soil result 

 

The assessment results show that the Fecal colifomic bacteria concentration was higher in 

2017 in point 2. In other points the concentration is equal. Fecal streptococci assessment results 

are provided in Figure 3.2.1.9. 
 

 
Figure 3.2.1.9.  Fecal streptococci assessment results 1-4 point 25 cm depths Soil result 
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The assessment results show that the Fecal streptococci concentration was higher in 
2017 in point 1, in 2016 - in point 2. In other points the concentration is equal.The soil quality was 
assessed in 4 points (on all sides of the filtration field), 100 cm deep. The soil quality in Finland is 
regulated by - Government Decree on the Assessment of Soil Contamination and Remediation 
Needs 214/2007. However, only the values of hazardous material are regulated. Table 3.2.1.8. 
shows soil results.  Every side of the absorption field 1-4  point 25 cm depths. 

 
3.2.1.8. Table.  Every side of the absorption field 1-4  point 100  cm depths Soil results 

Data 2016 10 2017 04 

 1 point  2 point 3 point 4 point 1 point  2 point 3 point 4 point 

Enterobacte-
ria 

4.50E+0
1 

<10 <10 
4.00E+1
0 

3.20E+0
1 

4.00E+0
1 

5.00E+0
1 

3.20E+0
1 

Coliformic 
bacteria 

4.00E+0
1 

4.00E+0
1 

<10 
4.00E+0
1 

<10 <10 <10 <10 

Escerichia 
coli bacterial 

<10 <10 <10 <10 <10 <10 <10 <10 

Fecal coli-
fomic bacte-
ria 

<10 <10 <10 <10 <10 <10 <10 <10 

Fecal strep-
tococci 

<10 2.7E+01 
4.00E+0
1 

5.50E+0
1 

4.00E+0
1 

<10 
4.00E+0
1 

4,00E+0
1 

 
Enterobacteria assessment results are provided in Figure 3.2.1.10.  

 
Figure 3.2.1.10. Enterobacteria assessment results 1-4  point 100  cm depths Soil results 

 

The assessment results show that the enterobacteria concentration was the highest in 2016 in 

point 4.  Coliformic bacteria assessment results are provided in Figure 3.2.1.11. 
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Figure 3.2.1.11. Coliformic bacteria assessment results 1-4  point 100  cm depths Soil results 

 
The assessment results show that the Coliformic bacteria concentration was higher 

in 2016.  The highest concentration is in points 1, 2 and 4. Escerichia coli bacterial assessment re-
sults are provided in Figure 3.2.1.12 

 

 
Figure 3.2.1.12. Escerichia coli bacterial assessment results -4  point 100  cm depths Soil results 

 
The assessment results show that the Escerichia coli bacterial concentration was 

equal in all of the points. Fecal colifomic bacteria assessment results are provided in Figure 
3.2.1.13. 
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Figure 3.2.1.13.  Fecal colifomic bacteria assessment results 1-4  point 100  cm depths Soil results 

 
The assessment results show that the Fecal colifomic bacteria concentration was 

equal in all of the points. Fecal streptococci assessment results are provided in Figure 3.2.1.14. 

 
Figure 3.2.1.14.  Fecal streptococci assessment results 1-4 point 100  cm depths Soil results 

 
The assessment results show that Fecal streptococci concentration was higher in 

2016 in point 4, in 2017 - in points 1, 3 and 4 the concentration was equal. 
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3.2.1.15 Figure.  Enterobacteria assessment results 1-4  point 25 and 100  cm depths Soil results 

 
It was found that in all of the points the Enterobacteria concentration was higher in 

25-cm-deep soil than 100-cm-deep soil, except for point 4 in October  of 2016. 
 

 
3.2.1.16 Figure. Coliformic bacteria assessment results 1-4  point 25 and 100  cm depths Soil results 

 
It was found that in all of the points the Coliformic bacteria concentration was higher 

in 25-cm-deep soil than 100-cm-deep soil. 
 

 
3.2.1.17 Figure. Escerichia coli bacterial assessment results 1-4  point 25 and 100  cm depths Soil 
results 
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It was found that in all of the points the Escerichia coli bacterial concentration was 

equal, except for point 1 ς there it was higher in 25-cm-deep soil. 
 

 
3.2.1.18. Figure. Fecal colifomic bacteria assessment results 1-4  point 25 and 100  cm depths Soil 
results 

 
It was found that in all of the points the Fecal colifomic bacteria concentration was 

equal, except for points 1 and 2 ς there it was higher in 25-cm-deep soil. 
  

 
3. 2.1. 19 Figure. Fecal streptococci assessment results 1-4  point 25 and 100  cm depths Soil re-

sults 
 
It was found that the Fecal streptococci concentration in points 1 and 2 was higher 

25-cm-deep; in points 3 and 4 it was higher in 100-cm-deep soil. It means that in points 3 and 4 the 
wastewater can have an effect. 
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3.2.2. Nurmijärvi 

 
The pilot plant is located in southern Finland, Nurmijärvi. This pilot is a project for renewal of 

one house waste water treatment system. The scheme of wastewater outflow is provided in Figure 
3.2.2.1. 

 
Figure 3.2.2.1. Nurmijärvi 
 
The house is about 300 meters from the nearest houses and the houses do not have the possi-

bility to make a joint wastewater treatment system. The old treatment system, soil filtration with 
pump has been clogged and the intention is to make similar system next to the old one. The princi-
ple of the system is to lift the waste water from the septic tanks through a pump to higher, so that 
after the filtering field the waters can be discharged to the nearby ditch. Table 3.2.2.1 shows the 
nutrient analyses in the samples taken from the sewage, sludge, clarification tank and end of outlet 
of the soil filtrated waste water.   

 
Table 3.2.2.1. Nutrient analyses in samples taken from the Nurmijärvi pilot wastewater treatment 
system. 

 
Clarification 

End of out-
let 

Sewage Sludge 

Total phosporus 17.15 mg/l 1.75 mg/l 55.05 mg/l 71.96 mg/l 

Soluble phosphorus 14.10 mg/l 1.33 mg/l 22.46 mg/l 21.31 mg/l 

Total nitrogen 132.69 mg/l 46.53 mg/l 213.87 mg/l 289.27 mg/l 

Soluble nitrogen         

Ammonia nitrogen 130.29 mg/l 13.56 mg/l 121.53 mg/l 150.87 mg/l 

Nitrates nitrogen 0.02 mg/l 26.37 mg/l 0.05 mg/l 0.04 mg/l 














































































