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Summary 
 
Latvia and other Baltic States have experienced significant economical, political 
and technological changes during the last two decades. Changes have included 
a dramatic decrease in water consumption, a decrease of water pollution loads, 
rapidly increasing technological standards and changes in consumer awareness. 
The water sector has also had to adapt to new legislative and management in 
principles and reshape water infrastructure to meet the standards of the 
European Union (EU). 
 
A Water Safety Plan (WSP) is one of the strategies that will need to be used by 
the water industry in the future. It emphasizes a holistic and proactive risk 
management approach, from catchment to consumer. Risk assessment (RA) 
and Risk Management (RM) are major tools applied in the development of a 
WSP.  
 
RA/RM methodologies have been developed within the TECHNEAU programme 
and these have been applied to the Riga water supply system to begin the 
process of creating a WSP.  
 
The study was carried out over two years in co-operation between Riga Water 
and several partners from the TECHNEAU project. The partners used several of 
the analytical tools developed in TECHNEAU to collect more accurate data for 
the RA.  
 
The most important hazards have been identified and the related risks ranked  
in order of importance, taking into account the specific circumstances of Riga 
Water. This information will be used by Riga Water to define a priority list of 
interventions, that will enable the risks identified to be managed and  mitigated 
in the most cost effective way.  
 
The report consists of a main part and nine appendices. In the main part, the 
background, RA procedure and the identified risks are presented. The 
appendices include detailed results from studies carried out in Riga using 
several TECHNEAU technologies for data collection. 
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1 INTRODUCTION 
 
1.1 Background  

 
Latvia and other Baltic States have experienced significant economical, 
political and technological changes during the last two decades after the 
breakdown of the U.S.S.R1. During this period, the Baltic States had to adapt 
to new legislative and management principles in the water sector and 
reshape their water infrastructure to meet the standards of other countries 
in the European Union (EU). As a result, several issues that are less 
prominent in the “old” European countries have emerged, including a 
dramatic decrease in water consumption, a decrease of water pollution 
loads, rapidly increasing technological standards, changes in consumer 
awareness, etc. 

 
The development of Water Safety Plans (WSPs) is one of several strategies 
that will most likely be used by the water industry in the future (WHO, 
2004). It emphasises a holistic and proactive risk management approach, 
from catchment to consumer. Risk Assessment (RA), or more extensively 
Risk Management (RM), are closely linked to the development of a WSP. 
The methodologies of applying RA/RM are still under development and 
TECHNEAU is developing guidance documents on strategies and tools to 
support water utilities. Data collection is a critical step in developing a RA. 
Modern analytical technologies open possibilities of obtaining more 
accurate data, which can be used for the identification of hazards and 
evaluation of the related risks levels.  
 
The aims of the report are to demonstrate the applicability of TECHNEAU 
methos and tools for RA and the use of new “technological tools” in the 
development of a WSP for a municipal water company which supplies 
drinking water to a large city located in the Baltic States.  
 
Although companies in the Baltic States already pursue some elements of a 
WSP, e.g. protocols on how to act during natural disasters, a unified 
document, which includes complete RA/RM, is still not available.  
 

1.2 Scope of the report  
 

The study was carried out over two years in co-operation between Riga 
Water and several partners from the TECHNEAU project. The partners used 

                                                
1 A former communist country in eastern Europe and northern Asia; established in 1922; which included 
Russia and 14 other soviet socialist republics (Ukraine, Byelorussia and others); officially dissolved 31 
December 1991. 
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several of the analytical tools developed in different work packages for the 
study. The tools were applied to collect accurate and usefull data for a RA. 
The study was not intended to develop a complete WSP but rather to 
demonstrate tools that can be used in the future by companies to develop 
a WSP. Thus, the WSP developed in this study should be continuously 
revised and improved by Riga Water after the end of the TECHNEAU 
project. 
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2 METHOD FOR RISK ASSESSMENT AND EVALUATION OF 
RISKS 

 
2.1 Methodology for Risk Assessment in Riga 
 

Risk assessment (RA) is an integral part of a Water Safety Plan (WSP). The 
development of a WSP consists of the following steps (WHO, 2004): 
 

1. assembly of the team; 
2. description of the water supply system; 
3. definition of the intended use; 
4. construction of a system flow diagram; 
5. identification and prioritisation of hazards; 
6. identification of control measures; 
7. setting of critical limits; 
8. establishment of monitoring; 
9. establishment of corrective actions; 
10. establishment of validation and verification; 
11. establishment of record keeping. 

 
The TECHNEAU guidelines to support the implementation of a WSP were 
used in a revised form in this study (TECHNEAU, 2007a). In this report, the 
work undertaken on the first five steps is presented.  Steps 6 to 9 are made 
merely as preliminary suggestions and these are addressed in Deliverable 
D7.5.4. (Risk reduction in the Riga water supply by application of modeling 
tools, pathogen control and turbidity reduction) Steps 10 and 11 are long-
term processes which should be implemented by the end-user. To 
implement the steps listed above, the risk management framework shown in 
Figure 1 was followed. This report presents the Risk Analyses part. 
 
Risk managment (RM) consists of three main steps as shown in Figure 1: risk 
analysis, risk evaluation and risk reduction/control (TECHNEAU, 2007a). 
While RM refers to the overall process the two first steps, riska analysis and 
risk evaluation, toghter constitute RA. This report presents parts of the two 
first steps but only parts of the risk evaluation step are considered. 
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Figure 1: The main components of the TECHNEAU generic framework for integrated risk 
management in WSP. 
 
RM consists of three different levels (TECHNEAU, 2007b) (Figure 1). The first 
level is Risk Analysis, which consists of scope definition, hazard identification 
and risk estimation. The risk estimation can be either qualitative or 
quantitative. Risk analysis can be summarised by three questions (IEC, 1995): 
 

 What can go wrong? (identification of the hazardous event) 
 How likely is this to happen? (quantifying the probability of the event 

occurring) 
 What are the consequences? (qualifying the possible damage the event 

may cause) 
 
There are many ways in which the risks can be quantitatively or qualitatively 
ranked to provide a prioritisation list. One possibility is to rank the risks using a 
risk matrix. This approach was used in this study. The method is easy-to-use 
and allows evaluation of risks even if available data are not always precise. The 
most common ranking system in use is that proposed by World Health 
Organization (WHO) (WHO, 2005) ( 

Figure 2): 
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Figure 2: Risk matrix proposed by WHO (WHO, 2005; in Generic framework, D 4.1.3) 

 
According to this method, each risk is assigned a category (risk level) from low 
to extreme depending on the likelihood and the severity of the consequence. 
The definitions of “likelihood” and “severity” are given in Figure 3 (WHO, 2005, 
based on AS/NZS, 1999, in “Generic framework, D4.1.3”, page 29). 
 

 
 
Figure 3: Example of likelihood and severity categories for the application of a risk matrix 
(WHO, 2005) 
 
In this study, the approach used by WHO was slightly modified to better fit the 
specific situation of the Riga Case Study. The “major” consequence category 
was deemed to be too general, e.g. consequences leading to a disease can have 
several degrees of impact on human health. Thus, this category was divided 
into two parts: minor consequences on human health (“considerable”) and 
major consequences on human health (“major”). The “insignificant” category 
was removed, since “no detectable impact” was not considered relevant for the 
risk assessment of the Riga Water supply. 
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The “severity categories” listed in Figure 3 only consider water quality and not 
water quantity. Lack of water was considered relevant and important to include 
when analysing risks to the water supply in Riga. Thus, this has been added in 
this case. The severity of this type of event can be considered either to have 
“moderate” consequences – due to the definition that there can be a 
“possibility of using alternative but unsafe water sources” – or “considerable” 
consequences – due to the fact that the use of alternative sources of water is 
not “possible”, as defined in the TECHNEAU guidelines (TECHNEAU, 2007a) but 
mandatory2. Thus, a more effective definition of consequences was chosen in 
the Riga case. Moreover, a distinction between a lack of water in a small part of 
the network and in a larger part of the network has been made, since the 
consequences for the consumers are different. For these reasons, these events 
lead respectively to moderate consequences (for short lasting lack of water), 
considerable consequences (for long lasting lack of water in small areas), and 
major consequences (for long lasting lack of water in bigger areas). A lack of 
pressure may lead to reduced, but not interrupted, water supply. As this does 
not lead to any serious consequence, but merely influences the choice of the 
consumer (the water is still available, just the flow is reduced), this can lead to a 
“minor” effect. 
 
The frequency (likelihood) scale has also been adjusted since the suggested 
scale used in the WHO approach was not considered suitable in the Riga case. 
The “rare” category is too general and it can include too many events that can 
occur with very various frequencies. Furthermore, the “almost certain” and 
“likely” categories are used just in some particular cases. Thus, a revision of the 
likelihood categories was made. The risk matrix was also revised, with respect 
to the categorisation of risk levels. The new likelihood and severity tables and 
the new risk matrix used in the Riga case are presented in Table 1 and Table 2, 
while a more detailed ranking is shown in Table 3. Detailed explanations of 
classes and acceptability are presented in the following paragraphs. 
 

                                                
2 The guideline says the consumer can “possibly” use another source of water, but in the case of 
a lack of water, the use of alternative sources is mandatory, so the chosen category has to be 
stronger  than “moderate” consequence, because the effect doesn’t completely fit with the 
definition of the guidelines. 
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Table 1: Revised definitions of likelihood and severity consequences. 
 

 
 

Table 2: Revised Risk Matrix with related grade of risk. 
 

 

                                                
3 Related risks= the risks that can lead from the severity of consequence. 

Item Definition 
Likelihood categories 

Almost certain Once a month or more often 
Likely Once a month to once a year 
Moderate Once a year to once every 5 years 
Unlikely Once every 5 years to once every 20 years 
Rare More seldom than once every 20 years (once in a lifetime) 

Severity of consequences categories 
Catastrophic Quality issue: mortality expected from consuming water. 

Related risk3: serious health effects. 
Major Quality issue: morbidity expected from consuming water.  

Related risks: - relevant health effects. 
 - chronic effects. 
Quantity issue: long-lasting lack of water for a relevant part of the 

network. 
Related risk: - long lasting lack of water (total). 

Considerable Quality issue: minor morbidity expected from consuming water. 
Related risk: - minor health effects. 
Quantity issue: long-lasting lack of water for a minor part of the 

network. 
Related risk: - long lasting lack of water (partial) 

Moderate Quality issue: major aesthetic impact possibly resulting in the use of 
alternative but unsafe water sources. Influence on pipes (e.g. 
corrosion). 

Related risk: - decreased water quality. 
Quantity issue: short-lasting lack of water (hours). 
Related risk: - short lasting lack of water. 

Minor Quality issue: minor aesthetic impact causing dissatisfaction but not 
likely to lead to the use of alternative less safe sources. 

Quantity issue: reduced water flux (lack of pressure). 
Related risk: - reduced water flux. 

Severity of consequences Likelihood 

Minor Moderate Considerable Major  Catastrophic 

Almost certain M H E E E 
Likely M M H E E 

Moderate L M H H E 

Unlikely L L M H E 

Rare L L M M H 
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Table 3: Revised risk matrix with a ranking of risks (higher mark= higher risk). 
Severity of consequences Likelihood 

Minor Moderate Considerable Major  Catastrophic 

Almost certain 11 16 20 23 25 

Likely 7 12 17 21 24 

Moderate 4 8 13 18 22 

Unlikely 2 5 9 14 19 

Rare 1 3 6 10 15 

 
The acceptability of the risks was adapted from the risk matrix suggested by 
WHO ( 

Figure 2). The main acceptability levels were maintained, changing some others 
and making additional considerations. The table follows the As Low As 
Reasonably Practicable (ALARP) principles (Mechlers, 2001) (see Figure 4): 

 Red area in the risk matrix: Unacceptable risk according to the ALARP 
scheme – “the risk cannot be accepted under any circumstances” – so 
corrective actions are needed. 
 Orange and yellow areas in the risk matrix: This region is the area in 
which interventions can be made to ensure adequate reductions of the risk, 
but only if suitable actions are possible and this may depend on the costs, 
benefits and the financial resources of the water company. Since this area is 
quite dependent on the financial situation, a further limit has been set in tis 
study, dividing this area into a part that needs more attention (orange) and a 
part that needs less attention (yellow). This division gives an additional 
suggestion about where and when the possible corrective actions are 
required. 
 Green area in the risk matrix: This represents acceptable risks, so no 
particular interventions are required.  
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Figure 4: The ALARP (as low as reasonably practicable) principle (Melchers, 2001). 
 
Several criteria for establishing classes and acceptability levels were used, 
mainly following the principles of the risk matrix of WHO (AS/NZS). Since some 
classes have been added and the definition of some others have been changed, 
the rank of the risks and the acceptability has changed as well. The differences 
with the previous classification are: 

 Category on position 7: in the previous matrix the risk was set as “low”; 
in this case, it has been set as “medium”; 
 Position 19: previously set as “high”, now as “extreme”; 
 Position 21: previously set as “high”, now as “extreme”. 
 

These changes have been made to let an increasing order be on every diagonal 
of the matrix (e.g. cell from 16 to 19 goes from “high” to “extreme”; cell from 
20 to 22 previously would have gone from “extreme” (cell 20), to “high” (cell 
21) and back to “extreme” (cell 22), now it just belongs to the “extreme” 
category). This is to give priority to consequences rather than to frequencies. 
For this reason, it can also be seen that the risks in the matrix are asymmetric 
(they go downwards, not strictly following diagonals). Classes based on 
frequencies that previously did not exist (new definitions of “unlikely” and 
“rare”) have been defined following these principles as well. 

It is important to note that risk assessment requires periodic revision, at least 
every time water supply facilities and organisation structures change 
significantly. This is because new risks or new corrective actions may be 
generated as soon as the situation changes, consequently, the list of identified 
hazards and the assessed likelihoods and consequences have to be updated. 
The different grades of risk have to be set and ranked in order to evaluate the 
priority of interventions required. 
 
2.2 Prioritisations of risks and ranking of interventions 
 
As the final aim of the analysis is to establish a priority of interventions on Riga 
Water Supply System, it has been necessary to make a classifying for the 
possible interventions. This order of priority has been chosen through the 
point-assignment method (Table 4) the ranking of risks was made. For this 
ranking, no combinations of likelihood and consequence have the same grade 
of risk. The order has been determined by first considering the class of risk (low, 
medium, high and extreme) and then, in the same class, the severity of the 
consequence has been the main criterion for establishing the grade of priority. 
Finally, the likelihood has been considered. Practically, this ranking is equivalent 
to going through the risk matrix from the upper right diagonal cell to the lower 
left cell. When there are hazards generating the same grade of risk, priority is 
given to the hazard(s) that generate more than one risk and, if the number of 
risks is the same, to the hazards(s) that give the lowest sum. This allows 
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effective corrective action to be made on events that can cause several 
problems. 

 
Table 4: List of priorities of interventions established by the risk matrix. 
 

Severity of consequences Likelihood 

Minor Moderate Considerable Major  Catastrophic 

Almost certain 15 10 6 3 1 

Likely 19 14 9 5 2 

Moderate 22 18 13 8 4 

Unlikely 24 21 17 12 7 

Rare 25 23 20 16 11 
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3 SYSTEM DESCRIPTION 
 
3.1 Latvia - geographical and political state 

 
The Baltic States (Balticum) 
(Figure 5) are referred to as 
Estonia, Latvia, and Lithuania. In 
the Cold War context, the three 
Baltic States were considered a 
part of Eastern Europe. Latvia 
regained independence from 
U.S.S.R. in 1991. The political 
and economical situation can be 
characterised by the transition 
from state planned to the free 
market economy, with a 
parliamentary republic with 
strong right wing policies. Latvia 
joined EU and NATO in 2004, 
and showed constant GDP 
(gross domestic product) 
growth (5-7 % per year) until 
2009. The economy is widely 
dependent on the service sector 
(roughly 60% of the workers), 
while 15% of the workers are 

employed in agriculture and 
25% in the industrial sector. 
 
  

 
 
Figure 5: Map of the Baltic States and 
neighbouring countries

 
3.2 Groundwater and surface resources in Latvia 
 

The availability of water resources in Latvia significantly exceeds the total 
demand from domestic, agricultural and industrial use4 (surface water 33-
35,000 m3, groundwater 1.4 million m3/day). Groundwater alone exceeds 
the water intake by about four times and fully meets the demand for water. 
Thus, no risks related to “natural” lack of water are relevant at present. 
  
The highest risks are related to water quality. About 55% of the raw water 
that runs though the country into the Baltic Sea originates outside of the 
Latvian borders. Thus, the implementation (should be finalised by 2015) of 
the Water Framework Directive (WFD)5 is of paramount importance. 
According to WFD, four catchments are identified in Latvia: Daugava, Gauja, 
Venta and Lielupe. The Daugava River is used for water supply in Riga. The 
catchments of Daugava drain around 42% of the Latvian territory (Figure 6). 

                                                
4 Valsts vides politikas pamatnostādnes; http://www.politika.lv/index.php?id=15564 
5 http://ec.europa.eu/environment/water/water-framework/index_en.html 
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Figure 6: Entire catchments of Daugava River (a) and its part in the territory of Latvia (b) 
 
Several industries including food, textile, and wood processing are located 
in the catchments of the Daugava River. The river is also used for hydro-
electrical energy production (using three dams built on the river). According 
to previous studies, the major risks for the Daugava River are related to 
cross border pollution, local pollution from cities disposing sewage, flooding 
due to the presence of small hydro-electrical stations on rivers in the 
catchment areas, and pollution from disperse sources such as pesticide 
storage. 
 

3.3 The ecological state of surface waters 
 

Conditions of the inland waters have slightly improved since 1991. In recent 
years in Latvia, there has been decreasing industrial and agricultural 
activities, provision of better sewerage systems and wastewater treatment 
plants and implementation of GAP (Good Agricultural Practice). For this 
reason, at least theoretically, groundwater appears to be more protected 
from polluting events. However, in spite of this, nutrients in surface raw 
water are unlikely to have decreased significantly (Stålnacke et al., 2003). 
The main reason for this stagnant trend is most likely the fact that nutrients 
are still held by soil and they are just slowly (and quite regularly) flushed by 
natural events. A marked trend in the decreasing of nutrients in rivers is 
expected to occur in the future. 
 

3.4 Raw water sources 
 
The Daugava River is one of the main sources of drinking water production 
for Riga. This source can be easily exposed to pollution sources from many 
of the industrial activities in the catchments. The Daugava River water is 
also used for electrical power production. In fact, the 3 major Latvian power 
plants, and another 44 minor power plants (39 working nowadays) are sited 
within the Daugava catchments. Other activities, such as fishing and 
tourism are situated here as well. Another important surface water supply 
is Lake Mazais Baltezers, which is used as an artificial recharge of 
groundwater by Riga Water. 

a                                                                   b 
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3.5 Groundwater sources 
 

The groundwater source is estimated to be enough for centralised water 
supply. To protect these sites, protective zones around the water intake are 
established. Most water quality problems are from shallow private wells, 
which in most cases are not protected from local pollution. In general, 
groundwater contains a high concentration of iron, but in some regions 
sulfates, manganese, ammonia, chlorides and arsenic are at levels 
exceeding the maximum allowed values (Gosk et al., 2007). In some areas 
the risk of pollution from disperse sources (landfills, pesticide storages) 
exists. 
 

3.6 Wastewater treatment 
 
Currently the country is in a process of transition to comply with Council 
Directive 91/271/EEC and other EU legislation in the wastewater and water 
sectors. The deadlines for full compliance are dependent on the size of the 
urban areas. All wastewater treatment plants should meet the directives by 
31st of December 2015. 
 

3.7 Case study of Riga – water supply 
 

Riga is supplied from both surface (~50%) and groundwater sources (~50%) 
(Figure 7). The Daugava River is used as a surface water source. Water is 
abstracted from Riga power plant dam (Riga HES) and pumped to the 
Daugava Water Treatment Plant (WTP) through two 14 km long pipes. 
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Figure 7: Water network in Riga and the percentage of water provided by different supplies. 
(Suknustacija: pumping station; rezervuars: reservoir) 
 

The water treatment at the Daugava plant mainly consists of coagulation, 
rapid filtration, ozonation, biofiltration and final disinfection (Figure 8). 
Drinking water from Daugava WTP is pumped to the drinking water 
distribution network and this is mainly supplying the city on the left bank of 
the River Daugava. 
 

 
Figure 8: Treatment steps at Daugava WTP. Legend:  red - new reactors; blue - renewed 
reactors; black - existing devices. 
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For groundwater abstraction, five major plants are used, these being 
Baltezers, Baltezers-1, Baltezers-2, Rembergi and Zakumuiza. Water is taken 
from groundwater sources through 50 m deep boreholes located in a 
protected aquifer. The Baltezers and Baltezers-2 groundwater sources are 
artificially recharged from Lake Mazais Baltezers by infiltration through 
basins (Figure 9). Since the groundwater is of a good quality, just 
chlorination is required. No additional treatment is necessary.  The 
groundwater mainly supplies the part of the city on the right side of the 
Daugava River (Figure 7). 
 

 
Figure 9: Water uptake system in Baltezers area and scheme of artificial recharge. 

 
Nowadays, the total water consumption in Riga is around 150,000 m3/day. 
The consumption used to be twice this figure, but in the 1990s after 
implementation of water saving policies (e.g. installation of water meters), 
drinking water consumption in Riga started to decrease (Figure 10). Physical 
losses and unaccounted water at service pipe level contributes to great 
discrepancies (about 40%) between the water produced and the water 
consumed. 
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Figure 10: Table on water consumption in Riga from 1994 to 2006 (thousands cubic meters 
per year). The demand for water has more than halved in 7 years (1994-2001). 
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3.8 Case study of Riga – water distribution system 
 

Riga Water is responsible for the supply of water up to the water meter on 
the building, the building walls or the building plot border. The length of 
the water supply system is approximately 1300 km and the network length 
is due to increase. The major pipe materials are cast iron, steel and, 
occasionally, concrete. Historically, the development of the network can be 
related to three different periods (Rigas Udens, personal communication):  

 1864-1915: 200 km of the oldest part of the network. The old pipes 
are located in the city centre and they still are in good condition; 

 1915-Second World War: extension of the pre-existing system; no 
particular problems are reported; 

 Since the Second World War: (network built during Soviet 
occupation). The main problems relate to the network built during 
this period. This is mainly due to the low quality of work and the 
materials used for the network construction. 

 
3.9 Case study of Riga – treatment plant 
 

Daugava WTP was built in 1972 and reconstructed in 2001. Nowadays, the 
treatment consists of several steps: preozonation, coagulation with 
aluminum sulfate, flocculation and sedimentation, an optional pH 
adjustment, rapid filtration, ozonation and optional pH adjustment 
(alternative to the first optional one), second stage of biological filtration, 
pH adjustment, chlorination and storage in treated water reservoirs. There 
are two parallel lines, which can operate independently. The overall plant 
treatment capacity is oversized compared to the normal demand and one 
line is able to provide for normal demand, but this would not provide any 
headroom. Electrical supplies are doubled, and the plant has independent 
generators to allow continuous working in case of a lack of power. 
 
The following parameters are monitored at the plant: pH, colour and 
turbidity of incoming water; turbidity after sedimentation; pH and turbidity 
after first filtration; residual ozone after ozonation; pH after second stage 
of biological filtration; turbidity, aluminum, pH, colour and residual chlorine 
after chlorination. Some more measurements are made once a day on the 
incoming and outgoing water. Chlorine, coagulant and flocculant dosages 
are controlled through the measurement of flow (the dose is controlled to 
have a definite concentration in the water). Ozone dosage is constant. 
Dosage parameters are usually changed seasonally. This is because the 
different climatic conditions lead to seasonal changes in raw water, 
especially concerning organic load and runoff products. 
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During the reconstruction, a multi-barrier principle was introduced. Now, 
two-stage ozonation is used. The risk of pathogen intrusion throughout the 
treatment has been reduced. However, after commissioning of the plant 
the following shortcomings were observed: 

- natural organic carbon was not efficiently removed during 
the biofiltration step; 

- decarbonisation with air purging was not finalised, as a 
result, the pH of the water was low (in some cases < 6.5); 

- disposal of sludge dewatering water was not solved (a 
project for extending sewerage networks to the plant is now 
underway); 

- the removal efficiency for new types of pollution, e.g. 
endocrine disrupting chemicals (EDCs) and algal toxins, was 
not known. 

 
3.10 Existing monitoring system for Riga water supplies 

 
Water quality throughout the network in Riga is monitored by three 
different institutions (situation as of 2008):  
 The Health Agency periodically monitors water quality in order to check 

against the regulations,  
 Riga Water undertakes self-monitoring, 
 The Food Agency that provides detailed data for a wider range of 

compounds (e.g. emerging contaminants).  
 
The Health Agency monitors 13 parameters after water reservoir cleaning 
and disinfection (twice a year). These parameters are odour, colour, 
turbidity, total residual chlorine, conductivity, iron, ammonia, oxidability, 
pH, coliforms, Escherichia coli, enterococcus and Clostridium perfrigens, 
and spores. 
The Health Agency also monitors 42 points of the network for  aluminum, 
ammonia, turbidity, taste, colour, odour, conductivity, pH, total coliforms, 
clostridium, observed spores and chemical oxygen demand (COD); 
although aluminum, spores and clostridium are not monitored at three of 
these points.  
Riga Water’s self-monitoring is for 28 parameters are monitored at 
different points of the water distribution network (from 2 points for trace 
elements to 21 points for iron and manganese) and at different frequencies 
(from every working day for physical and chemical parameters to once a 
year for trace elements). In the self-monitoring system, analysis of Daugava 
water quality is included. Twenty-one parameters are monitored, with a 
frequency ranging from daily (for total residual chlorine) to yearly (for 
some trace elements). The third self-monitoring is carried out for Baltezers 
groundwater (Pazemes) where twenty-two parameters are checked. The 
frequency of checking is more or less the same as for Daugava.  
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The Health Agency also checks several parameters at random sample 
points including pH, turbidity, TOC, triahalomethanes, iron, chlorine, 
cyanides, ammonia, sulfates, arsenic, coliforms, fecal streptococcus, 
Escherichia coli and Clostridium perfrigens, and radioactivity. In the last 
year (2008), 83 samples were taken and analysed (18 of them for chemical 
and physical parameters).  
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4 IDENTIFICATION OF HAZARDS 
 

4.1 System flow diagram 
 

The system flow diagram (Figure 11) outlines the main features for water 
supply in Riga. The elements of this diagram were examined during the RA part 
of this case study. The following parts are included: water catchment (mainly in 
Daugava and Baltezers), infiltration, treatment, reservoirs and pumps, transport 
and distribution, internal piping and consumers. For the RA, organisation and 
future hazards were also included. It was decided that all the elements of 
Figure 11 would be included in this risk assessment with the exception of 
internal piping and consumers; Riga Water is not responsible for the decrease 
in water quality due to internal piping (which is often in a very bad condition) 
and the actions of consumers and the water company can make no corrective 
actions. This is an unsolved problem to date, as European regulations require 
that water companies ensure good water quality “from source to tap”. Riga 
Water has to strive to provide water with good chemical and biological 
composition in order to avoid excessive decreases in water quality due to 
internal piping (e.g. controlled pH) and make consumers aware of the risks 
caused by the poor condition of internal piping systems.   

 
4.2 Identification of hazards 
 
In a preliminary draft RA made together with Riga Water, all of the possible 
hazards included in the TECHNEAU hazard database (TECHNEAU, 2007b) were 
used, and 41 hazards (Table 5) were identified as being relevant amongst a list 
of over 700 hazards. These hazards have been divided into four major groups: 
water quality, water quantity, external factors and safety. The hazards were 
revised by adding or removing comments where necessary, providing a 
classification of the risks, thus allowing the further step of defining proper (and 
effective) corrective actions. As complete data for RA were not available, the 
necessity of further analysis was highlighted. The developments made after the 
preliminary draft are named as “further works”.  
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Table 5. List of hazards and preliminary screening 

1. Daugava with  

    river catchment 

2. Baltic Sea to lake 
M. Baltezers 

4. Groundwater 

 

3. Infiltration 

      5. Treatment 

   6. Reservoirs and 

        pumps                

   7. Transport and 

       distribution 

    8. Internal piping 

    9. Consumer     

    10. Organization        11. Future hazards    

Figure 11: System flow diagram for Riga water supply. Features that can be controlled by Riga 
Water are shown in the dashed red box. 
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Table 5: List of hazards identified for Riga Water  

System Hazard description   
Type of hazardous 
event 

Type of hazard 

1.1.1 

Constant contamination with endocrine system disruptors.  
River Daugava is the only surface water source in Latvia used for 
centralised drinking water processing. There are no data about 
new types of contamination (endocrine disruptors such as 
antibiotics, pharmaceuticals, pesticides, etc.); however, pesticides 
and chlororganic substances have been analysed in fish (Valters, 
20016). It was established that the concentrations of dioxins, PCP, 
DDD and DDT do not exceed those observed in Sweden. Excessive 
use of antibiotics has been observed in Latvian hospitals7, which 
may lead to elevated concentration of these substances in hospital 
effluents and source water. 
Further work: Evaluation of algal toxins (TZW) and endocrine 
system disruptors (BDS) has been carried out. 
For BDS research, activities were detected in all of the samples 
except the ones for drinking water. Estrogenic, progestagenic and 
androgenic activities were found in hospital and pharmaceutical 
effluents. 

E C 

1.1.2 

Sporadic chemical contamination in the River Daugava basin.  
The contamination of the Daugava riverhead with crude oil 
products (e.g. the Novopolotsk accident in 2007) endangers the 
water intake from the Riga Hydroelectric station. Currently there is 
no model available that can forecast the hazard of contamination 
at the intake with crude oil products, pesticides or other chemical 
contamination. Thus, in the case of a serious accident, the Daugava 
surface water treatment plant would have to be shut down, which 
would result in a part of Riga where the inhabitants would be left 
without water (the groundwater water plants are capable of only 
partially providing the city with water).  
Further work: A fish biomonitor ToxProtect64 (BBE) has been 
installed at the intake on the River Daugava. A case of fish 
intoxication was detected after maintenance work on the dam, 
even when conventional analysis did not detect any anomaly in the 
place. The possibility of pollution is proved to occur under certain 
conditions. 

E C 

1.1.3 
Disrupted or suspended water intake from Riga HES in the event 
of dam damage.  
The dam may become damaged because of a traffic accident.  

E C, U 

1.1.4 

Microbiological contamination. 
The systems for rain and municipal water collection and treatment 
are combined at the riverhead area. Many new sewage treatment 
facilities are being built. Many of them have not been planned 
correctly or are being operated incorrectly. As a result, fecal 
pollution may enter the River Daugava under certain conditions.  
Further work: A fish biomonitor ToxProtect64 (BBE) has been 
installed at the intake on the River Daugava. A case of fish 
intoxication was detected after maintenance work on the dam, 
even when conventional analysis did not detect any anomaly in the 
place. The possibility of pollution is proved to occur under certain 
conditions. 

E, D B,C 

1.1.5 Water intake from HES disrupted by ice sludge.  E B,C 

                                                
6 K. Valters (2001) Assessment of organochlorine contamination in the aquatic environment of Latvia with pech and 
heron as biomarkers. Doctoral Thesis, Dep. of Environmental Chemistry, Stockholm University. 

7 Pujate et al 2003. Prevalence Study on Antimicrobial use and hospital infection in Latvia, 2003. 
http://www.epinorth.org/ 
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Water transport to the “Daugava” water treatment plant may be 
interrupted by blocked water intake systems in the springtime 
when the ice begins to melt at the riverhead.  

1.1.6 

Contamination by agricultural fertilisers.  
Despite agricultural activities having diminished in recent years, 
there is still a risk that fertilisers may contaminate the river water. 
Nitrogen and phosphorus are also connected to eutrophication.  

E B,C 

1.1.7 

HES water basin contamination by blue-green algal toxins.  
The growth of blue-green algae may lead to the contamination of 
water at the”Daugava” treatment plant by microcystins and other 
toxins. 
Further work: As a part of the work involving BDS research, other 
algal toxins (TZW) were also investigated. 
Microcystin LR and YR were detected at high concentrations in 
Daugava River samples but the TZW research, confirmed a 
“relatively low risk of occurrence of a new type of algal toxins in 
the raw water sources of Riga”. 

E B,C 

1.1.8 

Extremely low water level in HES. 
The water intake is disturbed if the water level in the HES falls 
below 16 m. 
Further work: This event can happen when repair works on the 
dam are made. The BBE fish biomonitor showed how this can also 
be a source of risk to water quality, as fish have died due to fecal 
contamination related to the low water level in the HES. 

E U,C,B 

1.1.9. 
Disturbed or interrupted water intake from HES in the case of 
terrorism.  
The dam may be intentionally damaged during terrorism acts. 

E B,C,R,U 

2.1.1 

Microbiological contamination of Lake Baltezers.  
The private houses located near Lake Baltezers are not always 
equipped with sewage treatment facilities. A project providing the 
connection of private houses to the sewage treatment system of 
Adazi municipality is currently being agreed upon.  

E B 

2.1.2 
Contamination by road traffic accidents on A1 highway.  
Measures – shut off the water supply from the “Baltezers” 
pumping station. 

E B,C,R,U,S 

2.1.3 

Inflow of brackish waters in Lake Little Baltezers.  
The salt concentration may increase because of climatic conditions, 
from the Baltic sea or from the River Gauja through the canal in 
which case Lake Little Baltezers cannot be used for the purpose of 
artificial recharge. 

E C 

2.1.4 

Disrupted or interrupted artificial recharge in Lake Baltezers.  
The contamination by sewage of Lake Little Baltezers may arise 
through the River Gauja and the canal. Likewise, organic 
substances may contaminate the source water as well as rainfall, in 
which case the artificial recharge at the “Baltezers” pumping 
station would have to be shut down.  

D B,C 

2.1.5 
Contamination caused by terrorism acts (lake or the infiltration 
basin).  

E B,C,R,U,S 

2.1.6 

Contamination of the infiltration basins by blue-green algal 
toxins.  
The growth and blooming of blue-green algae may lead to 
contamination of water in Lake Little Baltezers and later in the 
infiltration basins by microcystins and other toxins. 

E B,C 

3.1.1 

Microcontamination (e.g. microcystins, pharmaceuticals) of 
drinking water through infiltration system.  
The analysis of toxins in Lake Baltezers will be carried out in this 
summer 2009 in order to estimate when the concentrations reach 
their maximum.  

E B,C 
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4.1.1 a 

Lake Baltezers groundwater source contamination by road traffic 
accidents.  
Contamination hazard of Lake Baltezers territory has been 
reviewed earlier8. Ground contamination by crude oil has been 
registered in other areas (e.g. 7 accidents in 1999), which supports 
the likelihood. The most often transported cargoes are crude oil, 
oil products, metals, fertilizers, timber and chemicals. 

E B,C 

4.1.1 b 

Lake Baltezers groundwater source contamination by railroad 
accidents.  
The quality of groundwater may be compromised by rail freight 
(e.g. chemical or oil products) accidents on the track Sigulda-Riga, 
which could result in a contamination event. Quaternary (viz. 
sedimentary) minerals are not protected physically and are 
characterised by good infiltration properties, which increase the 
contamination hazard. However, the use of artificial infiltration, 
which increases the level of groundwater under the infiltration 
wells and creates a water flow towards the railroads tracks, 
diminishes the contamination risk to negligible. 

E B,C 

4.1.2 

Accidental contamination of groundwater.  
Accidental contamination depends on the development of the 
nearby Garkalne village. It may influence the “Baltezers”, 
“Rembergi” and “Zakumuiza” pumping stations. 

E B,C 

4.1.3 
Contamination from other sources.  
Contamination may arise from abandoned wells that are not 
owned by anyone and boreholes, which are not in use.  

D, E B,C 

4.1.4 Contamination caused by terrorism acts  E B,C,R,U 

4.1.5 

Natural contamination.  
Natural contamination may arise when the concentrations of 
manganese and iron in groundwater increases. Sources are 
designed to be used for 25 years after which the contamination, 
including TOC reaches its maximum level. 
Further work: Some wells from Baltezers have been reported as 
being contaminated with high concentrations of iron and 
manganese. The water company is already working to take 
corrective actions and limit the intake from these wells.  

E,D B,C 

4.1.6 
Breach of the Law on the Protective Zones.  
The protective zones in Lithuania and Germany are smaller than in 
Latvia.  

E B,C,R,U 

5.1.1 

Elevated total organic carbon concentration in the drinking 
water.  
The concentration of total organic carbon (TOC) in groundwater 
sometimes exceeds 5 mg/l. The drinking water treated at Daugava 
Treatment Plant complies to the regulations on drinking water, 
although the concentration of TOC exceeds 5 mg/l due to 
inefficient TOC removal. The concentration of ozone is not 
adjusted based on the residual ozone after the biofilters, which 
leads to fluctuations in the ozone concentration. Thus, in some 
cases the dose of ozone added may be too high which influences 
the operation of the following filters, or too low which does not 
provide the necessary disinfection. This increases the risk of the 
formation of trihalomethanes (THMs) and other chlororganic 
substances, and enhances the removal of the residual chlorine. 
Thus a large part of the network is not chlorinated, which leads to 
microbiological hazards. 

D,E,OS B,C,R,U, S 

                                                
8 RTU projekts L7042, Baltezera, Remberģu un Zaķumuižas ūdensgūtņu kompleksa hidroģeoloģiskās modelēšanas 
rezultātu izmantošana ūdensgūtņu darbības prognozēšanai un ķīmiskās un bakterioloģiskās drošības izvērtēšanai. (RTU 
Project L7042, Hydrogeological modelling of lake Baltezers, Rembergi and Zakumuiza sources for operation forecast and 
evaluation of chemical and biological safety) 
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5.2.1 
Insufficient pH adjustment.  
Incorrect pH value may be set after the coagulation step.  

O, OS (distribution 
network) 

B,C 

5.4.1 

Possible microbiological contamination from the biofilters.  
Microbiological contamination from the biofilters may be caused 
by increased turbidity. The flushing of the filters may be inefficient 
because of an insufficient amount of flushing water. The filters 
may remain unflushed. 

D B,C,R,U 

5.4.2 

Insufficient/excess concentration of ozone.  
The concentration of ozone is not adjusted based on the residual 
ozone after the biofilters, which leads to fluctuations in ozone 
concentration. Thus, in some cases, the dose of ozone added may 
be too high which influences the operation of the following filters, 
or too low which does not provide the necessary disinfection and 
may not oxidise organic substances sufficient to enable their 
removal by the biofilters. 

O B,C 

5.4.3 

Low pH of the water and a high concentration of oxygen, which 
enhances the corrosion in the distribution network.  
The pH of water may be too low (<6.9) which would result in 
corrosion and would increase the turbidity in the network. Oxygen 
is produced from ozone resulting in elevated oxygen 
concentrations in drinking water. 

E,O C,P 

5.5.1 
The decrease in organoleptic qualities of water. 
The growth of macroscopic organisms in the biofilters may 
decrease the organoleptic qualities of the water. 

E,O B 

5.6.1 

The decrease of water quality because of imprecise 
measurements or damaged measuring instruments.  
Contamination may enter into the distribution network through 
the “Daugava” water treatment plant. Regular checks of the 
sensors should be carried out.  

O B,C,P 

6.1.1 

Contamination of drinking water reservoirs.  
Water reservoirs that are leaky, those with unsealed roofs or open 
to the air, and which are often non-disinfected, may serve as a 
source of contamination. 

D,O B,C,P 

7.1.1 

Contamination arising in the network because of repair works 
and negative pressure.  
It has been established that contamination may arise in the 
drinking water distribution system through pipes and reservoirs. 
Several studies have shown that in a drinking water system a 
negative pressure event can arise, by opening or closing the valves 
or start-up/shutdown of the pumps. As a result, water from 
outside can enter the system by suction. The source of 
contamination can be polluted soil, surrounding the pipes. 
However, this theory is not yet proven. Negative pressure, arising 
during pipe repairs presents a larger and more realistic hazard, 
since during repairs (planned or unplanned) a section of the 
system is closed off. During the repairs, the pipe may be cut and 
contaminated water or soil can enter into the pipe. In practice, 
disinfection is not always carried out after the repairs are finished 
and thus the contaminated section may “infect” the rest of the 
water distribution system. A study in Norway (no reference) has 
shown an increase in illness cases of consumers using drinking 
water from places where repairs have been carried out. 

O C,P 

7.1.2 

Increase in bacteria number in the water distribution system. 
Heterotrophic bacteria (HPC) may grow in the network if water 
contains sufficient amounts of organic matter (above 10 ug/l), 
which also means that water is not biologically stable. Increases in 
bacteria numbers followed by their death may create a micro-
anaerobic environment. This leads to odour formation and it 
favours the development of certain invertebrate populations (e.g. 
nematodes). This affects the organoleptical properties of water but 

O,OS (Coliform 
identifying) 

B 
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does not significantly increase the bacteriological hazard. From a 
practical point of view, bacterial growth may interfere with the 
identification of coliforms. HPC in drinking water has not been 
connected with a significant risk for human health, except 
opportunistic pathogens such as Legionellae, which can grow in 
biologically unstable water and increase the health hazard. 
Further work: Models of bacterial re-growth are being studied. The 
only evidence at present is that the bacterial numbers in the 
network increase with residence time of water and are dependent 
on water temperature and residual chlorine concentration. 

7.2.1 

Insufficient water supply resulting from bursts or accidental 
damage.  
The supply of drinking water may be disturbed in the case of 
breakage to pipes or valves. Worn-out and old valves may break 
during the repairs when the pipe sections have to be shut down.    

O,E U 

7.2.2 

Turbidity in the network.  
Iron sediments arising from groundwater sources and corrosion 
products may be flushed out if the hydraulic conditions are 
favorable. Consumers may notice this as turbidity. This process 
may be more noticeable in the right riverbank boroughs where the 
water is supplied from the “Baltezers” and “Zakumuiza” pumping 
stations. 
Further work: Analysis of turbidity has been carried out through 
laboratory experiments and modelling applications. Initial results 
have shown that water with a higher corrosion potential is actually 
the one from the Daugava Plant (undersaturated in respect to 
calcium carbonate, high sulfate concentration). Thus it has been 
decided that, as a corrective action, the pH of water has to be 
increased at the water treatment plant. Mitigation measures are 
planned to be implemented in the next few years. 

E,O C,P 

7.2.3 
Contamination of drinking water through the hydrants.  
Terrorists could use hydrants to contaminate drinking water.  

E B,C,R,P,S 

7.2.4 

Low flow rates and insufficient pressure.  
Low flow rates and insufficient pressures have been observed since 
the drinking water networks were constructed for larger 
consumption and firefighting needs. 

D,O U 

7.2.5 
Military attack against water treatment plants and objects in the 
distribution network assets. 

E B,C,R,P,S,U 

7.2.6 
Chemical or microbiological contamination of source water or 
network as an act of terrorism.  

E B,C,R,P,S,U 

11.1 Cyber attack against computer systems within pumping stations.  E U 

11.2 

Climate changes.  
Drinking water sources are influenced by climate changes. For 
example, the concentration of organic substances in the water 
increases. 

E B,C,U 

Legends: 
Type of hazardous event: Indication of the origin of the hazardous event. 
D: design-related 
O: operation-related 
E: external-related 
OS: consequence of a hazard in other sub-system 
Ref. OS: reference of other sub-system. 
 
Type of hazard: Indication of the type of hazard. 
B : biological 
C : chemical 
R : radiological or physical (including turbidity) 
U : insufficient availability of water supplied to customers 
S : safety to personnel 
E : external damage to third parties, including liability. 
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5 RISK ESTIMATION 
 

5.1 Preliminary considerations 
 
The level of risk has been estimated for every hazard. It is important to 
emphasise that a hazard may cause different types of consequences thus 
creating several different risks. At least two possible risks have been considered 
for each of the hazards depending on the severity of the consequences, and the 
possibility that the event happens has been divided into two parts. Health 
effects have been evaluated using literature data where available. The 
frequency of the events have been evaluated depending on the available data 
provided by Riga Water. Where no data were available, attention has mostly 
focused on the severity of the effects. Where both effects and frequencies 
could not be determined, even through expert judgment, it has been reported 
that more data are needed in order to undertake a future revision of this 
document. 
 
Lack of water is divided into partial and total. A partial lack of water means that 
water is temporarily unavailable but this just leads to temporary problems and 
does not imply serious problems in getting water or choosing alternative 
sources. A total lack of water means an alternative water source must be 
chosen. 
 
Influence on the treatment plant is a risk only for the Daugava River raw source, 
since Baltezers has no treatment plant. It means that for some reason, at least 
one of the steps of water treatment can be negatively influenced by an event. It 
is usually set as a risk with “moderate” consequences because the plant has 
several different process stages that can mitigate the negative effect. 
 
Even though these can usually be synonymous, in this case “health effects” and 
“water contamination” have been chosen as two different concepts. The first 
refers to what can cause “morbidity expected from consuming water”, whilst 
the second is for “death expected from consuming water”, as written in the  
AS/NZ guidelines (AS/NZS, 1999). 
 
It is important to note that most of the events have been evaluated considering 
accidents during the last 5 years, since the situation has significantly changed 
over this period. First of all, the water demand has reduced by more than half 
between 1994 and 2001. Daugava treatment plant has also been recently 
improved with new facilities (mainly ozonation), thus water quality is not the 
same as before. Considering events of the past may highlight problems that do 
not exist anymore, as well as making less relevant problems that nowadays are 
more important (e.g. the possibility of the lack of pressure in the pipe system). 
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Investigating the cause of the hazards has resulted in 33 out of 40 hazards (see 
Appendix 8) at least partly being related to external events; to prevent or 
reduce as much as possible the risks related to these requires early warning and  
monitoring systems. There are 11 hazards related to operations and 8 to 
design; risks associated with these might be reduced by corrections to 
operational procedures. 

 
5.2 Data collection 
 
The data for the risk assessment were obtained from the following sources: 
 
- Laboratory records and company internal reports. Some of these were 
directly provided by Riga Water, while others came from external sources and 
were available through communications with Riga Water. 
- Internal sources and the first type of external analysis from the monitoring 
system. 
- Other different sources such as published literature, internet resources and 
communication with experts. External information comes from RTU and the 
partners involved. Some data are available on “Sabiedrības Veselības Aģentūra” 
(Community Health Agency) publications. The agency monitors epidemiologic 
data, and amongst this data, there can be several illnesses that can be caused 
by drinking poor quality water (SVA, 2008). Moreover, it also provides data on 
water quality in some basins during the swimming season (SVA, 2009).  
- Measurements using technologies developed in the TECHNEAU project (see 
Table 6). This is the most significant contribution of the TECHNEAU project 
during the two years of the Riga case study. 

 
Obtaining information was restricted by several constraints. Water suppliers in 
Latvia are municipality-owned and they are strictly regulation-driven. Thus they 
are not always keen to take initiatives if these are not required by some 
regulatory standards. Thus obtaining objective and complete information which 
is not required by the standards was not always possible. 
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TECHNEAU 
technology 

Application Data collected  Main conclusions Contributors Appendix 
no.   

LC/MS/MS Survey of emerging algal 
toxins in raw water sources 

Algal toxins 
 

Low risk of occurrence of new types of algal toxins in water, but 
high in biomass. 

W. Schmidt, M. 
Balode, T. Juhna 

1 

CALUX bioassays Survey of endocrine 
disrupting chemicals (EDCs) at 
water outlets from waste 
water treatment plant, raw 
water and drinking water 

Estrogenic activity 
Glucocorticoid-like activity 
Progestagenic 
Androgenic activity 

Low level in raw water and drinking water, but high in outlet from 
small water treatment plants. 

S. van der 
Linden, T. Juhna, 
M. Maskoluna, 
K. Valters 

2 

ToxProtect64 
biomonitor 

Monitoring of pollution of raw 
water with toxic compounds 

Activity of fish as indicator of 
pollution with toxic chemicals 

Sporadic pollution with toxic substances occurs in the Daugava 
River; it needs to be monitored and better investigated. 
Thresholds should be set according to the WTP simulator.  

C. Lüring. R. 
Skulte, T. Juhna 

3 

Resuspension 
potential 
measurements 
(RPM) 

Measurements of the 
potential of an increase in 
turbidity in water distribution 
networks as a results of 
resuspension of loose 
deposits  

RPM measurements 9 RPM was high in most parts of the Riga networks, thus risks of 
resuspension are high, however as water pipes are oversized the 
increase of turbidity is observed mainly after significant flow 
disturbances such as the repair of pipes. 

J. Rubulis, J. 
Vreeburg, K. 
Neilands, A. 
Briedis, E. 
Grundbergs 

4 

Flow cytometry 
for rapid analyses 
of intact and total 
cell number, AOC 
methods 

Measuring bacterial regrowth 
in water distribution networks 

Total bacterial number, intact 
cell number, ATP, AOC 

The data clearly shows that regrowth did occur during the 
distribution of drinking water in Riga. Specific future tests should 
focus on whether this regrowth potential also applies specifically 
to pathogenic bacteria. 

F. Hammes,  M. 
Vital, T. Juhna, J. 
Rubulis 
 

5 

Ultrafiltration 
method 
Hemoflow, 
FISH-DVC 

Concentration of microbes 
and molecular methods for 
quantifying non-culturable 
pathogens 

E.coli culturable and non-
cultrable but viable 
Hepatitis A 
Cryptosporidium, Giardia 

No Hepatitis A were found in raw water or drinking water. 
Cryptosporidium and Giardia were found in raw waters only in 
concentrations lower than in other European countries. Non-
culturable E.coli was often found in the biofilm of the water 

S. Larsson, T. 
Juhna, L. Mezule 

6 

                                                
9 Vreeburg J.H.G. (2007) Discolouration in drinking water systems: a particular approach, Academic dissertation, Delft University of Technology, Delft, 183. 

Table 6: List of TECHNEAU technologies applied in obtaining the data for the Riga case study. 
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HPC distribution system. 
Scan 
spectrometers 

Measuring on-line total and 
dissolved organic carbon 

TOC, DOC Relatively high levels of DOC and TOC were observed in raw 
water and in the drinking water of Riga. On-line monitoring 
allows the fluctuation of DOC and TOC in raw and drinking water 
to be followed. 

J. van den 
Broeke, J. 
Rubulis 

7 
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After the preliminary risk assessment, some major work weas carried out to 
help establish the degree of the risks and to look for a better monitoring 
control. 
 
One monitoring/control method is based on the Resuspension Potential 
Measurement (RPM) which locates turbidity problems in the water 
distribution network. Measurements were made in the main water 
distribution of Riga and in one small (20 km pipe network) district, which is 
supplied from Riga water. In the both networks was identified high risk of 
discoloration. The RPM method was applied, and the results showed that in 
more than 85% cases the turbidity level during RPM exceeded rate of 9 
instead of results from routine grab sampling by Riga Water, which do not 
exceed recommended values for turbidity in European Legislation 1 NTU but 
for Latvia – 3 NTU (See Appendix 4). However according to a cost-benefit 
analysis (CBA; see D7.5.6, Cost-benefit Analyses of Water Quality 
Improvements in Riga Water Distribution), as the number of complaints is 
low, immediate flushing is not economically advantageous. It should be 
noted that the low number of complaints is because of the complaint 
management system as not all complaints are recorded and individual 
complaints are no longer accepted. The costumer should address the house 
owner, who will then decide if the complaint should be submitted to Riga 
Water. This intricate system of complaint recording and the “protectionism” 
attitude of the water company increases the risk of underreporting for 
situations when hazards are health threatening. It has been shown in the 
literature that there are situations when customers sensed abnormalities 
but failed to report these or the company failed to respond to them, this 
being one of the reasons of late responses to waterborne outbreaks (see 
more about the Swiss cheese model and human reliability analyses by Wu et 
al., 2009). 
 
Application of fluorescent in-situ hybridization (FISH) monitoring techniques 
in combination with the Hemoflow cross-flow ultrafiltration system is being 
applied to evaluate the risk of pathogen intrusion into the distribution 
system. Data were collected for several seasons. The method, as seen during 
this observation period, is very useful in detecting several kinds of 
anomalies, such as pathogen and pollutant intrusion in the network, lack of 
pressure and air in the pumps (see Appendix 6). Results confirmed the 
presence of the pathogen protozoa but not viruses in raw water sources. 
 
Samples from raw water sources and wastewater treatment plants in the 
surroundings of Riga were taken and analysed for endocrine disruptor 
chemicals (EDCs). Ten different samples of water were analysed using a 
panel of reported gene assays to detect the presence of estrogens (ERα), 
androgens (AR), progestins (PR) and glucocorticoids (GR). All of the 
hormone-like activities could be detected in at least one of the samples. 
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Estrogenic activity was found in all samples except the samples of drinking 
water. In the effluent from hospitals, it was said to be “relatively low”. 
Glucocorticoid activities have been found only in treated hospital effluents 
and in pharmaceutical production facilities. Progestagenic and androgenic 
activities have been found at very low levels only in the treated effluent 
from a hospital. However high EDC concentrations were detected in outlets 
from small wastewater treatment plants (see Appendix 2).  
 
An evaluation of the bacterial regrowth model showed that bacterial 
regrowth is occurring in the Riga water distribution network (Appendix 5).  
 

5.3 Sensitivity analysis and general consideration about the RA methodology 
 
A general conclusion about the RA methodology is that effective risk 
assessment generally needs a large amount of information to be available. In 
this case, all such information was not available for several main reasons:  
 
 The situation of the network has changed several times during the 
years. The main effect is that consumption of water has decreased between 
1994 and 2001, thus the condition of the network has been dramatically 
changed, as well as the raw water supplies (where the water comes from) 
and the treatment plant facilities (the modern Daugava treatment plant has 
been built recently, so the quality of water has changed drastically). An 
evaluation, though, is meaningful only if it considers events from the past 6-
7 years. Other estimations could give incorrect ideas of the risks and these 
would not fit with the situation at present.  
 The kind of information available. The data already available in the 
water company did not meet the requirements needed for the risk 
assessment. This is because often risk assessment requires a great degree of 
monitoring accuracy and longer term monitoring. The way to collect data 
has to be agreed between the evaluators of the risk assessment and the 
water company. 
 The means of recording information. For instance, one of the main 
problems concerning this topic is that several times during maintenance 
work registers have not been filled in properly, thus making a proper 
evaluation of breakdowns in the network and investigation of their causes 
quite impossible. 

 
For these reasons, a real statistic-based analysis has not been made. The 
frequency of events has been set quite roughly, and the evaluation is mainly 
based on what has happened in recent years (some of the data belongs to 
official statistics on the latest 5 years, while other data belongs to personal 
communications of experienced personnel). Thus, this work represents a 
way of checking what kinds of data are needed for a better evaluation of the 
problems. 
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Because of the previously explained factors, most of the frequencies have 
been based on general considerations. The events like terrorist or military 
actions have been set as “rare” (once in a lifetime), as historically Riga was 
last involved in war during the Second World War, and since that moment 
no war or terrorist actions relating to water supply have happened. Other 
events that didn’t occur during the examined period, but intuitively are more 
likely to happen than war actions, have been set as “unlikely” (occurring 
from once every five years to once every twenty years). The events occurring 
just once in the examined period have been set as having a “moderate” 
likelihood of happening. More than once, depends on what the personal 
communication (experts’ evaluation) and the general situation of the 
problem are.  Thus, they can change from “likely” to “almost certain” events. 
Considering “sensitivity” of the method, the consequences have been 
defined as precisely as possible. For this reason, in fact, the classes 
previously made have been changed, with the new classes giving a more 
punctual definition, trying to include all of the possible consequences and 
varying in quite a precise way. Thus, we can say that the range of uncertainty 
mostly comes from the frequency of the events. It is possible to say, in fact, 
that some of the events have “intermediate” likelihoods (e.g. “rare”-
“moderate”). This usually means that the grade of risk can range from one 
category to another (e.g. “medium”-“high”). According to the common sense 
rules (precaution principle), in evaluating the priority, the higher rank has 
been set, but the event has been put at the bottom of the rank. Thus, this 
means, for instance, that if an event can have a likelihood of “unlikely”-
“moderate”, the associated risk rank is “medium”-“high”, corresponding to 
the places 9-13 in the risk matrix. The precaution principle, then, allows this 
event to be put in the list of priorities together with the other events 
generating a rank of 13, but at the bottom of this class, because the 
likelihood does not precisely fit the category. 
 
A further consideration is that hazards, mainly the ones caused by external 
events, cannot always be detected and analysed by frequency. Thus, the 
evaluation of these accidents may be have to be done in a more empirical 
way, preferably focusing on related consequences (that usually make 
corrective actions necessary10) rather than on frequency. 
 
A very important aspect to point out as a consideration in this risk 
assessment is that the process of collection and analysis of information itself 
can highlight problems in the way the company currently operates and 
manages risks. Some actions that are usually neglected and considered to be 

                                                
10 It can be easily seen in the table by the WHO that the risk matrix is asymmetric concerning grade of risk. This is 
because, as usually happens on topics related to health safety, consequences of events are considered more important 
when evaluating the resulting risk compared to frequencies. 
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unimportant can be shown to be of real value in understanding risks, why 
they are important, and what the best way of dealing with them should be. 
For example the making of accurate reports after breakdowns provides 
important information with respect to cause and frequency of failures. This 
helps the water company itself to evaluate where the critical points in 
treatment and the network are and where more attention is needed to avoid 
further (and worse) problems; and where, in general, prevention work can 
be made just by dealing with data properly. 
 

5.4 Results and list of prioritisation 
 
According to risk assessment, 40 hazards were identified as significant and they 
were prioritised in ascending order based on their significance for Riga Water. 
The results are shown in the Appendix 8 and 9. 
 
The results in the document mainly show two different kinds of risks: risks 
coming from actual problems (coming first in the list, as priority is higher) and 
risks coming from potential problems. According to the list, the main hazards to 
mitigate are summarised below:  
 
 Natural contamination. This comes from the fact that in some sources 

(mainly the Mazais Baltezers area) the natural amount of manganese is 
too high according to national (and European) Regulations. 

 Contamination of drinking water reservoirs. This event has happened in 
two ways: one was actual contamination by bacteria, the other being a 
high concentration of chlorine. These events happened several times after 
reservoirs cleaning, when the parameters were monitored. None of these 
events however have been reported as happening in the last year. 

 Increase in bacteria numbers in the water distribution system. This event 
has happened, and it is proportional to the distance from the chlorination 
plants. It has been monitored through analyses and modelled according to 
the results of the analyses. 

 Turbidity. The problem has not been found through analyses, because the 
detection according to standard measurements is not easy. However, a 
potential release of substances creating turbidity in the network has been 
found through RPM (Resuspension Potential Method). The method shows 
how turbidity peaks can reach up to 100 times of that recommended for 
drinking water (100 NTU against 1 NTU). Moreover, many complaints 
from consumers derive from turbidity problems. 

 
These were the actual problems that can be found in the network. The 
potential problems can be as follows: 
 
 All of the problems related to contamination of groundwater in the 

Baltezers Area. This problem comes from the fact that the area is close to 
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a village, with a main road and a railroad passing nearby. Thus, the 
activities in the area may generate pollution, and pollution can 
contaminate groundwater through infiltration. Since no treatment but 
chlorination is used for this raw water, just natural filtration through 
porous strata occurs and it may not be enough to prevent and mitigate 
certain kinds of events. 

 
 Terrorist or military attacks. These actions can lead to the worst 

consequences: a lack of water, a contaminated water supply, or damage 
to the facilities of the water supply network. However, these events are 
considered to happen just once in a lifetime as a frequency, so the 
possibility of them happening is very low. 

 Sporadic chemical contamination in the Daugava River basin. This event is 
relevant because roughly half of the water consumption of Riga is 
supplied by Daugava. Thus, contamination can lead to an important lack 
of water, or, if not detected in time, can lead to exposure of pollutants for 
a large proportion of the population if the treatment plant cannot remove 
the contamination properly. 

 Contamination of drinking water through the hydrants. This leads to risks 
being considered because a contamination event directly in the network 
can go straight to the final consumer. 

 Extremely low water level in HES. This is relevant because it can lead to 
several risks. One of these is potential contamination, as found through 
the ToxProtect monitoring; the other being a lack of water coming from 
the fact that water uptake can be either disrupted or interrupted. 

 Other contaminations of Daugava, such as constant contamination with 
endocrine disruptor chemicals, microbiological contamination and HES 
water basin contamination by blue-green algae toxins. There is evidence 
of these events happening in raw water, but no consequences have been 
found in drinking water. Endocrine system disruptors have been found 
during a measurement campaign in all the samples taken in raw waters 
but not in drinking water. 

 Contamination by agricultural fertilisers. This event, even if the points 
would suggest a higher priority rank, needs to be assessed better. 

 Microbiological contamination of Lake Baltezers. This event happens as 
eutropication occurs seasonally in the lake, but no consequences have 
been found in drinking water (Riga Water, personal communication). 

 Contamination by road traffic accidents on the A1 highway. This event has 
never been reported as happening, but since there is the possibility of it 
occurring, an evaluation of possible measures has to be made. 

 Contamination of the infiltration basins by blue-green algal toxins and 
microcontamination (microcystins, pharmaceuticals) of drinking water 
through infiltration system. Both have been evaluated through hydraulic 
modelling of groundwater infiltration. The reduction of algal toxins 
through natural attenuation is significant (a reduction by a factos of 10). 
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 Elevated organic carbon concentration in drinking water. The main 
consequence of this event is the enhancement of bacteria regrowth in the 
network. 

 Insufficient concentration of ozone during ozonation in the treatment 
plant. This can influence the concentration of bacteria and reactive 
substances in the network or influence high concentrations of some 
substances in the further reactors of the treatment plant. All of the 
consequences are however mitigated by the way that the treatment plant 
functions (multiple reactor systems and multiple treatment lines). 

 Contamination arising in the network because of negative pressure. The 
problem has not been reported as happening, but it cannot be excluded. 

 Other problems related to the treatment plant, such as growth of 
macroscopic organisms in the biofilters, imprecise measures or damaged 
measuring instruments, possible microbiological contamination from the 
biofilters, low pH of the water and a high concentration of oxygen. 

 
The other hazards generating risks classified as “medium” are the inflow of 
brackish water in Lake Mazais Baltezers, disrupted or interrupted water intake 
from Riga HES in the event of dam damage, cyber attack against computers 
within pumping stations, and the water intake in HES being disrupted by ice 
sludge. Hazards generating low risks are disrupted or interrupted artificial 
recharge in Lake Baltezers, insufficient pH adjustment after coagulation in the 
treatment system, low flow rates and insufficient pressure. 
 

Table 7: Statistics of hazards by classes 

Statistics by classes no of risks 

Extreme (19-25) 1 
High (13-18) 27 
High-moderate 4 
Moderate (6-12) 15 
Low-moderate 1 
Low (1-5) 12 

Not assessed 1 

Total risks 61 

Total hazards 41 
 
Statistical analyses (Table 7) showed that the majority of the risks are “high” 
(27 out of 61) followed by “moderate”. Just one risk is considered as 
“extreme” and needs immediate intervention. The analysis of the hazards 
and the evaluation of risks give an idea of what the weak points are in the 
whole water supply system. The first hazard that needs to be treated – the 
already mentioned “extreme” one – is natural contamination, not just 
because of health effects, but because the network has to fulfill the 
European Regulation. In the water distribution system, the concentration of 
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Mn was higher that it is allowed in European standards, thus an intervention 
(already planned) is necessary. Then, there are some other problems that 
are not just a possible hazard, but already exist, such as contamination of 
drinking water reservoirs, increases in bacteria numbers in the water 
distribution system, and (the most likely event) turbidity in the network. 
Contamination of drinking water reservoirs has been found occasionally 
after reservoir cleaning in the last five years. This contamination consists of a 
high bacteria count and, more often, in high chlorine concentration (coming 
from disinfection procedure). The increase in bacteria numbers in the 
network have been evaluated recently, and, of course, bacteria is more likely 
to grow in places with a high residence time of water and far away from 
chlorination plants. This is also dependent on high amounts of organic 
substance (TOC) in drinking water, providing nutrients for bacteria regrowth. 
Turbidity occurs in the network from a natural iron input and corrosion in 
pipes. In some analysis, turbidity has been found to be more than 100 NTU, 
while the recommended EU value is 1 NTU. 
 
Most of the harmful potential hazards are mainly related to infiltration of 
pollutants into the groundwater system and to terrorist and military attacks 
(but the last two events are very unlikely to happen). The groundwater 
infiltration system is a relatively weak barrier because it depends on natural 
processes before water enters into the network (except chlorination which is 
always carried out). Polluting events can be partly controlled, and 
mathematical models of the behaviour of pollutants in the infiltration 
system have shown that the natural attenuation occurs 
 
One of the hazards has not been assessed. This is “insufficient water supply 
in case of accident”. During the evaluation of breakdowns and maintenance 
work, consequences on customers are not analysed. The network can 
basically provide water to a customer if a pipe does not work, since the 
supplying system is multiple. The lack of water, anyway, is an event that can 
happen (Riga Water, personal communication) but the number of events 
(and gravity of episodes) has not been evaluated. Riga Water could 
investigate this aspect to provide a better service to the customers. 

Limitations of the study 
 
The time and financial resources to undertake the WSP in Riga were limited. 
As a result, only the preliminary survey was possible and thus Riga Water 
should continue this work with their own resources. The choice of 
technologies was also limited and careful assessment before selecting a 
technology was sometimes lacking. Support from the technology providers 
in interpreting the data was not always available. Some technologies were 
still under development and data should be used with caution. 
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Municipal companies’ major motivation is meeting regulation rather than 
having a holistic approach to water safety. Although they were interested to 
attend the workshop and were co-operative in installing technologies, risk 
assessment was not a priority because it is not required by regulation. 
Hence, the commitment from Riga Water was not always sufficient. This 
attitude is partly because there were no proven outbreaks in Riga. 
 

6 CONCLUSIONS 
 
The applied risk assessment approach has been a useful tool to identify and 
evaluate existing problems in the distribution system and possible risks 
coming out from “weak points”. Through the applied tools, it has also been 
possible to estimate a rough but reliable ranking of the priorities of 
interventions required.  The analysis also pointed out how more information 
is required to make an improved evaluation. 
 
The following general conclusions were made: 
 
 Major risks and hazards for Riga Water were identified, evaluated and 

prioritised. 
 The technologies, which allow risks to be controlled and mitigated, were 

suggested and their performance was shown. 
 The understanding about the functionality of the water distribution 

networks has improved. 
 Awareness and openness to deal with the problems of the end-user has 

improved. 
 Communication between researchers, companies and consumers need 

to be further improved. 
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Appendix 1  
 
Sampling of emerging microcystins in the raw water 
sources of Riga 
 
Background 
 
Surface water (M. Baltezers) used for the Riga water supply are in a eutrophic 
state (Springe et al 2001). Algal toxins such as Microcystin – LR were found in 
raw water and their presence was suspected in drinking water (Eynard et al 
2000). The aim of this study was to determine the concentrations of emerging 
toxins: Anatoxin-a, Saxitoxin, Neosaxitoxin, Cylindrospermopsin, Microcystin- 
LY, -LR, -LW, -LA, -RR, -YR, WR as well as Microcystin – LR and – YR in samples of 
water and biomass from Lake M. Baltezers (used for drinking water production 
with an artificial groundwater recharge method) and Daugava River (used for 
drinking water production with a chemical coagulation method). 
 
Methodology  
 
During August and September 2008, different measuring campaigns were 
undertaken to evaluate the presence of biomass in the raw waters, which 
provide the city. In particular, samples were taken from the main sources of 
raw water supplying the Riga network. Some have been taken in the HES (dam 
for the production of electrical energy), in which the main water supplying the 
system of the Riga network is located; some others have been taken from the 
pumping station of Mazais Baltezers, where another water supplying system is 
located: the lake is, in fact, used as artificial recharge for a groundwater source. 
The analyses were made, with the specific purpose of finding out the possible 
species of phytoplankton (algae) living in the water, since some of the species 
can have negative effects on human health (mostly, several chronic effects). 
 
To improve focus on the problem, some nutrient analyses have been carried 
out together with estimation of algae: ammonia (NH4), nitrogen (N-NO2, N-
NO2+3, Ninorg, Norg, Ntot), phosphorus (PO4, Porg, Ptot) and Si. 
 
Water samples and biomass samples were sent to a laboratory (TZW, Germany) 
and these were analysed for emerging algal toxins using LC/MS/MS developed 
in TECHNEAU WP3.  
 
Results for Daugava River (HES dam) 
 
Results for the Daugava River measurements showed a global concentration of 
biomass ranging from 0.49 mg/l to 1.26 mg/l. In two of the three cases, the 
dominant kind of algae is diatomophyceae; in the other one, the dominant kind 
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is nostocophyceae. Regarding the concentration of toxic species, for the second 
campaign, the concentration is high (0.38 mg/l for M. Aeruginosa), while for the 
other 2 samples the concentration is low (0.02 mg/l for M. Aeruginosa for the 
first and 0.02 mg/l for the third). 
 
Results for Mazais Baltezers 
 
For Mazais Baltezers, the concentration of biomass is higher than measured in 
Daugava, ranging from 1.2 to 4.1 mg/l. The dominant kind of algae is always 
Diatomophyceae. The concentration of toxic algae is very changeable, going 
from 0.15 mg/l for the first measurement (together P. Agardhii and 
Aphamizomenon flos-aquae) to 0.42 and 0.09 mg/l for M. wesenbergii and M. 
Aeruginosa in the third sample. 
 
All of the water samples; Anatoxin-a, Saxitoxin, Neosaxitoxin, 
Cylindrospermopsin, Microcystin- LY, -LR, -LW, -LA, -RR, -YR, WR were below 0.1 
ug/l. Only in the biomass samples from the River Daugava were relatively high 
concentrations (> 300 ug/g DW) of Microcystin – LR and – YR detected. 
 
 
Conclusions 
 
Analysing the limited number of samples confirmed that there is a relatively 
low risk of the occurrence of a new type of algal toxin in the raw water sources 
of Riga. The presence of toxins in relatively high concentrations was proven 
from the biomass samples. 
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Appendix 2  
 
Determination of estrogenic, androgenic, progestagenic 
and glucocorticoid-like activity  

 
Background 

Aquatic ecosystems are exposed to a complex mixture of compounds, both of 
natural and anthropogenic origin. Some of these compounds can act on the 
endocrine pathway, effecting hormone levels in organisms, with possible 
adverse effects. However, the potential impact of these adverse effects on a 
population level remains unclear. Most research regarding endocrine disrupting 
compounds focuses on feminisation, a process that has been observed in fish 
present in the aquatic environment.  

Several compounds have been identified to be, at least partially, responsible for 
the disruption of the reproductive development of e.g. fish, and most of these 
can act as agonists or antagonists on the estrogen receptor (female sex 
hormone) and/or the androgen receptor (male sex hormone). The natural 
hormone estradiol (E2) and synthetic hormones like ethinyl estradiol (EE2) 
(which is used in birth control pills) are thought to be mainly responsible for the 
observed effects. These natural and synthetic hormones are excreted by 
humans and animals (mainly) in their conjugated (inactive) form and enter the 
aquatic environment, either untreated or via sewage treatment plants (STP). 
However, at the STP and in the environment the inactive hormones can be 
deconjugated (i.e. reactivated), thereby disrupting the normal endocrine 
function of aquatic organisms. It has been demonstrated that long-term 
exposure to a low ng/L range of estrogenic compounds can have devastating 
effects on fitness and the survival of aquatic species (Kidd et al 2007, Sumpter 
2005). Recently, a NOEC of 0.35 ng EE2/L has been determined for aquatic 
species (Caldwell et al 2008). 

The estrogen receptor and the androgen receptor belong to a larger group of 
nuclear hormone receptors. Other members of these nuclear hormone 
receptors may similarly be disrupted by receptor ligands in the environment. 
These can be the natural hormones, but also e.g. pharmaceuticals since 
approximately 13% of all (over 20,000) FDA approved drugs target nuclear 
receptors specifically (Overington et al 2006). Some of these natural and 
synthetic hormones have been identified in the aquatic environment (Kolodziej 
and Sedlak 2007; Durhan et al 2006) and have been shown to survive drinking 
water treatment (Westerhof et al 2005; Versteegh et al 2007). Several of these 
drug residues, as well as natural and synthetic analogues, can act in concert on 
the same nuclear hormone receptor (Silva et al 2002), resulting in an integrated 
response of complex mixtures. The total agonistic or antagonistic activity of 
complex mixtures can be measured by applying nuclear receptor specific 
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reporter gene assays. However, these assays have to be sensitive and respond 
only to a well-defined mode of action (Eggen et al 2004). 

In WP3 sensitive bioassays for analyses of estrogenic, androgenic, 
progestagenic and glucocorticoid-like activity in water samples have been 
developed. The method is based on a panel of nuclear receptor specific 
chemically activated luciferase expression (CALUX) reporter gene cell lines, 
which is coupled to specific receptor activation for the production of the 
enzyme luciferase. With these cell lines, it is possible to detect estrogens (ER), 
androgens (AR), progestins (PR) and glucocorticoids (GR), allowing sensitive and 
specific measurements of hormone receptor action by complex mixtures of 
compounds. Since these cell lines all use the same human (U2OS) cell line, and 
basal plasmids for stable transfection are carefully matched, results among 
assays can be easily and reliably compared. 

Methodology 
 
Two sampling campaigns were organised one for the analyses of raw water  and 
drinking water of Riga (Table 1, Figure 1), the second for analyses of treated 
wastewaters near Riga.  In the first sampling, 10 samples were taken in the 
summer of 2008, in the second – five samples in the spring of 2009. 
 
In total, Riga Technical University (RTU) (Riga, Latvia) has collected 15 different 
water samples (approximately 500 mL per sample). All samples were collected 
in clean glass bottles and were sealed with caps with PTFE inlay. After 
collection, samples were frozen and shipped to BDS (Amsterdam, The 
Netherlands) for CALUX analysis. After arrival, all samples received by BDS were 
stored at -20°C until extraction, which was within 7 days after the arrival of the 
samples. At BDS, all of the samples were extracted and analysed using a panel 
of reporter gene assays, for the presence of estrogens (ERα), androgens (AR) 
and progestins (PR) and glucocorticoids (GR). These bioassays used utilise the 
U2OS human cell line with a luciferase gene under the transcriptional control of 
responsive elements for activated hormone receptors. This allows for a 
sensitive and specific detection of the biologically active compounds described. 
Concerning the specific case of the Riga Water distribution system, the analyses 
are useful to determine whether there can be the possibility of finding these 
compounds in the water network. 
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Figure 1 : Sampling sites used in the study 
 

Extraction of the water samples 

Each sample was extracted three times with ethyl acetate (70 mL), after which 
each ethyl acetate fraction was collected in a glass tube. The combined ethyl 
acetate fractions were evaporated to less than 1 mL (N2, 37°C) and transferred 
to a glass conical vial. The glass tubes were rinsed two times with 0.5 mL of 
ethyl acetate, which was added to the extract in the conical vial. The ethyl 
acetate was further evaporated to approximately 3 µL under a nitrogen stream 
at 56°C; the last microliters were left to evaporate spontaneously. The extracts 
were redissolved in 30 µL of DMSO. All extracts were stored at -18°C until the 
analysis. 

   
Table 1. Description and coding of the samples from both sampling campaigns 

Sampling site Description of the samples Sampling data 
K1 Lake Mazais Baltezers  06.08.2008 
K7 Drinking water from water treatment plant Baltezers  06.08.2008 
K3 Groundwater from shallow wells at plant Zakumuiza 06.08.2008 
K4 Groundwater from deep wells at plant Zakumuiza  06.08.2008 
K2 River Daugava  25.07.2008. 
K8 After bilofiltration at water treatment plant Daugava  01.08.2008. 
K5 In water distribution networks at the consumer tap   10.09.2008. 

K10 
Treated waste water at the outlet from pharmaceutical 
production factory  

11.08.2008. 

K9 Treated wastewater at the outlet from hospital/recreation center  05.08.2008. 
K6 Drinking water from aquarium in Riga   25.07.2008. 

K11 Treated industrial and municipal wastewater from Riga at the 29.04.2009 
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outlet to Riga Gulf  

K12 
Treated industrial and municipal wastewater from small 
community 

29.04.2009 

K13 Treated municipal wastewater from small community 29.04.2009 

K14 
Treated industrial and municipal wastewater from small 
community 

29.04.2009 

K15 
Treated industrial and municipal wastewater from small 
community 

29.04.2009 

 
CALUX bioassays 

 
All water extracts were tested for hormone receptor agonists or antagonists 
using the ERα CALUX, AR CALUX, GR CALUX and PR CALUX bioassays, according 
to their SOPs. In short, cells were seeded into 96 well plates with DF medium 
(without phenol red) that was supplemented with stripped (dextran-coated 
charcoal treated) serum. After 24 hours of incubation (37°C, 7.5% CO2), the 
medium was replaced by medium containing the water extracts (0.1% DMSO) 
for agonistic activity testing (in triplicate). After 24 hours of incubation, the 
medium was removed and the cells were lysed in 30 µl of Triton-lysis buffer. 
The amount of luciferase activity was quantified using a luminometer. On all 
plates, a dose response curve of the reference compound was included for 
quantification of the response, which was estradiol, dihydrotestosterone, 
dexamethasone or Org2058 for the ER, AR, GR or PR CALUX respectively. All 
extracts were analysed in triplicate. Results are expressed as ng of reference 
compounds equivalents per liter of water extracted. 

 
Analysis of results 

 
The results of the analysis for the water samples are summarised in Table 2 and 
the results have been compared with data from the Netherlands (Table 3). All 
types of hormone-like activity could be detected in at least one of the water 
samples.  Estrogenic activity was detected in all of the samples, except the 
drinking water samples. Progestagenic and androgenic activity were detected 
only in the treated hospital effluent sample (0.15 ng Org2058 ng/L and 0.18 ng 
DHT-eq./L respectively). Estrogenic activity was detected in all of the samples, 
except the drinking water samples. Estrogenic activity ranged between 0.02 and 
0.20 ng E2-eq./L. Glucocorticoid-like activity was detected in treated effluent 
samples from the hospital and the pharmaceutical production facility at a level 
of 4.1 and 17 ng Dex.-eq./L respectively. Progestagenic and androgenic activity 
were detected only in the treated hospital effluent sample at a level of 0.15 ng 
Org2058 ng/L and 0.18 ng DHT-eq./L respectively. In all, 15 water samples were 
detected with having hormone activity. Progestagenic, androgenic and  
glucocorticoid-like activity was detected in all of the treated effluent samples 
from the WWTP.  The noticeable ER, AR, GR hormone activity is registered in 
samples from the small wastewater treatment plant which can be explained by 
the poor small WWTP efficiency. The results (hormone concentrations) 
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obtained are comparable with the data from other countries and these fit 
within the limits.  
 
Table 2. Analysis results of the water samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 3. Comparative data obtained in Latvia and the Netherlands 
 
 
 

Conclusions 
 
Regarding the risk assessment, since no emerging contaminants have been 
detected in the drinking water, no risks are pointed out at present. The 
problem may be further investigated, possibly evaluating how the removal of 
these substances work in the treatment plant and, naturally, in the 
groundwater catchments. The highest risks are posed by small wastewater 
treatment plants, which can be explained by the poor removal efficiency. 
 
The results (hormone concentrations) obtained are comparable with the data 
from other countries and these fit within the limits set by 2008/105/EC for both 
– surface and treated wastewater. 
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Appendix 3  
 
Monitoring of toxic pollution at the Daugava WTP raw 
water intake a using fish biomonitor 
 
Background 
 
To evaluate the possible risks to drinking water, and to monitor the quality of 
water, several technologies are capable of being used. One of these has been 
applied at an experimental level on the Riga water supply network. This 
technology uses a quite simple principle (monitoring of fish behaviour in an 
aquarium) and at the same time allows rough but reliable continuous 
monitoring of the water. The technology is a fish biomonitor called 
ToxProtect64. This document describes the instrument and discusses the 
results of the demonstration in the Riga Case Study. 
 
ToxProtect64 is an instrument for continuous monitoring of water quality from 
rivers, lakes and boreholes. In this case, it has been used to monitor raw water 
used for the drinking water supply. 
 
The instrument uses living fish as a water quality detector (Figures 1.). These 
fish live in an aquarium within the instrument where light array sensors located 
on both sides of the aquarium continuously monitor their activity. While the 
fish swim in the water passing through the aquarium, their movements are 
detected by the light sensors they pass through. Signals are transmitted every 
minute to the internal computer for data calculation and recording. When an 
alarm is detected (i.e as a result of unusual activity), the instrument begins a 
verification process by switching off the light in the aquarium. The verification 
checks fish activity: under normal conditions, an alarm event should increase 
fish activity (i.e. more light sensor breakings per minute). If this does not 
happen, the alarm rings.  

 
Figure 1 Exterior and interior of the fish monitor  
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When the alarm is switched on, a red signal light is shown on the instrument 
and a signal is given via the internet, or mobile phone if necessary. 
The instrument also detects toxins in water. When toxins are detected, fish that 
in normal conditions prefer swimming on the bottom of the aquarium (in the 
main flow of water), rise up to the top and swim more erratically. A 
sophisticated algorithm detects this pattern and signals an alarm. 
 
All sensor readings are stored in the internal computer for further data analysis. 
If necessary, it is possible to connect to the internet and have remote control 
and live water quality monitoring via a LAN connection or a mobile phone. 
 
The instrument need little maintenance, typically only once a week or less, 
depending on many factors, such as the quantity of fish, the water quality, and 
the presence of debris in the water and the mechanical filters (if fitted, as in 
this case). 
 
Location of monitoring 
 
As the Daugava River has a high risk of pollution, the ToxProtect64 was set up 
on the Riga HES (Figure 2.) dam used as the raw water source for the Daugava 
WTP. The instrument was connected to one of two pipes (1200 mm diameter) 
supplying around half of the Riga city network after treatment. 

 Figure 2  The fish monitor at the site in Riga  
 
The instrument was designed for drinking water quality management but in this 
case it has been used to monitor raw water, to test if this system can be useful 
also for this application. A 5-micron mechanical filter was connected before the 
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instrument, to filter particulates and other floating deposits out of the raw 
water and to prevent clogging of the ToxProtect64. In the picture above, on the 
right side, the upper hose is the incoming water flow (after the mechanical 
filter) to the S::can spectrometer that was included to compare results. Water 
then goes to a heater to ensure that the fish are at constant temperature of 
about 20-22C, through the ToxProtect64 aquarium and finally through the 
second green hose to the discharge. 
 
To prevent possible fish acclimatisation problems due to different water 
qualities, about 50 minnows (European Phoxinus phoxinus) were taken from 
the Daugava River and kept for two weeks in an 85-litre aquarium. Fifteen 
minnows that demonstrated best health and adapted to the aquarium and the 
dry fish food were introduced into the aquarium on 07.07.2008, when the 
monitoring started. 
 
After the first alarm, a S::can spectrometer (Figure 3. and 4.) was connected to 
the ToxProtect64 to continuously measure TOC, DOC, turbidity and NO3.  
 

Figure 3  S::can spectrometer with the sensor and display 
 
The blue line in the picture below shows the light spectrum that passed through 
the water sample. This line is compared with a calibrated spectrum. In different 
ranges of light wavelength (nm), it is possible to measure specific water 
parameters such as, in this case, TOC, DOC, turbidity and NO3. All results were 
recorded every 5 minutes for further data analysis. 
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Figure 4  Substances detected with s::can spectrometer at different wavelenghs 
(http://www.s-can.at/) 
 
Results 
 
During the period 07.07.2008 – 10.03.2009, four valid alarms occurred. There 
were many other alarms, but these were assumed to be false, related to 
electricity blackouts, high-powered water pump tests, mechanical filter clogging 
and other factors that generally may promote a lack of activity in fish. 
 
The BBE-Moldaenke fish biomonitor was designed for drinking water 
monitoring. In our case the instrument was connected to raw water and - used 
on this relatively  dirty water - on 12.09.2008 the internal water flow meter 
stopped working and showed erratic flow data, such as –72 l/h. BBE tried 
unsuccessfully to solve the problem by changing the flow sensor. The reason 
why the new sensor did not work is not known but it is probable that a bacterial 
film negatively influenced measurement (since sand particles and floating 
debris in the raw water could not pass through the mechanical filter). 
 
The fish monitoring campaign started on 07.07.2008. On 11th of July, 
ToxProtect64 registered fish specific activity constantly increasing. This 
eventually led to an alarm on 13th of July. On 13th of July at midday, the first 
alarm was generated when Riga HES lowered the water level by 2 metres due 
to floodgate and dam maintenance. In addition, relevant consolidation and 
welding operations were made. It is likely that, during lowering of the water 
level, raw water (and pollution) from small rivers, ponds, swamps and 
agricultural lands were introduced into the Daugava River and this could be the 
reason for the fish stress and alarm. 
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(Photo from maps.google.com) 

Figure 5  Possible  track  of pollution from  Ogre river. With red dot indicated water treatment 
plant Daugava 
 
A significant moment came on 14th of July, when TV announced that in the 
Daugava River, pollution came from the Ogre River, approximately 20 km 
upstream of the Riga HES dam (Fig.5). A pig farm located near the Ogre River 
had polluted the river with faeces. Evidence of this event was also seen visually 
because of floating material in the Daugava. 
 
 
Graphical results of the first alarm are shown below. 
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Figure 6  The results of fish monitor in July 10-15, 2008 
 
The first graph describes swimming fish activity in the aquarium (Figure 6). If 
fish activity significantly increases during a small period, it means that the fish 
have become stressed and there may be risk of pollution. If activity drops close 
to zero, it means they have received a toxic shock and consequently they lay at 
the bottom of the aquarium. This graph did not give alarms, but it clearly shows 
some wide fluctuations during the day. 
 

Activity = the number of passages/(time*the number of fish) 
 
The second graph represents specific fish activity (Figure 6). The aquarium of 
the ToxProtect64 is designed to force the fish to swim towards the bottom 
rather than on the top. This is due to sieves on both sides which let water go in 
and out just in the lower part of the aquarium. For this reason, the fresh water, 
preferred by the fish, mainly flows on the bottom. Consequently, the fish 
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normally swim with a certain speed (activity) in the lower part of the aquarium. 
In case of increasing toxins, the fish flee and swim with a higher speed to the 
top, looking for non-contaminated water. 
 

Specific activity = activity*top coverage 
 
In the graphic, there are two colored lines: 
 
 The green line at Unit 5 is classified as the limit of normal everyday 
specific fish activity. Exceeding this line for long periods (hours) is a likely 
indicator that the water might be polluted and further attention is required 
(Figure 7). 
 The red line at Unit 20 is classified as the limit of pollution. 
 
Experimentally, BBE-Moldaenke tested this limit as an indicator of pollution and  
the specific activity threshold was set as 20. Thus, exceeding the line generates 
a verification process to test if this is pollution or natural fish activity. The 
verification process takes 240 seconds and it is determined through switching 
off lights to see if the fish show increased stress to the abnormal situation. If 
the verification process is unsuccessful (i.e. no increased activity), then an 
alarm is generated. As seen in the graphic, spikes crossed the red line 4 times; 
on the first crossing the alarm was generated. 
 
Also visually in the specific fish activity graphic, on 10th-11th of July, activity is 
running in the normal condition, but then the fish show increased stress 
depending on the water quality, as soon as HES started to lower the water level 
on 11th July and the Ogre River pollution episode occurred on 14th of July. 
After the fluctuations, six fish died; they started growing fungus during the 2 
days and their livers turned yellowish brown. 
 
This first alarm in our opinion is more reliable than the others, because there 
are several well-known factors that affected water quality in the River Daugava. 
 
The third graph is the operation mode that shows when an alarm was 
generated and when it was manually switched off. As seen, there were two 
alarms during this short period of time, when fish specific activity exceeded the 
red line of Unit 20 (Figure 6). 
 
After the first two alarms in mid-July, the S::can spectrometer was connected to 
further test possible water quality fluctuations. During this time, TOC (Total 
Organic Carbon) and DOC (Dissolved Organic Carbon) were found to show 
correlations with specific fish activity. 
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Figure 7  The results of fish monitor and scan in August 4-7, 2008 
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This graphic shows the relationship with specific fish activity and the S::can 
readings. TOC and DOC readings showed fluctuations during the period 
between 4th and 7th of August (Figure 7). Two dots in the TOC and DOC 
parameters that occur on 6th August correspond with the ToxProtect64 specific 
activity graph spike at 21:49. This shows that two independent water quality 
analysers gave a similar result, thus indicating that fish are sensitive to water 
quality fluctuations and can show similar graphical spikes as does the 
spectrometer. 
 
 
On August 14 at 11:27 am, an alarm was generated as soon as the highest 
fluctuation point occurred. During this morning, there was an increase in 
specific fish activity. In addition, TOC and DOC decreased by about 1.5 mg/l 
(Figure 8). 
 
 
During August 26, TOC and specific fish activity increased simultaneously as 
indicated on the spectrometer and the fish biomonitor. The reason for this is 
unknown (Figure 9). 
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Figure 8  The results of fish monitor and scan in August 14-15, 2008 
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Figure 9  The results of fish monitor and scan in August 26, 2008 
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It is noticeable that specific fish activity in the summer is much higher than in 
the winter, when the River Daugava is covered by ice and other free pollutants 
are frozen (Figure 10). This means that more attention should be paid to water 
quality in the summer rather than in the winter. 

Figure 10  The specific activity of fishes from the set up time 

 
During fluctuations, water samples were taken to investigate what toxins in the 
Daugava River the fish were sensitive to, but unfortunately the spectroscopy 
did not identify any toxin-related decrease in water quality. 
 
Since this document refers to the results until March, activities in spring have 
not yet been reported. It is reasonable to think that, with the ice melt and 
increasing level of contamination, there will be the possibility that from April to 
June there will be more alarms during high water levels and, of course, during 
Riga HES dam maintenance. 
 

Conclusions  
 
Sporadic pollution with toxic substances occurs in the Daugava River that needs 
to be monitored and better investigated.  
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Appendix 4 
 
Monitoring campaign for turbidity and the application of 
the Resuspension Potential Method (RPM) 
 

Background 
 
The water distribution network of Riga is oversized, due to a drastic decrease in 
water consumption in the city during the last two decades. Water from the 
Baltezers and Baltezers-2 groundwater sources contain relatively high levels of 
iron and manganese, which results in the formation of loose deposits in the 
network. Most of the pipes in Riga are made of cast iron, which are prone to 
corrosion. The measurements of the corrosion rate in Riga showed that parts of 
the network, which are supplied from Daugava WTP, are exposed to a pitting 
type of corrosion (Gruškeviča et al 2008). Analysis of customer complaints 
about high turbidity show most occur in the central part of the network where 
flows from opposite directions are colliding, thus sedimentation of loose 
deposits takes place.  From the above, it could be hypothesized that there is a 
high potential of resuspension of loose deposits and an increase in the turbidity 
of water in the Riga water supply system. However, according to data from 
previous routine monitoring by Riga Water, the water quality meets the 
Regulations in respect to iron < 0.2 mg/l and turbidity < 3 NTU in drinking water 
(Table 1).  Thus, the aim of this study was to evaluate the use of the 
resuspension potential measurement (RPM) method developed in WP5 for the 
Riga Water supply system (Vreeburg 2007, Rubulis et al 2008, Neilands at al 
2009) and to find out which sites in the network are those where discoloration 
of water is most likely to occur. 
 
Table 1: Results of daily analyses on water in the city network of Riga in 2007 (Riga Water, 
personal communication). 

 
 
 



eTECHNEAU D7.5.3 Risk assessment of Riga Water Supply, August 2009 
   

67 

Methodology  
 
Several sampling sites (15) have been continuously monitored with ULTRATURB 
plus™ and controller sc 100™ (Dr. Bruno Lange GmbH&Co, Düsselfdorf, 
Germany) throughout the whole city network (Figure 1).  
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Figure 1. Map of the drinking water distribution network with indicated complains of 
discoloration and location of WTP in Riga city. The complaints about discoloration in 
communities of Riga city for years 2005-2007 are summarized and RPM points in the year 
2008 are shown. Hatched areas - number of complaints in the specific area. The location of 
suburb Adazi is indicated roughly (adapted from Neilands et al., 2009). 

 
Since the pipes in the city centre are old and not in perfect condition, the 
method could not be applied in every quarter, thus, especially the central zones 
have not been tested properly. The procedure for RPM is based on the principle 
of why discoloration is formed; the velocity of the water in the pipes is 
increased which causes resuspension of loose sediment that is measured 
continuously (as turbidity) for 15 minutes. Data are then manipulated and the 
resuspension potential quanified on a scale from zero to 15. In Riga, it has been 
found that almost all of the points in the network the potential exceeds 9 which 
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is quit high discoloration risk (as reported in Table 2). Moreover, this data 
comes from zones where complaints about discoloration are not frequent - in 
some cases close to zero. Thus, as a result, it can be concluded that turbidity in 
the Riga network is a problem as indicated by the resuspension potential and as 
confirmed by customer complaints. 
 
Other conclusions are that a better monitoring system for turbidity is needed 
due to inadequate interpretation of results from grab sampling. In fact, since 
resuspension is a phenomenon that occurs intermittently, a continuous 
measuring system may be needed to catch the moments in which peaks in 
turbidity occur. This can be a useful observation for establishing a better 
monitoring system while improving the evaluation of risks in the Riga water 
supply network. 
 
Table 2: Main results for discoloration risk during a sampling campaign applying RPM with Dr. 
Lange equipment in Riga city. Discoloration risk is rated in scale from 0 to 15 where 0 is the 
best rating equivalent with “no discoloration risk” and 15 – the worst rating or “maximum 
discoloration risk”. With * showed dead-ends, with / separated length where changes of 
diameter took places or the distances from hydrant to the nearest junction of pipelines. 

N 
Location in 

Figure 1 
diameter, 

mm length, m RPM 
average 

turbidity, NTU 
1 A* 100 24/114 11 109.9 
2 B* 100 162.3 14 29.9 
3 C* 100 636.8 13 51.2 
4 D* 100 334 10 22.8 
5 E* 150 130/204 14 136.3 
6 F* 100 357.3 2 1.3 
7 G* 100 89.7 12 21.2 
8 H* 100 196.7 9 7.5 
9 I* 100 88.5 15 31.3 

10 J 200 50.8/124.5 15 60.7 
11 K* 100 632.2 14 32.5 
12 L 200 208.7/113/163.5 13 13.6 
13 M* 150 162 9 5.6 
14 N 250 30/271.8 7 5.1 
15 O 200 97.8/102.2 9 4.6 

Conclusions 
 
There is a high resuspension potential in the Riga water distribution network 
which can lead to a discoloration event. Routine sampling of turbidity, which is 
carried out by Riga Water, does not allow the actual problems in the network to 
be identified. 
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Appendix 5  

Bacterial regrowth in water distribution networks 
 

Background  
 
Growth/regrowth of bacteria during drinking water distribution is an important 
aspect of water quality. This can lead to process malfunctioning (e.g. clogging of 
pipes, filters), aesthetic (taste/odour) deterioration of the water, and in the 
worst case, hygienic deterioration of the water (growth of pathogenic bacteria) 
(Lee et al., 1980; van der Kooij, 2000; Vital et al., 2007; Vital et al., 2008). Even if 
disinfection is used during/after treatment, a depletion of the disinfectant 
residuals may create an opportunity for bacteria to proliferate in the system.  
 
Monitoring and prediction of regrowth and biological stability requires accurate 
tools with which to quantify all bacteria that are alive. Drinking water analysis 
has relied for many years on the heterotrophic plate count (HPC) method for 
this purpose. This method quantifies the number of bacteria that are capable of 
forming colonies on a given growth medium under defined incubation 
conditions (Bartram et al., 2003; Uhl and Schaule, 2004). Unfortunately, only 
extremely small fractions of drinking water bacteria are cultivable; hence the 
HPC method totally underestimates the concentration of viable bacteria in a 
water sample (Hammes et al., 2008; Berney et al., 2008). HPC measurements 
will likely lead to inaccurate data for growth modelling and an erroneous 
interpretation of the regrowth potential of a water sample. 
 
An initial goal of the Riga case study was the testing of new/alternative 
methods for measuring of suspended biomass in drinking water. These 
methods were developed by Eawag in TECHNEAU WA3 to a level of application. 
The methods were flow cytometry (total cell counts and viability analysis) and 
ATP analysis (Berney et al., 2008; Hammes et al., 2008; Siebel et al., 2008). 
What is decidedly different in this case study is that the water in Riga is 
chlorinated as a final treatment step, while the Eawag methods were 
developed on non-chlorinated drinking water. Therefore a key question was 
whether the new methods would suffice for these analyses. 
 
A second goal was combining the biomass measurements with a hydraulic 
model developed by RTU for the Riga case, with the purpose of 
following/characterising regrowth during drinking water distribution, and with 
the later purpose of using such data in the refinement of the bacterial growth 
models that RTU are developing in WA5. 
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The measuring campaign was conducted over 14 days in August 2008. RTU 
researchers developed the sampling strategies and protocols and two Eawag 
researchers were on-site measuring with a flow cytometer and an ATP analyzer. 
The initial results from this case study were presented at the HDID conference 
in Bochum, Germany (Hammes et al., 2009). 

Materials and methods 
 
Water samples were collected from approximately 50 hydrants spread across 
Riga. A detailed sampling plan was proposed by the RTU researchers, relative to 
hydraulic models for the water in the city and taking into account the three 
different waterworks that supply Riga with drinking water. A sampling protocol 
was prepared to ensure that the water samples represented the location in the 
network and not localised contamination in the hydrants (Figure 1). The 
hydrants were first flushed thoroughly for a 3 minutes after which a smaller 
continuous flow (0.1-0.14 L/sec) was monitored by on-line measurement of pH, 
temperature and conductivity. The water was deemed ready for sampling when 
these parameters remained stable. The flushing protocol was also tested, with 
samples taken during the flushing at 10-minute intervals and measured for 
microbiological parameters as described below. Samples were taken in sterile 
plastic beakers, kept cooled and transported to the laboratory for analysis 
within 4 hours of the sampling. All samples were analysed by flow cytometry 
for total cells and intact cells, and by ATP analysis for free ATP and bacterial 
ATP. 
 

 
Figure 1. Sample collection from hydrants across Riga. A portable hydrant (A) was installed on 
location, then (B) flushed hard for a 3minutes and then (C) flushed gently in combination with 
on-line monitoring before samples were taken. 
 
Staining and flow cytometry were performed as previously described (Hammes 
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et al., 2008; Berney et al., 2008). In short, for working solutions, SYBR Green I 
(SG) (Invitrogen AG, Basel, Switzerland) was diluted 100x in anhydrous 
dimethylsulfoxide (DMSO), and propidium iodide (PI; 30 mM) was mixed with 
the SYBR Green I working solution at a ratio of 1:50 (SGPI). From every water 
sample, two 1 mL sub-samples were prepared and stained with both SG and 
SGPI at 10 µL/mL. Before analysis, samples were incubated in the dark for 10 
minutes (SG) and 15 minutes (SGPI) respectively. Prior to the flow-cytometric 
analysis, the water samples were diluted with 0.22 µm filtered commercially 
available bottled water (Evian, France) to 10 % v/v of the initial concentration. 
FCM was performed using a Partec SL instrument (Partec GmbH, Münster, 
Germany), equipped with a blue 20 mW solid state laser emitting light at a fixed 
wavelength of 488 nm. Green fluorescence was collected at 520 ± 10 nm and 
red fluorescence above 630 nm. The trigger was set on the green fluorescence 
channel and data were acquired on two-parameter dot-plots. The CyFlow SL is 
equipped with volumetric counting hardware and has an experimentally 
determined quantification limit of 1000 cells/mL (Hammes et al., 2008).  
 
ATP was measured using the BacTiter-Glo™ Microbial Cell Viability Assay 
(Promega Corporation) and a GloMax® 20/20 Luminometer (Turner 
BioSystems). The BacTiter-Glo™ reagent was prepared according to the 
manufacturer’s guidelines, with a 2 h period of “burn-off” to reach maximum 
sensitivity with low background signals. The prepared reagent was stored in 1 
mL aliquots in the dark at -20 °C until use. Total ATP was measured as follows: 2 
mL of the water sample was transferred into a 2 mL Eppendorf tube and 50 µL 
of the ATP reagent was transferred to a separate sterile 2 mL reaction tube 
(Greiner Bio-One). Both sample and reagent were heated for at least 1 min in a 
heating block at 38 °C. Thereafter, 500 µL of the sample was transferred to the 
50 µL reagent, and the mixture was incubated for a further 20 s in the heating 
block (38 °C). The luminescence was subsequently measured as an integral over 
10 seconds, expressed in relative light units (RLU). The RLU values were 
converted to ATP concentrations using a calibration curve, prepared with a 
pure rATP standard (Promega Corporation) diluted in sterile water to different 
concentrations. Extracellular ATP was separated from cell-bound ATP by 
filtration of the sample with 0.1 µm filters (Millex®-VV, Millipore) using a sterile 
10 mL syringe. The filtered water (containing the extracellular ATP) was then 
measured with the same protocol described above. Bacterial ATP was 
calculated by subtracting extracellular ATP from total ATP. All ATP 
measurements were done in triplicate. Specific care was taken that all 
equipment, consumables and surfaces in contact with the ATP samples were 
sterilised prior to use. 
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Results and discussion 
 
In a first series of control experiments, samples were collected during the 
flushing of the hydrants and analysed for microbiological parameters. Visually 
the samples in the beginning were often brown and turbid (Figure 2), 
sometimes to a level where analysis was not possible. This was, however, not 
uniform – different hydrants displayed different degrees of turbidity and 
contamination. Microbiological analysis showed clearly the need for a specific 
sampling protocol – both microbiological parameters (ATP and FCM) decreased 
clearly during the flushing, and usually stabilised after about 40 – 60 minutes of 
flushing (Figure 2). 
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Figure 2. Typical examples of water collected at 10-minute intervals during hydrant flushing. 
Visually brown and turbid samples were sometimes observed (A), while both bacterial ATP 
and the concentration of intact cells decreased considerably during the flushing (B – E). 
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Flow cytometry analyses particles (read bacteria) based on specific parameters 
such as size and fluorescence (colour and intensity). In the present study, we 
utilised either SYBR Green I alone (total cell concentrations) or in combination 
with propidium iodide (intact cell concentrations) (Berney et al., 2007; 2008). 
Chlorination is used in the Riga drinking water train as a final disinfection step. 
Chlorination is an oxidative process that damages cell membranes; therefore, 
this combination of dyes would allow distinction between the cells damaged by 
the chlorine, and the cells either remaining intact or growing in the distribution 
network (Figure 3). 
 

 
Figure 3. The impact of chlorination (laboratory scale, ct = 10) on bacterial cells in drinking 
water as measured with flow cytometry analysis. Samples before and after chlorination were 
stained with SYBR Green I and the combination of SYBR Green I & propidium iodide, 
respectively. The chlorination did not lead to total disintegration of the cells, but clearly 
permeabilised the bacteria and allowed propidium iodide to enter the cells. 
 
It is evident that some of the samples contained nearly 100 % bacterial ATP, 
while some samples contained nearly 100 % free ATP (Figure 4). Low 
concentrations of bacterial ATP and high concentrations of free ATP were 
typical for samples taken directly after, or in close proximity, to the treatment 
plants, where chlorination caused cell death and the release of ATP from these 
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cells. This clearly shows the importance of distinguishing between these two 
ATP fractions when analysing drinking water ATP concentrations. 
 

 
Figure 4. The ratio between free ATP and bacterial ATP in all the water samples that were 
analysed during the case study. 
 
An important aspect of this study was the comparison between the two 
independent methods that were used to assess the microbiological parameters. 
We have shown elsewhere that a good correlation can be obtained between 
the concentration of bacterial ATP and the concentration of intact cells in 
freshwater environments (Hammes et al., submitted). In the present study, the 
added advantage was that the FCM staining with propidium iodide made 
specific distinction between live and dead cells, and hence a rather good 
correlation should be expected. Figure 5 shows the correlation between the 
intact cells and bacterial ATP. The data suggests an average cellular ATP 
concentration of about 1 x 10-16 g/cell, which is consistent with data collected 
for freshwater environments in our group and elsewhere (Webster et al., 1985; 
Hammes et al., 2008; Berney et al., 2008; Hammes et al., submitted). The 
importance of this correlation is that it indicates that both methods were 
accurately targeting the viable bacteria in the water samples. This further 
strengthens the argument that cultivation-independent parameters, and not 
heterotrophic plate counts, should be used for the assessment of biological 
stability and regrowth during drinking water treatment and distribution. 
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Figure 5. A comparison between intact cells measured with flow cytometry and bacterial ATP 
concentrations in all samples collected during the case study (n = 160). 
 
The HPC method is the conventional way for analysing the general microbial 
quality of drinking water. Data from this method is used to predict biological 
stability and to assess events during drinking water distribution (Uhl and 
Schaule, 2004). Due to the tedious nature of the HPC method, and the short 
time period available for the case study, not all samples were analysed with this 
approach. Figure 6 shows the (absence of) correlation between the 
concentration of intact cells (with flow cytometry) and the concentration of 
cultivable cells (with HPC). The values differed by several orders of magnitude, 
and on average, only about 0.09 % of all intact cells were cultivable. This is 
consistent with previous studies about the cultivability of drinking water 
bacteria (Hammes et al., 2008; Berney et al., 2008), and raises serious questions 
about the relevance of this parameter.  
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Figure 6. A comparison between intact cells measured with flow cytometry and heterotrophic 
plate counts (HPC) in samples collected during the case study (n = 40). 
 
The flow cytomeric intact cell count data were combined with a hydraulic 
model for the drinking water distribution system of Riga. With the model, the 
age of the water at the various hydrants could be estimated, and the 
concentration of cells can then be plotted as a function of time. Figure 7 shows 
an example of data from five hydrants that were definitely supplied by the 
same drinking water plant and that did not have significant mixing with water 
from other treatment plants. The water originally has a low intact cell 
concentration (c.a. 10,000 cells/mL) due to the chlorination process at the end 
of the treatment train. However, as the water progressed in time/distance from 
the treatment plant, the increase in intact cells can clearly be observed in the 
numbers and in the FCM dot plots. Bacteria from both the groups of high (HNA) 
and low (LNA) nucleic acid bacteria are seen. This data clearly shows that FCM 
in combination with a hydraulic model can be used to assess directly the 
biological stability and growth of bacteria in a full-scale drinking water 
distribution system, even when chlorine is used as disinfectant. 
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Figure 7. The increase in intact bacterial cell concentrations as a function of time during the 
distribution of drinking water. 
 

Conclusions 
 
 What data has been obtained and what could be the risk to Riga Water? 
 The case study showed that the flow cytometry and the ATP methods could 

be used on location, meaning in a different laboratory and with different 
types of water than where the methods were developed. This robust nature 
makes these methods interesting for future applications. 

 In addition, it was shown that chlorinated water can be assessed quite easily 
with the dual staining approach used here, and a follow-up laboratory-scale 
study of chlorination-assessment with flow cytometry has already been 
initiated at Eawag. 

 The strong correlations between independent ATP and FCM measurements, 
and the weak correlations with conventional HPC data, suggest that the 
cultivation independent methods should be considered for the assessment 
of biological stability and growth during drinking water distribution. 

 The data does not indicate the presence of any specific risk to Riga Water, 
since only general microbial quality was assessed. However, the data clearly 
shows that regrowth did occur during distribution of the drinking water in 
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Riga. Specific future tests should focus on whether this regrowth potential 
also applies specifically to pathogenic bacteria. 
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Appendix 6 
 
Detection of pathogen intrusion through water treatment 
and in the networks 
 
Background 
 
The proportion of waterborne disease outbreaks associated with distribution 
system failures has increased over the years (Moe and Rheingans 2006). Eighty-
six waterborne outbreaks have been reported during 1990-2004 in 10 out of 25 
EU countries (Risebro et al. 2006). Both surface and groundwater supplies were 
implicated in these outbreaks, however almost half as many cases of illness 
were reported for groundwater supply outbreaks compared to the surface 
water supplies. The predominant agents were Cryptosporidium, Campylobacter, 
Norovirus, Giardia (Risebro et al. 2006) and E. coli O157 (Mannix et al. 2007). 
The common causes of outbreaks were surface runoff in groundwater, which is 
only chlorinated and cross-connections. Maintenance work and negative 
pressure has also been implicated as aiding pathogen intrusion in the drinking 
water supply system (Nygard et al. 2007). In US, documented waterborne 
disease outbreaks are primarily the result of technological failures or failure to 
treat the water (Craun et al. 2006).  
 
The traditional methodology for water sampling and analysis is not always able 
to ensure public safety regarding both (i) the strategy of sampling and (ii) the 
choice of the detection method. Not only is the sampling strategy limited to 
sampling a limited quantity of water, but actually, most of the bacteria are 
attached to the inner surfaces of the pipes forming the biofilm. The 
phenomenon of biofilm formation, or the attachment of microorganisms to the 
inner surfaces of the drinking water distribution system, has been well 
documented (see reviews in references Keevil 2002; O’Toole et al. 2000; Parsek 
and Singh 2003). The attachment of organisms to surfaces has been shown to 
alter their physiology. Attached organisms were found to be generally more 
active in absorbing nutrients, as well as being more resistant to environmental 
stress such as starvation, heavy metals and chlorine (Backer 1984; LeChevallier 
et al. 1996). It has also been shown that bacteria attached to surfaces show a 
greater resistance to disinfection (Gilbert and Brown 1995; Keevil et al. 1990; 
LeChevallier et al. 1988; Saby et al. 2005). Biofilms in distribution systems may 
provide a favorable condition for some bacteria, such as opportunistic 
pathogens (e.g., Legionella spp., Pseudomonas aeruginosa, and Mycobacterium 
avium), to colonise and may harbor pathogens, such as Salmonella enterica 
serovar Typhimurium, which have entered the distribution system (Armon et al. 
1997; Berry et al. 2006; Keevil 2002; Parsek and Singh 2003).  
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The absolute majority of cells in the drinking water are not culturable meaning 
that they will not grow in the culture media (Colwell and Grimes, 2000). The 
cells which are otherwise culturable (e.g. E. coli) under certain conditions may 
enter a state of unculturability and these are called VBNC (viable but not 
culturable) (Oliver, 2005) or ABNC (active but not culturable) cells. Bacteria in 
the environment are exposed to different stresses through which they may 
become unculturable using the common media for these bacteria. Such 
bacteria have acquired stress resistance by active mechanisms, which, in turn 
are genetically programmed but have developed recalcitrance to culture 
(Kjelleberg et al. 1993). The formation of VBNC or ABNC cells has been 
proposed as a survival strategy as a response to mild environmental stress.  
 
The aim of this study was to determine the number of pathogenic viruses, 
protozoa and indicators of faecal pollution, both in culturable and VBNC form, 
in raw water sources and the drinking water of Riga. 
  
Materials and methods 
 
An Ultrafiltration method for concentration of water samples was developed 
within the TECHNEAU project and is described in the publicly available 
deliverable D3.2.4. The findings of the study (D3.2.4.) were: 
 
 − The concentration of maximum volumes of 2000 litres produces high 
recovery rates (> 65%) for all organisms except Campylobacter,  
− The results of several experiments have a standard deviation between 7-33%, 
− The efficiency of the detection of Cryptosporidium and Giardia is much higher 
and more reproducible than with the existing Envirochek concentration 
method, 
− Concentrates obtained with the Hemoflow installation can be post-

concentrated without a significant reduction of the recovery rate, 
− Post-concentration of phages must take place by centrifugation with 

Centricon®, 
− Post-concentration of bacteria must take place by centrifugation (5-10 min, 

900 g) with complete examination of the pellet, 
− For the assessment of F-specific and somatic phages, the examinable volume 

has been increased from 10 ml to 2000 litres, 
− The Hemoflow concentration method makes it possible to simultaneously 

concentrate the organisms that are to be examined.  
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Biofilm collectors were used for sampling pathogens in the biofilm. The collectors 
(Figure 2) were placed in the drinking water distribution system for a period of 2 
weeks. After that, they were removed and processed in the laboratory. The coupons 
were sonicated and the liquid was subjected to FISH and DVC-FISH analyses.  
 
 

 
Figure 2. Biofilm collectors and the treatment of the samples for total and viable/active cell 
analyses. 
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Figure 3. Sampling sites. The red circles indicate the treatment utilities.  

Biofilm and water concentrate samples were taken from the sites shown in 
Figure 3. Direct Viable Count (DVC) in combination with FISH was used in this 
study. The method was developed by Kogure et al. (1979) and later improved 
upon by Joux and Lebaron (Joux and Lebaron 1997) and it is based on the 
incubation of bacteria with an antibiotic (nalidixic acid), which prevents cell 
division but not the biosynthesis processes. As a result, the active cells become 
elongated whereas inactive cells retain their appearance. Later improvements 
of the technique concerned the application of a cocktail of antibiotics and thus 
the technique became applicable for bacterial community analyses including 
bacteria, which are resistant to nalidixic acid. According to the critical review by 
Kell et al. (1998), the exact mechanism of DVC is not clear, although the cell 
elongation is assumed to be growth potential related. The technique has gained 
quite a lot of popularity (Baudart et al. 2002; Kalmbach et al. 1997; Lisle et al. 
1998; Pommepuy et al. 1996; Regnault et al. 2000), also together with FISH as 
the elongated cells build up 16S rRNA and are marked by the probe even more 
strongly. It has been shown before that DVC counts are usually higher than the 
plate counts (Hoefel et al. 2003; Joux and Lebaron 1997) perhaps, because the 
bacteria which have been exposed to stress only have an ability to divide a 
certain number of times (Button et al. 1993) and it is not sufficient to produce 
visible colonies. The detailed protocol of biofilm sampling and analyses of total 
bacterial number and DVC is presented in Table 2. 

Teik

MASKAVAS 
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 Table 2: Protocol for Biofilm Analysis 

Sample collection and treatment 
1. Remove coupon from coupon collector and place in a sterile vessel. Add 40 ml of sterile 
distilled water. Repeat this for an additional two coupons. 
2. Sonicate both surfaces of each coupon for 2 min at 20 µA and 22 KHz.  
3. For further analysis, suspension obtained is used. 
Total bacterial number 
1. Take 0.001 – 0.01 ml of sonicated sample and filter on 25-mm-diameter 0.2-µm-pore-size 
filters (Anodisc; Whatman plc).  
2. After filtration, fix the sample with 3-4% formaldehyde for 15-20 minutes without removing 
the filter from the filtration device. 
3. Then wash the filter with sterile distilled water (on filtration device). 
4. Stain the sample with 10 µg/ml DAPI (4’,6-diamidino-2- phenylindole, Merck) for 10 minutes. 
5. Wash the filter with sterile distilled water, remove the filter from the filtration device and air-
dry. 
6. Count at least 20 fields of view for each sample.  
7. Express the result as number of cells per cm2 of coupon surface ((average cell number per 
volume * fields of view on filter * total sonicated volume)/area of coupon)  
8. Stain the sample with 10 µg/ml DAPI (4’,6-diamidino-2- phenylindole, Merck) for 10 minutes. 
9. Wash the filter with sterile distilled water, remove the filter from the filtration device and air-
dry. 
10. Count at least 20 fields of view for each sample.  
11. Express the result as number of cells per cm2 of coupon surface ((average cell number per 
volume * fields of view on filter * total sonicated volume)/area of coupon). 
FISH/DVC-FISH 
1. Put 1 ml of suspension in a sterile Eppendorf tube and centrifugate for 2 min at 6,000 rpm 
(2500g).  
2. Carefully remove the supernatant and resuspend the pellet in 1 ml of Tryptone Soya broth 
and 10 µg/ml Nalidixic acid mix. 
3. Incubate the samples in the dark for 6 h at 30°C.  
4.  After incubation, wash the samples 5 times by centrifugation at 6000 rpm (2500g) for 2 
minutes. Each time resuspend the pellet in sterile distilled water. Final resuspension should 
yield 1 ml of sample. Proceed with FISH. 
5. Filter 1 – 0.1 ml of sample (depending on biofilm thickness) on 25-mm-diameter 0,2-µm-pore-
size filters and add 3-4% formaldehyde solution. 
6. Fix the samples on the filtration device for 15 minutes, and then wash the filter by filtering a 
large volume (approximately 100 ml) of sterile distilled water. 
7. Remove the filter from the filtration device, put on clean glass slide and air-dry. 
8. Put 20 – 30 µl of PNA hybridization mix consisting of hybridization buffer and 200 nM of 
fluorescently labeled ECOLIFILM PNA probe. Cover the filter with the cover slide and place into 
a humidified vessel. 
9. Incubate the samples in the dark for 60 minutes at 57°C. 
10. After incubation, place the filters back on the filtration device and wash by filtering through 
a large volume (approximately 100 ml) of sterile distilled water. 
11.  Apply 10 µg/ml DAPI and stain for 10 minutes. 
12. Wash with plenty of sterile distilled water. 
13. Remove the filter and air-dry. 
14. Visualise the samples by epifluorescence microscopy. For detection of E. coli with 
ECOLIFILM probe use a narrow range Y3 filter (Ex: 545 ± 30; Em. 610 ± 75, dichromatic mirror 
565 nm). 
15. Count positive events for 20 fields (if 350 or more cells are present) or 60 (if less than 350 
cells are present) fields of view. 
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16. Calculate number of cells in filtered volume (average cells per field of view * number of 
fields of view on filter). 
17. Express the result as number of positive events on cm2 of coupon surface (number of cells 
in 40 ml / area of coupon surface).  

 
Cultivable E. coli from both water and biofilm samples were detected by the 
plate count technique. The membrane filters were incubated on TBX medium 
(Oxoid Ltd, UK) for 24 hours at 37°C. Typical blue/green colonies were counted 
and results were expressed as CFU per milliliter (water samples) or per cm2 
(biofilm samples). All samples were analysed in triplicate. 
 
The heterotrophic plate count was performed using R2A medium with 
incubation at 35°C for 48 - 72 hours. 
 
For analyses of parasitic protozoa, a commercially available kit Aqua-Glo™ G/C 
that is EPA - approved for use in Methods 1622 and 1623 was used according to 
the manufacturer’s instructions (Waterborne Inc, New Orleans, LA, USA). 
Hepatitis A antigen was determined in an authorised laboratory in Latvia. 
Risk analyses for bathing and potable water were performed as described by 
Ryu et al., 2007 with a modification of reducing the swimming season from 5 to 
3 months in a year. 
 

Results and Discussion 
 
A small number of cultivable E. coli was found in in the drinking water network 
(Table 1), in the river water and after the biofilters (one instance) at the surface 
drinking water treatment plant using the concentration technique (Table 2). 
Biofilm analysis of 72 coupons did not reveal any cultivable E. coli cells.  The 
average concentration of bacteria/cm2 ranged from about 1.8*103 to 5.5*107 
and the concentration of heterotrophic bacteria ranged from 17 to 1.5*106 
depending on the sampling site and the time.  
 

 
 
Figure 4. (A) DVC-FISH positive E. coli cell from the drinking water network (B) 
Cryptosporidium in a water sample. 
 

A                                                                 B 
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An independent commercial laboratory found coliforms (but not E. coli) in 3 out 
of 5 concentrates from a same spot in the network. In contrast to the cultivable 
E. coli, the FISH method indicated the presence of viable E. coli in all the 
concentrated samples (Table 3). E. coli cells were found in the river water and 
in the sample with the highest degree of concentration, as would be expected. 
However, the cells were also present and DVC positive in the drinking water. E. 
coli was found in 90% of the coupons (and the concentration ranged to 65 
cells/cm2 if biofilm). The numbers found in biofilm lie in the range of what has 
been found previously in biofilm of the Riga drinking water network (Juhna et 
al., 2007). Rough calculations taking into account the surface area of the Riga 
drinking water system and the amount of water which passes through daily, 
indicate that the concentration of E. coli in biofilm is higher than in water. 
 
Some cells were detected using the concentration method, but not the biofilm 
collectors. The highest concentration (1.83 cells/ml) was found in the Daugava 
River. Thus according to the data, the concentration of large volumes of 
drinking water analysed using cultivation of E. coli indicates that the drinking 
water meets the standard in almost all cases. This finding is similar to what has 
been previously shown (Hambsch et al. 2007). 
 
Table 3.  Summary of total cell, heterotrophic bacteria, and cultivable E. coli data from five 
independent concentration experiments performed in the same spot within the distribution 
network. 
 

Site Ziemelblazma 1.day 2.day 3.day 4.day 5.day 

Time, date 
(started) 01.12.08., 21.25 

02.12.08., 
21.00 

03.12.08., 
21.15 

08.12.08., 
22.15 

09.12.08., 
22.15 

Time, date 
(finished) 02.12.08., 8.00 

03.12.08., 
9.00 

04.12.08., 
8.00 

09.12.08., 
8.00 

10.12.08., 
8.00 

Duration (hrs) 10,5 12 10,75 9,75 9,75 
Initial water 
meter, m3 1,93 2,34 2,921 3,449 3,841 

Water meter 
after, m3 2,34 2,921 3,449 3,841 4,186 

Amount of 
water filtered, l 410 581 528 392 345 

Amount of 
concentrate, l 0,55 0,45 1,1 0,865 0,755 

Degree of 
concentration 745 1291 480 453 457 

average 5,32E+04 3,11E+04 1,08E+04 3,09E+04 3,61E+04 Total bacteria, 
ml water STD 5,51E+03 2,17E+03 9,25E+01 5,39E+02 2,48E+03 

average 1,20E+03 2,94E+02 1,13E+02 5,78E+02 8,27E+02 Heterotrophic 
bacteria, ml STD 2,94E-01 6,54E-02 1,47E-01 3,54E-01 2,86E-01 

average 0 0,017 0 0 0 Cultivable E.coli, 
ml STD 0 0 0 0 0 

Cultivable 
coliforms*, ml average 0 0,017 0,015 0,47 n.a. 

Cultivable average 0 0 0 0 n.a. 
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E.coli*, ml 
FISH (E. coli/ml) average 0,05 0,03 0,02 0,04 0,09 

DVC-FISH (E. 
coli/ml) average 0,013 0,004 0,008 0,017 0,077 

Cryptosporidium  +/- - - - +/- 
Giardia  - - - - - 

*analysis performed by certified lab 
 
Pathogenic protozoa were analysed in the water concentrates and in the 
biofilm. In some samples, Cryptosporidium was found (Tables 3, 4 and 5, Figure 
4). Giardia was only found in the raw water (Table 5). The +/- signs indicate that 
an absolutely conclusive positive could not be affirmed due to a low signal or a 
strange shape. The presence of Cryptosporidium was confirmed in the drinking 
water treatment station, after the biofilters and in the chlorinated 
groundwater. Those particular samples were the most concentrated samples in 
the series. No parasitic protozoa were found in the biofilm, except one case of 
possible Cryptosporidium and there the identification could not be 100% 
confirmed due to a low fluorescence signal. Compared to the reported 
concentrations in e.g. France (Mons et al., 2009), the concentrations of 
protozoa in the raw water in Riga were medium to low. The reported 
concentrations in rivers Seine and Marne ranged from 0.05 till 24.5 oocysts/l 
and 0.05-50 cysts/l. 
No parasitic protozoa were found in any of the 72 analysed biofilm samples. 
 
Table 4.  Summary of total cell, heterotrophic bacteria and cultivable E. coli data from 4 
independent concentration experiments performed in the same spot within the treatment 
train (after biofilters). 

Site River Daugava After biofilters After biofilters After biofilters 

Time, date (started) 09.05.08., 
16.00 

07.05.08., 
16.30 

16.04.08., 
20.00 

04.04.08., 
17.30 

Time, date (finished) 12.05.08., 8.00 09.05.08., 8.30 18.04.08., 9.00 
08.04.08., 

11.30 
Duration (hrs) 64 39 37 90 

Amount of water filtered, l 0,4 1,437 1,574 3,865 

Degree of concentration 364 2395 2422 5946 

Total bacteria, ml 2,83E+06 
 

2,55E+06 
 

3,46E+04 1,00E+06 

Heterotrophic bacteria, ml 5,16E+04 
 

1,86E+04 
 

7,45E+02 
 

6,17E+03 
 

Cultivable E.coli, 100 ml 1,83 0 0 0,6 

FISH (E. coli//ml) 5,28 0 0 0,59 

DVC-FISH (E. coli/ml) 1,92 0 0 0,29 

Cryptosporidium - - + +/- 

Giardia - - - +/- 
* Meter stopped/plugged, due to sediments 

 
In summary, it can be proposed that E. coli cells are not detected by the grab 
sampling method because, routinely, only small volumes of water are analysed, 
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and this is done using culture or enzymatic methods, which do not detect active 
but non-cultivable bacteria. The FISH-DVC number in all the samples was lower 
than the FISH number, which indicates that some of the cells are not viable. The 
DVC-FISH method would be a useful alternative to the culture methods since it 
takes significantly less time. E. coli was present in the water distribution 
network even if water most of the time met EU water quality standards, as 
checked by plate counting. Viable E. coli cells were detected in the biofilm of 
water distribution networks supplied with groundwater and surface water. The 
surfaces (and biofilm) of pipes in the water distribution network act as 
reservoirs of E. coli which have entered the water distribution network. It is 
possible that a small number of E. coli cells accumulate over a long period of 
time – either through malfunction of the treatment train or other intrusion and 
then the cells are washed out together with the rest of the biofilm into water at 
a higher concentration because of changes in the pressure. The concentration 
of the E. coli tended to increase with water residence time in the distribution 
networks supplied with chlorinated groundwater and treated surface water. 
Presence of even low levels of E. coli in biofilm compromises water quality (e.g. 
analysis and health), thus more attention to on-line monitoring and 
probabilistic risk assessment is needed. The DVC method could be used as a 
suitable alternative to the culture methods. 
 
Table 5.  Summary of total cell, heterotrophic bacteria and cultivable E. coli data from 9 
independent concentration experiments performed in Riga water distribution system. The 
source water – Lake Mazais Baltezers and river Daugava were also included. TBN – total 
bacterial number 
 

Site TBN 

Cultivable 
coliforms/100 
ml 

Cultivable 
E. 
coli/100 
ml 

DVC-
positive 
E. coli/ml Oocysts/l Cysts/l 

Site 
1,00E+07 18,55 3,02 2,99 0,93 0,96 

Lake Baltezers 
8,47E+06 6,40 2,67 2,52 1,41 0,38 

Daugava river 
4,57E+03 0,0000 0,0000 0,0010 0,10 0,00 

Baltezers after 
chlorination 

5,66E+04 0,0000 0,0000 0,0000 0,00 0,00 

Zakumuiza after 
chlorination 

9,77E+03 0,0000 0,0000 0,0000 0,00 0,00 

Daugava after 
chlorination 

1,30E+06 0,0196 0,0000 0,0108 0,00 0,00 

Ziemelblazma 
2,16E+05 0,0064 0,0064 0,0009 0,00 0,00 

Teika 
1,27E+05 0,0169 0,0127 0,0093 0,00 0,00 

Imanta  
3,46E+04 0,0000 0,0000 0,0009 0,00 0,00 
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The daily risks calculated for ingestion of bathing water regarding 
Cryptosporidium and Giardia were 3,89*10-4 and 1,89*10-4 in the lake Mazais 
Baltezers and 5,92*10-4 and 1,88*10-3 in the Daugava river, respectively. 
Therefore also the yearly risks are high, 9,29*10-3 and 4,53*10-3 in the lake 
Mazais Baltezers and 1,41*10-2 and 4,41*10-2 in the Daugava river, for 
Cryptosporidium and Giardia, respectively.  The combined daily risk of both 
pathogens was 5,78*10-4 and 2,47*10-3 in Mazais Baltezers and Daugava river, 
respectively. However the microscopy method does not distinguish between 
the pathogenic C. parvum, C. hominis, G. lamblia and G. intestinalis and the 
non-pathogenic species. The obtained risk calculations can be considered an 
overestimation as (i) the parameters used were quite high (2 hours of bathing 
every weekend in the summer season) and (ii) detailed analyses of the 
pathogenic protozoa were not made in this study.  

The risk of infections by Giardia in the drinking water is low as no cysts were 
detected in either biofilm or the concentrates. The risk of infections by 
Cryptosporidium could be calculated. In one sample out of 32 (Baltezers after 
chlorination) and in one occasion from 3 in this sampling site a single oocyst 
was found. The daily risk thus amounts to 1,31*10-5 and the yearly risk to 
4,77*10-3. Although it exceeds the accepted daily risk of 1,00*10-4, it has been 
shown earlier that a single detected oocyst is sufficient to achieve an average 
yearly risk of infection exceeding this value  (Smeets et al., 2007). 

Virus Hepatitis A was analyzed in the samples presented in the Table 5 and no 
antigens were found in either raw or treated water. The values computed by 
Public Health Agency of Latvia referring to the cases registered in the time 
period from the years 2004-2009 indicate that the medium number of E. coli 
enteritis in month of May is 0,2 cases/10000 inhabitants. In addition there are 
in average 24,4 cases intestinal infections, 1,4 cases of giardiasis and 24,8 cases 
of Hepatitis A. In May 2009 there were 146 HVA cases registered in Latvia, 
however, since HVA antigen was not found in any of the samples it can be 
concluded that the increase in HVA cases in Riga is not connected with the use 
of drinking water. 

Cultivable E. coli and coliforms were found in 3 sites. These sites are located 
furthest downstream from the treatment plants. DVC method indicated the 
presence of E. coli in these sites as well. In most cases the number of E. coli 
does not reach 1 cell in 100 ml so the drinking water corresponds to the 
standard. Water treatment processes are effective in removing enteric bacteria 
through the physical processes of coagulation and filtration, and disinfection. 
No evidence shows that E. coli O157 is particularly resilient to these forms of 
treatment and, consequently, it is concluded that water treatment based on 
multiple barriers should form an effective barrier against E. coli O157. However, 
the concentration of the indicator is higher in the furthest spots in the network, 
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which suggest either regrowth, intrusion through repairs or through negative 
pressure events.  
In this study, relatively low risks of infection for Cryptosporidium and Giardia 
were estimated at the utilities using a combination of  chlorination and 
ozonation, indicating better treatability of these parasites using dual 
disinfection practices. Possibly the groundwater treatment utilities could apply 
additional treatment processes such as ozonation or UV disinfection to achieve 
inactivation of Cryptosporidium and Giardia. 
 
Conclusions 
 
 No viruses (Hepatitis A) were found in raw or drinking water. 
 Protozoa was present but at a level lower than that in other European raw 

water sources. 
 Rapid detection methods (DVC-FISH) are equal or better for detection of 

E.coli in water. 
 UItrafiltration methods for sample concentration are easy to use to obtain a 

representative sample from both raw and drinking waters. 
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Appendix 7 

On-line analysis of organic matter in Riga water 
distribution networks 
 

Background 
 
UV/Vis spectroscopy allows the collection of much more specific information 
on the removal efficiency - and subsequent concentrations - of (organic) 
substances in water than conventional on-line sensors. This makes for better 
management of specific treatment steps. It has been reported that, for 
example, the parameters turbidity, total organic carbon (TOC), dissolved 
organic carbon (DOC), nitrate and nitrite (Rieger et al 2004) can be readily 
monitored with UV/Vis spectral measurements. Other examples are the 
prediction of disinfection by-product formation by chlorination (Korshin et 
al, 1997) and chlorine demand (Chow et al., 2006). Furthermore, the use of 
two on-line spectrometer instruments, placed before and after a treatment 
step, and the calculation of the differential spectrum between these two 
instruments could open up a completely new field of water quality 
monitoring and process control as it allows calculation and predictions of 
water quality parameters previously unavailable. Thus, it will provide 
actuators for control of the treatment procedure and create opportunities to 
innovate the performance of monitoring and control systems of treatment 
processes. 
 
Materials and Methods 
 
On-line UV/Vis measurements were performed using a submersible, two 
beam spectrophotometer, spectro::lyser™, from scan Messtechnik. The 
probes installed were equipped with a 35 mm measuring cell, and measured 
absorbance between 200 and 750 nm, with a resolution of 2.5 nm. The 
instrument is built as a compact submersible sensor enabling measurement 
of UV/Vis spectra directly in liquid media with a detector precision of 0.004 
extinction units, which corresponds to 0.10 abs/m for the instrument used. 
Signal drift is < 0.01 extinction units in 30 days both in water and in air. The 
linear range of the instrument in absorption measurements is between 0 - 
70 abs/m.  
 
The instruments were installed in a flow through cell (Figure 1), which 
allowed connection of the instruments to fire hydrants for water quality 
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measurements.  In total, 30 sampling points in the Riga distribution network 
were investigated. At each sampling point, the hydrant was flushed until 
stable pH and conductivity readings were obtained before measurements 
with the spectro::lyser were started. This led to stable results, and reliable 
and plausible UV/Vis spectra were obtained from all of the sampling points. 
In addition, pH and conductivity readings were obtained at all of these sites 
and oxidation-reduction potential (ORP), temperature, residual chlorine 
(total and free) as well as TOC results from a Shimadzu 5000A (Shimadzu 
Corporation, Kyoto, Japan) analyser at a number of the sites.  
 

 
Figure 1: Sampling setup with spectro::lyser in flow cell. 
 

The spectro::lyser was also used to monitor the raw water, more specifically 
Daugava River water, over an extended period. A similar experimental setup 
was used for this monitoring trial (Figure 2). During this raw water study, the 
spectro::lyser was installed in parallel with the BBE-Moldaenke ToxProtect64 
fish biomonitor. The results of this study were reported in Appendix 3 of this 
deliverable. 

The ToxProtect64 and spectro::lyser were set up on Riga HES dam, and 
connected to Riga Water Pumping Station No.1 to test raw water from the 
Daugava River. 

 

 
Figure 2: Installation of spectro::lyser for raw water monitoring  
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The spectro::lyser™ is equipped with calibration algorithms that allow the 
measurement of turbidity, nitrate and TOC and it also performs automatic 
turbidity compensation of the spectrum. The latter allows the subsequent 
calculation of DOC. These calibrations were developed using multivariate 
statistical analysis of a large dataset of absorption spectra of different 
waters (Langergraber et al. 2003). In multivariate analysis, the entire 
spectrum is used in the search for concentration - spectral relationships. Full 
spectral analysis is required here, as the overlapping spectra of the 
substances present in the water produce a complex background. Linear 
relations between single determinants and absorptions at single 
wavelengths are often impossible to find, or are strongly affected by cross-
sensitivities. The model applied, Partial Least Squares (PLS) regression, 
combines full spectral analysis with various validation procedures and outlier 
tests to reach both high correlation quality and robustness (Otto, 1999) even 
in complicated mixtures of substances. A more detailed description of the 
methods applied can be found in Langergraber et al. (2003). 
 
In addition to the standard spectral algorithms, it is possible to develop more 
specific algorithms that are optimised for local conditions or water 
compositions.  
 

Results and Discussion 
 
At all of the sampling sites investigated, measurements with the 
spectro::lyser were performed for only a short period, between 1 and 8 
hours. All of the sites were visited only once within a single month (August 
2008). This means that the results obtained present a snapshot of the status 
of the network at that moment in time, but no assessment on variability 
over time or the representativeness of these results for the drinking water in 
Riga can be made based on these data. Long-term data collection at several 
sampling points would be required for this. 
 
However, the collected data does provide some useful insight into the 
drinking water distribution system in Riga. The network is fed by three 
different sources. Each of these water sources has its own characteristics: 
Zakumiuza and Baltezers are groundwater plants whereas Daugava WTP 
provides drinking water produced from the River Daugava.  This leads to 
distinct differences in the water composition. The water from Zakumuiza 
typically has a TOC value of 1 mg/L whereas the water from the other 
sources has a much higher TOC content of around 4 – 8 mg/L. This was 
clearly observed in the UV spectra as well. The absorption levels seen in the 
Zakumuiza water are significantly lower than those seen in water from the 
other plants (Figure 3). 
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Figure 3: Spectra for the three different sources. 
 
Despite this difference in the absolute absorption level, which fits very well 
with the known differences in TOC concentrations for the three different 
sources, the spectral shape of the three different waters is not very 
different. The reason for this similarity could not be elucidated during this 
study. It means, however, that spectral shape cannot be used in the 
distribution network to distinguish the origin of the water at a particular 
sampling point. The combination of spectral absorbance with physical 
parameters, such as pH, conductivity and temperature, should make this 
possible however, as these parameters were quite distinct for the three 
sources. 
TOC estimation using the spectral data was attempted based on the spectral 
data. Due to the availability of only a small number of reference analyses, 
the calculation of TOC is preliminary, but a good correlation was found 
nevertheless. Initially, the TOC and DOC values calculated by the standard 
algorithms of the spectro::lyser were evaluated. These did, however, not 
provide accurate concentrations. Using the reference TOC data, which was 
comprised of eight analyses in total with at least two analyses per water 
source, a new TOC algorithm was developed. Using this algorithm, a 
correlation of R2 = 0.81 was found between the laboratory values and the 
spectral TOC concentration. Considering the small number of samples, this is 
an acceptable result. It is expected that this correlation can be further 
improved upon when a larger dataset, i.e. containing 30 or more reference 
analyses, is used. With such a small dataset as used here, unavoidable 
experimental and analytical errors have a disproportionally high influence on 
the result. Only when more samples are used is it possible to assess and 
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remove outliers and averaging will cancel out some of the uncertainty 
introduced by these errors. 
 
Using the algorithm found, the TOC levels at all 30 sampling points were 
calculated. The result is plotted in Figures 4 and 5. 
 

 
Figure 4: Overview of the Riga distribution network. The sampling points are shown on 
the map together with their codes. Yellow marks are sampling points supplied from 
Daugava, blue marks are supplied from Zakumuiza, purple marks from Baltezers and black 
dots are from more than one source. 
 
Using the new TOC calculation, clearly different TOC levels in the different 
zones can be seen. Intermediate levels are found in the areas where water 
from different sources can mix. It must be noted as well that at some 
sampling sites, the values deviate from what would be expected when 
looking at concentrations at neighbouring nodes.  These differences can in 
some cases be explained directly from the spectra; sampling points IM-X and 
AK-Y did not reach stability before the end of the measurement series. The 
elevated turbidity observed in these samples results in slightly lower TOC 
values. The sampling points OC02 and Daugava were sampled one and two 
weeks respectively, before all other sampling points were investigated. The 
higher TOC value observed at OC-02 could be due to natural fluctuation in 
the drinking water produced from the Daugava River, reflecting variation in 
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the organics level in the water source. Alternatively, an elevated TOC level in 
this part of the network could be the cause for this observation. Based on 
the results obtained, the cause cannot be distinguished.  Finally, at VM-04 
and VM-02, surprisingly high TOC levels were observed, which do not match 
with the indicated source of the water. The Zakumuiza water has a very low 
level of TOC, and therefore it appears that the water seen at VM-04 and VM-
02 during the sampling campaign (partly) originates from the Baltezers plant.  
 
 

 
Figure 5: Recalculated spectral TOC values plotted on the Riga supply network. Yellow 
marks are sampling points supplied from Daugava, blue marks are supplied from 
Zakumuiza, purple marks from Baltezers and black dots are from more than one source. 
Values on yellow background: turbidity too high during measurement. Values on blue 
background: measured at least one week before the sampling campaign. 
 
Raw Water monitoring 
The results obtained with the spectro::lyser at the Riga HES dam are more 
extensively discussed in Appendix 3.  During several water quality changes 
observed by the fish biomonitor, absorbance data were collected using the 
spectro::lyser. Most noteworthy are the events on the 4th, 6th and 26th of 
August. Coinciding with all three of these events that were detected by the 
biomonitor, small but significant changes in the absorption spectrum could 
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be detected. In all cases, there was no distinct peak present in the spectrum. 
In all cases, however, a change in the overall shape of the spectrum (see also 
Figure 6) could be observed. This seems to indicate that at least no single 
contaminant that was visible to UV/Vis spectroscopy was present at a high 
concentration. The changes observed rather indicate that the overall quality 
of the water changed somewhat.  
 

 
 
Figure 6: Spectral change during biomonitor event on August 26. 
 
Risk assessment 
The results discussed above have shown that the spectro::lyser can be used 
to monitor organic compounds in drinking water and in source water. 
Different compositions and / or concentrations of organic substances can be 
detected and sometimes quantified. Changes in these concentrations can be 
monitored. The latter capability was clearly shown in the river monitoring 
case. Even small changes in the water composition were detectable. 
Although the spectrometer does not allow identification of the cause of the 
change in most cases, it is a very useful tool for monitoring the state of the 
water in the water sources and the distribution network. As such, it can be 
used to indicate compositional changes and in case these are out of the 
ordinary / do not comply with changes seen before, the results can be used 
to warn operators, hence they can be used as a real time indicator that 
investigation of the water quality is required. As such, it is a tool that is 
valuable for on-line and real time risk evaluation.  
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Its main use in terms of risk assessment is monitoring the water quality and 
looking for changes therein. Such changes can be classified in knowns and 
unknowns and known changes that comprise a risk as well as unknown 
changes can be cause for alarm.  
 

Conclusions 
 
Spectrometer probes were successfully used to measure both raw water and 
drinking water in Riga. In the distribution network, water quality, in terms of 
UV/Vis absorption spectra were analysed. Using this technique, it was 
possible to distinguish between drinking water coming from the different 
sources that are used in Riga. Furthermore, it was possible to estimate the 
TOC level of the water using a new spectral algorithm developed for this 
location.  
 
During monitoring of the Daugava river water, changes in water quality 
could be tracked and in some cases, these changes triggered a different 
response from the ToxProtect64 fishbiomonitor (Appendix 3). This confirms 
that the spectrometer probe can be used to detect small changes in water 
composition, and hence can be used as a tool to monitor the potential risks 
to the drinking water supply. 
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Appendix 8 
List of hazards and priority of intervention 
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Appendix 9 
Hazards description, related risks and risks evaluation 

 

Partial class Total points
1

1.1.1
Constant contamination with endocrine system 
disruptors.

Chronic effects U Ma* H** 14 14

Long-lasting lack of water (total) U Ma H 14
Serious health effects R C H 15

Short-lasting lack of water R Mo L 3
Long-lasting lack of water (total) R Ma M 10

1.1.4 Microbiological contamination. Relevant health effects U Ma H 14 14

1.1.5 Water intake from HES disrupted by ice sludge. Short-lasting lack of water Mo Mo M 8 8

Relevant health effects* U-Mo Co-Ma M-H 9-18
Decreased water quality U-Mo Mo L-M 5-8

1.1.7
HES water basin contamination by blue-green algae 
toxins.

Chronic effects U-Mo* Ma** H 18 18

Short-lasting lack of water U Mo L 5
Long-lasting lack of water (total) U Ma H 14
Considerable health effects* U Co M 9

Short-lasting lack of water R Mo L 3
Long-lasting lack of water (total) R Ma M 10

Annex 1: Hazards description, related risks and risks evaluation

SYSTEM HAZARD DESCRIPTION RELATED RISK POSSIBILITY DAMAGE
GRADE OF 

RISK
PRIORITY OF INTERVENTION

There are no available datas for pesticides and pharmaceutics by Riga water company. The latest studies say that 
hormone-like activity can be found in every water sample. At the moment no estrogenic activities have been found in 
drinkable water (component 7.5.2). The concentration in surface water are reported to be as "normal" compared to the 
average or beyond other reference levels.  Anyway, more analysis will be made. Concerning pesticides, drinkable water 
respects law limits, and analysed concentration in fish population of dioxides, PCP, DDD, DDT doesn't exceed that 
observed in Sweden (Valters, 2001).
*= General interference in endocrine systems (Campbell et al, 2006). Not directly dangerous for life; it can cause serious 
health effects for continuous exposure and high concentration.
**= To be put as lower priority intervention, since problems haven't been reported so far.

This accident has never been reported to happen. However, due to the possible severe consequences, it has to be 
included in the list of hazards for futher evaluations.

1.1.2
Sporadic chemical contamination in the Daugava 
river basin.

29

Note: there's a kind of monitoring in the Daugava river, since there are informal communications between Riga water 
company and Daugavpils water quality lab, that provide information about water anomalies (Rigas Udens, personal 
communication). However, this is not thought to to be enough, since: 1- the comunication is not formal (laboratory is 
not "obliged" to report anomalies) and 2- the contamination can arise after Daugavpils control points.

1.1.3
Disrupted or suspended water intake from Riga HES 
in the event of dam damage.

13

No direct datas available so far. The main information are got through FISH monitoring, and this monitoring didn't give 
any evidence about microbiological contaminations. One episode of poisoning is under investigation. Other information 
are given through Health Agency Monitoring system. Hepatitis A cases in Latvia increased dramatically in 2008. Thus, at 
the moment, attention is needed to evaluate if the problem can be related to water contamination.

Problems have been reported just once, two years ago (Rigas Udens, personal communication). The water flux has been 
partially interrupted. If this even will happen more often, corrective actions will be needed.

The only episode of alarm in FISH monitoring system occurred when the water level was lowered by two meters to 
allow maintenance works on the dam.

1.1.6 Contamination by agicultural fertilizers. 26

No precise data on fertilizers amount in Daugava basin. However, amount of nutrients in drinkable water samples in 
2008 (e.g. COD) was very low. No problem concerning this topic were detected, even if studies suggest that nutrient 
wahing from the soli is likely.

**= Algae toxins can cause several and serious health problems, mainly if the exposition is continuous. However, the 
removal can be effectively made if the Daugava treatment plant ensures proper process. Algae amount can be reduced 
by lack of light in the reactors. (AWWA, 1999)

1.1.8 Too low water level in HES. 28

1.1.9
Disrupted or suspended water intake from HES in the 
case of terrorism.

13

Kind of event never reported to happen so far, but a plan is necessary if needed.

*= The fertilizers, being nutrients, can enhance the regrowth of bacteria in the network.

*= Since data are not very precise and the amount of concentration in the biomass samples is relevant, the problem 
can't be excluded for sure. Further evaluation is needed.

*= Consequences of the poisoning event are under investigation and have not been cleared yet. However, since the 
poisoning event is thought to be a fecal contamination, Daugava treatment plant can lower the effect.

Analysis were carried out in every raw water source, during algae bloom, to estimate the problem. Daugava basin 
biomass samples had the highest concentration for LR and YR Microcystin (>300 g/g DW).



eTECHNEAU D7.5.3 Risk assessment of Riga Water Supply, August 2009 
   

104 

 


