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Abstract 
 
The drinking water plant in this case study is a combined groundwater and reverse osmosis 
plant in the Stockholm archipelago. The reverse osmosis purification step was added to the 
plant in 1995. This technique is relatively new in Sweden and there are possibilities for it to 
become a good complement to conventional drinking water treatment. The plant has used this 
technique for over 10 years with good results. It is therefore of great interest to evaluate and 
document it for the possibility to implement this technique in areas not connected to 
conventional drinking water production.  
 
Reverse osmosis separates the incoming water to a clean permeate and concentrate of 
removed particles, larger molecules and ions. This technique has a high purification degree. It 
can remove dissolved particles and microorganisms without disinfection. However, it is 
relatively expensive due to a high electricity consumption compared to conventional drinking 
water treatment. The high electricity consumption in this kind of system depends on a 
phenomenon called membrane fouling caused by the constituents in the raw water, gradually 
becoming enriched on the membrane surface.            
   
The aim of this thesis was to evaluate and document a drinking water plant in the Stockholm 
archipelago from a social, economical, technical and environmental perspective. A social 
survey in the form of a questionnaire was conducted to reveal opinions about the water quality 
provided by the plant. The economical evaluation was done to estimate the cost of drinking 
water production and find the water cost in Kr/m3. The technical part involved documentation 
of the plant layout and evaluation of its performance. To assess the performance historical 
chemical and microbial analyses were evaluated. A mass balance was attempted to draw 
conclusions for the overall system. The environmental part of the plant assessment, included 
an estimate of the electricity and chemicals use in the plant.          
 
The results revealed that from an overall perspective the water quality from the plant is 
satisfactory with some concerns about metal taste and turbidity that sometimes occur. The 
potential presence of dangerous algal toxins in the water was also a concern. The total 
production cost in Kr/m3 is higher than expected and higher than sales price. In technical 
terms, the plant has functioned well. However, there is a need to monitor more parameters in 
the plant including; more flow parameters, concentrations of added chemicals and more water 
quality parameters. Electricity consumption has been higher than expected. Control 
(throttling) valves in the brine reject are relatively large energy consumers and a 
recommendation is to investigate potential savings by changing them for pressure exchange 
valves.               
 
Key-words: Reverse osmosis, desalination, brackish seawater, groundwater, drinking water  
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1 Background 
 
In the Stockholm archipelago, there is a problem to supply the increasing population and 
tourists with sufficient amounts of drinking water with good quality. In the new Water 
Framework directive from the European Union, it is stated that all types of water should be 
protected to achieve a good ecological, chemical and quantitative status. This directive 
involves all types of water. The principle of minimal use and human influence should be 
applied. This affects the use of groundwater for drinking water supply. It must be phased out 
and plans for a more sustainable drinking water supply have to be established (The EU 
Information Centre, 2006). Some islands in the Stockholm archipelago have seen the reverse 
osmosis (RO) technique to desalinate seawater as a part of the solution for this problem. The 
possibility to use desalination of seawater is limited to houses in close connection to the sea 
and cannot be seen as a universal solution. Municipal drinking water is another possibility to 
supply the islanders with good drinking water. However, to supply Islands in the archipelago 
with municipal water is associated with technical difficulties and high economic costs 
(Broman and Hanson 2004, pages 19-20). Municipal water can also be seen as a short-term 
solution for areas in the Stockholm archipelago. The ecological footprint will be concentrated 
within a small area and may cause severe local effects as well as an effect of centralization. 
Another aspect is that the supply of drinking water in the region becomes more vulnerable 
because the water production is concentrated to only a few plants. More local water plants 
would divide the ecological footprint as well as promote a living archipelago. A more 
decentralized water production gives rise to possibilities for a local development towards 
sustainable development.   
 
The plant evaluated in this thesis is located at Utö Island in the Stockholm archipelago. 
Before 1995, this plant only used groundwater to produce drinking water. Increase in tourism, 
salt intrusion, high concentrations of heavy metals, a decrease in groundwater level and the 
possibility to reach sulphur-containing water made it necessary to improve and develop the 
plant. Problems with salt water in groundwater wells, located in costal areas, have appeared 
since a long time and are well known. In the Stockholm region, this problem is so important 
and serious that it is claimed to affect local development (Roupe 2005, pages 13-15). During 
1995, a reverse osmosis treatment system was added to the former groundwater treatment 
plant at Utö. This RO system desalinates brackish seawater. It consists of pre-treatment steps 
(sand/bag/ cartridge filter), two RO modules and a post treatment (deacidification filter). The 
RO modules are the heart of the system, a pressure driven membrane technique.   
 
RO desalination may become a solution for small islands in the Stockholm archipelago. 
However, from a societal point of view, there are important barriers that must be overcome 
before this technique can be used on a wider scale. The RO technique has several advantages 
compared to conventional municipal water treatment. Two main advantages are (i) less 
chemical consumption and (ii) a high purification degree. Negative aspects are a limited 
capacity to handle large water volumes, high electricity costs and the demand for an extensive 
pre-treatment to prevent clogging. Recent studies from the Stockholm County Council have 
indicated that algal toxins produced during algal blooms can penetrate the RO membrane and 
could contaminate the drinking water. Problems with corrosion and high sodium 
concentrations in the treated water have also been found (Bluhm and Örnstedt, 2003).   
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The RO plant has been used for over 10 years and that proves its durability. The plant is 
therefore of great interest to evaluate and to document. This is not only for the local 
archipelago in Stockholm, but also for the general possibility to use this technique as a 
complement to municipal water treatment in costal areas.     

2 Aim and objectives of the thesis 
The overall aim of this thesis was to evaluate and document the Utö drinking water plant 
performance. This was performed in order to investigate if revere osmosis would be a good 
alternative for costal areas and islands in Sweden to implement instead of groundwater 
purification and the use of municipal drinking water. Sustainable development was the key 
concept for this evaluation. Important objectives were to analyze and evaluate the technical 
performance, compare economical costs, introduce ecological considerations together with 
social aspects. The economical considerations aimed to estimate costs of water production for 
a typical year and to calculate costs per produced cubic meter of water. It also included 
estimating the use of electricity per cubic meter of produced water. Comparisons between the 
plant and the nearest local municipal water treatment plant was made to see possible 
differences. To evaluate the technical performance, a chemical and microbial analysis was 
made at nine sampling points within the plant system and one sampling point outside the plant 
to establish a mass balance for the total system. Old chemical and microbial analyses were 
used as a reference for this new analysis together with indications of water quality over a long 
period of time. A survey with questionnaires was performed to include social aspects of water 
quality. Ecological considerations for this plant were difficult to evaluate. However, the use of 
electricity per produced cubic meter of water together with the use of chemicals served as 
indicators for this.           
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3 Introduction  

3.1  Local description 
Utö Island, Sweden, is an inhabited island of about 2 400 ha. The island is 10 km long and is 
situated 42 km southeast of the city of Stockholm. It is part of the Stockholm archipelago 
called Södertörn, which lies in the municipality of Haninge. The landscape is fairly flat with 
its highest peak approximately 40 m above sea level (Engberg and Schröder, 1999).  
 

 
             a)  

 
Figure 1. Location of the Water plant: a) map of Sweden, b) Haninge Municipality,  

C) Utö island and d) plant location (www.gis.lst.se 2006-07-10) 
 
Tourism is one of the main sources of income for the about 230 people living on the island. 
Thousands of tourists visit Utö during the summer months to experience its nature and the 
surroundings (Engberg and Schröder, 1999).   
  

 
Figure 2. Utö Island, Harbour, Photo (2006-05-18) 

In the islands early history, mining for iron ore was an important source of income together 
with farming and fishing. Mining started in the 12th century and ended in the year of 1879, 
due to better ore quality and more profitable mines on the mainland. During the beginning of 
the 18th century, the Plague killed most of the inhabitants. Shortly after, Russia 

• Stockholm 

• Utö • Utö 

Utö 

           b)   

c) 

d) 

• Plant 
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invaded the island and destroyed all mines. Luckily enough all people managed to 
survive (Engberg and Schröder, 1999).  

The excavation of ore gave rise to large mine openings, which were later used to provide 
groundwater to Gruvbyn at Utö. However, in the middle of the 1990:s, this water was 
abandoned due to high concentrations of dangerous metals and sulphur. A new water 
purification technique, called reverse osmosis, was introduced which desalinates seawater 
(Engberg and Schröder, 1999).  

3.2 Decision making process  
In the end of the year 1980, discussions were held at the Foundation of Stockholm 
archipelago (Stiftelsen Stockholms Skärgård), the present Archipelago Foundation of 
Stockholm County (Skärgårdsstiftelsen i Stockholms Län), about the possibility to improve 
and develop the fresh water resources on the island of Utö. During that time, the fresh water 
supply consisted mainly of water from mines and additional small wells. Factors such as 
increased tourism, together with increased water consumption from permanent and summer 
housing, gave rise to an immediate need to prevent a possible future water shortage 
on the island. In the beginning, the use of mine water was seen as a possibility to prevent this 
shortage. However, the drawbacks of this were soon realized. High concentrations of heavy 
metals such as manganese and arsenic were discovered in the drinking water. Besides this, the 
groundwater levels decreased from year to year and it became necessary to pump water from 
an increasing depth. There was also a risk to reach sulphur-containing water at greater depth. 
The situation was considered not sustainable and above all a potential health hazard for 
drinking water consumersi. During 1989, an investigation was made to find a long-term 
solution for the fresh water supply on the island. It was foremost two options that were 
discussed. One possibility was to supply Utö with municipal fresh water from the lake 
Mälaren through a water pipeline from Årsta havsbad to Gruvbyn at Utö. The other 
possibility discussed was to build a modern water plant on Utö. The solution to use water 
from the mainland could eliminate the current uncertainty that seawater could penetrate the 
water supply. Until 1993, these suggestions were weighed against each other to find the best 
solution. During 1993, the solution to use municipal water was abandoned. This was because 
it was expensive and could interfere with military exercises in the area of interest. The 
proposal to use a modern water plant in the form of desalination facility with reverse osmosis 
was chosen. The company Dricksvatten AB was engaged for the construction of the plant and 
it was estimated to be in full-scale operation in the winter/spring of year 1994 
(Skärgårdstiftelsen, 2006a).  
 
The desalination plant was installed during 1994 and test runs were made in the fall the same 
year. Decisions about certain complementations based on the results from previously 
performed test runs, delayed the final start-up somewhat. This included the installation of pre-
filters and reconstruction of the control box. Dricksvatten AB was declared bankrupt in 
December 1994 and the company HOH Vattenteknik AB was engaged. The water plant was 
finished in the fall of 1995. It was calculated to have a purification capacity of between 250 
and 300 m3 per day, which made it the most modern plant in Sweden and the Baltic Sea area 
(Skärgårdstiftelsen, 2006a).    

                                                 
i Björn Hedbäck at Skärgårdsstiftelsen, phonecall 15 May, 2006.   
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4  Theoretical background  

4.1 Drinking water quality  
In Sweden, drinking water quality is based on recommendations and regulations from the 
National Food Administration (SLVFS 2001:30) and the National Board of health and 
Welfare (SOSFS 2003:17) (SOS 2006; SLV 2001). SLVFS 2001:30 is based on the World 
Health Organisation’s guidelines for drinking water quality (SLV, 2001). Appendix 10 shows 
guideline values according to SLVFS 2001:30.    
 
Micro- and macro algae, cyano bacteria, boron and bromide are constituents found in brackish 
water, costal water and seawater. These are very rare to be found in fresh water systems. 
Some free-living bacteria are also found in saline waters and not found in fresh waters. The 
bacteria family Vibro ssp is one example of this, including bacteria such as V. 
parahaemolyticus and V. Cholerae.  Algal processes may produce extremely harmful exo- 
and endotoxins. These are one of the most toxic compounds known to man. They are very 
stable and may resist heating and chlorination and usually need a long contact time to be 
destroyed. Many exo- and endotoxins have been identified, but most certainly there exist 
many still unknown toxins. Monitoring the intake of brackish water is an important control 
measure to minimize the risk of having drinking water contaminated with toxic algae (WHO, 
2006).  
 
The radioactive gas radon can be found in high concentrations (about 20 Bq/l) in 
groundwater. This occurs in the presence of uranium in soils and rocks, as a consequence of 
the uranium radionuclide chain (WHO, 2006). Uranium is another possible risk source for 
groundwater from drilled wells in hard rock. The risk of uranium is its toxicity. There are no 
guideline values for uranium in drinking water in Sweden. However, the World Health 
Organisation (WHO) has a recommendation of  9 µg/l. High content of iron- and manganese 
are also common for this type of water. Low pH and high concentrations of aggressive 
carbonic acid can be found in some groundwaters. This kind of water can cause technical 
difficulties because it is corrosive. High concentrations of chloride can be found in costal 
areas (e.g. Stockholm archipelago) and cause salt groundwater. The problem with salt 
groundwater often increases with increased withdrawal. In some areas high concentrations of 
cadmium have been observed, especially in sedimentary bedrock. Arsenic concentrations may 
also exceed guideline values (10µg/l) recommended from the National Food Administration. 
This is relatively common in rock groundwater in areas with sulphide mineralization. 
Fertilization of agriculture is the most common source of nitrate in groundwater. However, 
nitrogen from single drains can sometimes affect single wells. Pesticides may also be present 
in low concentrations. The most occurring pesticides in Swedish water plants are BAM (2-6 
dichlorobenzamide), atrazine and bentazone (SGU, 2003). Natural groundwater can also 
contain considerable amounts of hydrogen sulphide and sulphate. Hydrogen sulphide has a 
smell of rotten eggs and is formed in deoxygenated water environments, in contact with rocks 
like black clay (e.g. limestone) or in pyrite containing shale and evaporating sand beds. 
Limestone rich grounds may contain much sulphur, leaching to the groundwater as sulphate 
(Kiely, 1998).  
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4.1.1 Chemical water quality 

4.1.1.1 Turbidity 
Turbidity is the measurement of the light transmitting properties of analysed water caused by 
colloidal or/and suspended matter (Metcalf and Eddy, 2003). In the outgoing water, turbidity 
can indicate that something is wrong with the physical (filtration) or chemical disinfectant in 
the plant. A brief increase in turbidity can indicate an increased possibility of water infection. 
There should be a functioning alarm that indicates increased turbidity (SLV, 2001).        

4.1.1.2 Odour 
Weak odour indicates some negative influence of the water, and may originate from natural 
inorganic, organic contaminants or biological sources and processes (e.g. aquatic 
microorganisms, corrosion, and as a result of chlorination) (SOS 2006; WHO 2006). The 
odour may be an indicator of pollution or malfunctioning during water treatment or 
distribution (WHO, 2006).  

4.1.1.3 Colour 
In ideal drinking water, there should be no colour. If drinking water is coloured, it may be due 
to: 

• Organic substances (e.g. humic and fulvic acids) originating from the top humic layer 
of soil.  

• Large concentrations of ions and other metals originating from corrosion or industrial 
pollution (WHO, 2006).   

4.1.1.4 Conductivity, 25 °C 
Conductivity is a measurement of the total salinity (total salt content) in the drinking water 
(SLV, 2001). High values, > 70 mS/m, can indicate high chloride values (SOS, 2006).  

4.1.1.5 pH 25 °C 
pH is a measure of the acidity of a solution caused by the activity of hydrogen ions (H+) 
(Metcalf and Eddy, 2003). Acidic conditions (low pH values) lead to an increased risk of 
corrosion on pipes and can lead to increased metallic concentrations in the drinking water. It 
can indicate influence of surface water or groundwater. High pH above 10.5 may be caused 
by an over dosage of alkaline compounds or precipitation of lime from cement covered pipes 
(SOS, 2006). For effective disinfection with chlorine, the pH should be < 8. However, a lower 
pH is likely to be corrosive (WHO, 2006).  

4.1.1.6 Alkalinity 
Alkalinity is a measurement of the buffering capacity (sum of HCO3

- and CO3
2-) and involves 

water’s capacity to accept hydrogen ions (Metcalf and Eddy, 2003). Buffering capacity is the 
waters possibility to resist changes in pH (Heidfors 2004).  

Buffering capacity: HCO3
- + OH- ↔ CO3

2- + H2O  
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4.1.1.7 Chemical oxygen demand, COD 
COD is an indirect measurement for organic compounds in water. Concentrations higher than 
4 mg/l can give smell, taste and colour. Free chlorine from disinfectants may react with 
organic constituents to form persistent chlorinated compounds. Within the distribution 
system, the disinfectant effect may deteriorate and give rise to possible microbial growth 
(SLV, 2001).  

4.1.1.8 Nitrogen and phosphorous compounds  
Free ammonia (NH4

+), together with organic nitrogen (Org N), total Kjeldahl nitrogen (TKN, 
Org N + NH4

+) nitrites (NO2
-), nitrates (NO3

-), total nitrogen (TN), inorganic phosphorous 
(Inorg P), total phosphorous (TP) and organic phosphorous (Org P) are all measurements of 
the nutrients present and the degree of composition in the drinking water. The oxidized forms 
can be taken as a measure of the degree of oxidation (Metcalf and Eddy, 2003). Of these, free 
ammonia, nitrites and nitrates are the only nutrient indicators, which has a guideline value in 
SLVFS 2001:30 (SLV, 2001). Anthropogenic contributions of nitrogen and phosphorous are 
the main factors causing eutrophication in seas and lakes. Phosphorous is regarded as the 
limiting compound in the Baltic Sea area and the main factor to prevent growth of 
phytoplankton. Ammonia is formed mainly in oxygen-depleted environments (SOS, 2006). 
Concentrations higher than 0.50 mg/l can occur naturally in raw water, but also be an 
indicator of raw water contamination with organic and inorganic fertilizers, sewage or 
industrial wastewater. Ammonia may also be a by-product if the water is disinfected with 
chloramines. High concentrations of ammonia may be associated with a risk for water borne 
infection. It can be transformed into nitrite in filters and long distribution lines (SLV, 2001). 
Ammonium in groundwater can be a natural indication of the presence of high concentrations 
of iron and humic acids (SLV, 2001). Nitrates and nitrites are oxidized forms of ammonium. 
Nitrite may be dangerous to infants and cause methaemoglobinaemia (so called blue baby 
syndrome). It have effects on the transport of oxygen in the body (WHO, 2006). Nitrate is 
considered harmful in drinking water in concentrations greater than 50 mg/l.  Nitrites are 
more harmful then nitrates and concentrations greater than 0.5 mg/l is not suitable in drinking 
water. Potassium has no guideline value from the Swedish National Food Administration 
(SLV, 2001). However, information from the Swedish National Board of Health and Welfare 
indicates that 12 mg/l potassium is unsuitable for drinking water with a remark. In water from 
well it may indicate influence of pollution, but may also have a natural geological origin 
(SOS, 2006).  

4.1.1.9 Fluoride 
Concentrations of fluoride over the 1.5 mg/l limit may occur in natural raw water, especially 
in groundwater. A low to moderate concentration of fluoride has a positive effect on dental 
status (SLV, 2001). Less than 0.8 mg/l fluoride gives a limiting caries protection, 0.8 – 1.2 
mg/l gives better protection, and 1.3 – 1.5 gives protection, but should not be given to 
children below six months (SOS, 2006). Only a very slight difference in concentration 
changes the effect from positive to negative. Concentrations over the limit increase the risk of 
getting enamel spots (enamel fluorosis). High concentrations over a long period of time may 
give rise to brittleness of the bones (osteoporosis) (SLV, 2001). Fluoride intake comes from 
drinking water, rather than from food. Desalinated water has a very low content of fluoride. 
Consumption of desalinated water may give a moderately to highly increased risk of caries 
(WHO, 2006).             
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4.1.1.10 Chloride 
Concentrations over 100 mg/l could be found both in natural groundwater and always in 
seawater. It speeds up the corrosion process and concentrations above 300 mg/l could give 
taste (SLV, 2001). Concentrations above 50 mg/l in groundwater can indicate salt-water 
intrusion (SOS, 2006).  

4.1.1.11 Sulphate 
Sulphate can occur naturally in raw water. Concentrations above 100 mg/l could give rise to 
increased corrosion and concentrations above 250 mg/l could give taste. High magnesium 
sulphate levels can irritate and have gastrointestinal effects (SLV, 2001).           

4.1.1.12 Aluminium 
Aluminium is acutely toxic to humans (WHO, 2006). Concentrations above 100 mg/l may 
occur naturally in raw water. Aluminium can cause sludge formation in the drinking water 
system (SLV, 2001). Concentrations around 0.50 mg/l in groundwater can be an indication of 
aluminium leaching from the ground as a consequence of acidic water (pH <5) (SOS, 2006).  

4.1.1.13 Iron  
Concentrations above guideline values can occur naturally in raw water, especially in 
groundwater. Another possible source of iron in drinking water could be process chemicals or 
corrosion attacks on steal and cast iron pipes. High concentrations in the outgoing water 
indicate that something is wrong in the water treatment process and also that the water pipes 
are corroding. High concentrations above guideline values can cause precipitation within the 
distribution system and installations (SLV, 2001). They also cause water discolouration (often 
brown), give taste, bad smell and damage textiles during washing (SOS 2006; SLV 2001).       

4.1.1.14 Calcium 
Calcium could occur naturally in raw water and also be added to the water as a process 
chemical. Concentrations above 100 mg/l can give rise to precipitation (especially when 
heating) within the distribution system, installations and vessels together with damage to 
textiles (SLV, 2001). Concentrations between 20 – 60 mg/l decrease the risk of corrosion. 
Another indicator of calcium is hardness (see 4.1.1.20) (SOS, 2006).  

4.1.1.15 Copper 
The main source of copper in drinking water is corrosion attack on copper pipes, especially 
new installations. Alternatively, it may occur if the water is hot or stagnant over a longer time. 
Concentrations above 20 mg/l speed up the corrosion process on galvanized pipes and can 
discolour sanitary goods and hair. Concentrations above 1 mg/l can give taste. The copper 
concentrations can be diminished if the water is flushed some minute at low temperature 
before drinking (SLV, 2001). Copper concentrations in treated water often increase during 
distribution, especially in systems with an acid pH or high-carbonate waters with an alkaline 
pH (WHO, 2006).  

4.1.1.16 Magnesium  
Concentrations above 30 mg/l can occur naturally in raw water. Magnesium can also be added 
as a process chemical. This is in first hand dolomite based alkalinity masses. It can also give 
rise to taste in waters above the guideline limit (SLV, 2001). Another possible indicator of 
calcium is hardness (see 4.1.1.20) (WHO, 2006).    
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4.1.1.17 Manganese 
Manganese above 0.050 mg/l can occur naturally in raw water (SLV, 2001), often together 
with iron (WHO, 2006). It may arise from the use of potassium permanganate in the treatment 
or from the use of manganese greensand (WHO, 2006). Concentrations above guideline value 
can also cause precipitation within the distribution system and installations. These 
precipitations can discolour water and give it a black tone. Manganese can also cause damage 
to laundry (SLV, 2001).   

4.1.1.18 Sodium 
Concentrations above 100 mg/l occur naturally in seawater and groundwater. It can also be 
added to the water from process chemicals (SLV, 2001).  

4.1.1.19 Zink 
There is no guideline value for Zink from the Swedish National Food Administration (SLV, 
2001) or the Swedish National Board of Health and Welfare (SOS, 2006). WHO does not 
recommend Zink concentrations > 3mg/l in drinking water for consumers. Drinking waters 
seldom contains Zink levels above 0.01 mg/l for surface water and 0.05 mg/l for groundwater. 
However, tap water may contain higher concentrations as a result of dissolution of zinc from 
pipes (WHO, 2006).  

4.1.1.20 Total hardness 
Hardness refers to the amount of certain positive metal ions in water, where magnesium ions 
(Mg2+) and calcium ions (Ca2+) are the most common (Spellman, 2003). It has no current 
guideline value from the Swedish National Food Administration or from the Swedish 
National Board of Health and Welfare. Magnesium and calcium guidelines have replaced 
hardness (SLV, 2001). WHO does not recommend a total hardness exceeding 500 mg/l. 
Concentrations higher than 200 mg/l may cause scale deposition in the treatment works, 
distribution system and pipe work within buildings (WHO, 2006).  

4.1.1.21 Pesticides 
The precautionary principle is the background for these guideline values (SLV, 2001). The 
most commonly occurring pesticides in Sweden are antrazine and its decomposition products 
de-ethylatrazine and desisopropylatrazine together with 2,6-dichlorobenzamide (BAM) (SLV, 
2006).  

4.1.2 Microbial quality  
The microbial quality is a general indicator of chemical and physical disinfection within the 
plant. A poor microbial quality, with microbial counts exceeding standard, may give rise to 
water borne diseases (SLV, 2001).     

4.1.2.1 Actinomycets 
The concentration of actinomycetes in drinking water is normally analysed when complaints 
for bad smell and taste have been filed (Stenström & Szewzyk 2006, p. 13). 

4.1.2.2 Heterotrophic plate count, 20°C, 2 days and 7 days 
This analysis has no guideline value from the Swedish National Food Administration (SLV, 
2001) or the Swedish National Board of Health and Welfare (SOS, 2006). The test for 
heterotrophic plate count (HPC) has little value as an indicator of pathogen presence. It 
detects only a small proportion of the microorganisms that are present in the water. However, 
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it functions as a helpful tool in operational monitoring as a treatment and disinfectant 
indicator. It can also be used when assessing the cleanliness and reliability of the distribution 
systems and the presence of biofilms (WHO, 2006).   

4.1.2.3 Number of slow growing bacteria 
This analysis indicates microbial growth within the distribution system or plant (SLV, 2001).  

4.1.2.4 Microorganisms, 22 ˚C, 3 days 
This analysis indicates an influence from water and soil, which normally is not of faecal 
origin (SLV, 2001). The parameter for outgoing disinfected water functions as a control of 
how the disinfection works. Abnormal amounts of microorganisms indicate that something is 
wrong with the disinfection. The parameter for consumer water is a general indicator of the 
microbial quality. Abnormal amounts could indicate leakage, cross connection, pollution of 
connections or something similar. High concentrations can be a risk for water borne 
infections. In this parameter, several types of microorganisms are included. Even, 
microfungus and actinomycetes are included if they can be found in the analysis. These 
microorganisms are usually a small part of the microorganism flora (SLV, 2001). 
Microorganism counts of more than 1000/ml are a serious hazard (SOS, 2006).   

4.1.2.5 Coliform bacteria, 35 ˚C 
The parameter indicates at first hand a contamination from surface water. Faecal influence 
from humans or animals (e.g. by sewage or manure) is also an important factor.  

4.1.2.6 Escherichia Coli, 44°C 
Escherichia Coli (E-Coli) is the best indicator of faecal contamination (WHO, 2006). It is an 
often harmless intestine bacterium, but may sometimes give rise to serious symptoms (SLV, 
2001). It is also the first organism of choice to indicate drinking water quality (WHO, 2006). 
Presence of E-coli bacteria is related to a broader risk of water borne infection. The parameter 
indicates faecal contamination from humans or animals (e.g. sewage or manure) (SLV, 2001).  

4.1.2.7 Clostridium perfringens 
This analysis is used as a general indicator of resistant disease causing microorganims (e.g. 
enteric viruses and protozoa) (SLV, 2001). Clostridium perfringens does not multiply in water 
environments (e.g. within the treatment plant) and incoming feed water is therefore the only 
source of this bacterium. Indirectly, the presence of this bacterium before and after a certain 
filtration process can therefore be a good indicator of the filtration efficiency (WHO, 2006). 

4.2 Desalination  

4.2.1 Pre-treatment of brackish sea water 
Brackish seawater has a salinity (salt content) in the range of 2000 to 10000 mg/l. About 90 % 
of the salt must be removed in order to comply with the WHO (World Health Organization) 
drinking water guidelines of 500 mg/l (Baker, 2004). In comparison, the Baltic Sea in the 
Stockholm archipelago has a salt content of about 7000 mg/l and the normal sea water about 
35000 mg/l. In brackish seawater desalination, the limiting factor is mostly of chemical 
nature. This involves precipitation and scale formation from for example calcium carbonate 
and sulfates (Redendo and Lomax, 1997).  
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Reverse osmosis needs a high quality feed to operate efficiently (Metcalf and Eddy, 2003). 
Pretreatment dominates therefore RO system design and operation (Baker, 2004). It is very 
important for long-time durability and drinking water quality (Metcalf and Eddy, 2003). A 
cartridge filter with a mesh size of 0.45 µm is often used before each RO unit to avoid fouling 
by suspended solids (See 4.2.4.4 fouling). As a complement to reduce larger particles, a sand 
filter is often used before the cartridge filter. Calcium carbonate scaling is the most common 
phenomenon to affect the efficiency of the membrane module. A scaling inhibitor 
(antiscalant) is often used in part of the pretreatment to avoid this. It increases the solubility of 
calcium carbonate in the concentrate stream and prevents (delays) its precipitation on the 
membrane module. A bag filter is sometimes used as a complement (back up system) to the 
cartridge filter. A part of the brackish water treatment plant on Utö is shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Part of the brackish water treatment at Utö water plant.  Picture shows the process from 
the cartridge filters (to the right) to the RO membranes (to the left). Photo 2006-05-18 

 
In general, pretreatment tries to achieve the following when using RO membranes (Redendo 
and Lomax, 1997):  
 

1. Reduce particles >1µm to almost zero to avoid membrane scaling caused by colloids;   
2. Reduce fouling effects caused by microorgansims (microbiological fouling); 
3. Adjust pH to a suitable level; 
4. Add antiscalant; 
5. If necessary, eliminate oxidizing compounds in the feed water.  

4.2.2 Automatic Dual-media pressure filtration  
In general terms, dual-media pressure filtration (sand filtration) is a separation technique 
using two solid granular media (for example hydroanthrasite and silica sand) in a closed steel 
vessel. This technique uses pressure difference to force a separation between solids of 
different sizes from water. There are two other forms of sand filtration: vacuum and gravity 
filtration. Similar to pressure filters, vacuum filters use a created pressure difference during 
separation. In contrary to vacuum- and pressure filters, gravity filters only use the 
gravitational force for separation (Sincero and Sincero, 2003). The major difference between 
these three types of separation is the speed of the process. Rapid filtration (vacuum- and 
pressure filtration) operates within the range of 100 to 200 m3/m2.d compared to only 1.0 to 
10 m3/m2.d for slow filtration (gravity filtration) (Spellman, 2003).          
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A pump is used to apply pressure to the incoming raw water. The water inlet, shown in Figure 
3, is found at the top of the pressure sand filter. The water flows downward through the sand 
bed (filter media) as a consequence of gravity and the initial pressure of the water. During this 
process, the suspended particles are separated from the raw water. The filtered water leaves 
the pressure tank at the bottom of the media layer (Sincero and Sincero, 2003). To remove the 
accumulated solids from the media layer, treated water is flushed through the system in 
reversed direction, i.e. backwashing (Spellman, 2003).  
 
 
 
 
 
 
 
 
 
 
 
 

F 
 

Figure 3: Pressure sand filter (Sincero and Sincero, 2003) 
 
 
The media used, the size distribution in the media and the effective grain size are the three 
parameters determining the separation of particles from the water (Sincero and Sincero, 2003; 
Faust and Aly, 1998). The effective grain size for granular media is ≥ 0.45 mm (Sincero and 
Sincero, 2003). Sand and gravel are the two most common media for drinking water treatment 
(Cheremisinoff, 2002). Often in multi-media filters (dual-media or triple-media), activated 
(charged) carbon anthracite is used as the top layer of the filter media. The size of the 
activated carbon and pore distribution are the two major properties affecting the overall 
adsorption (Faust and Aly, 1998). Chemical bonding and week Van deer Waals adsorption are 
the forces involved in anthracite adsorption. Anthracite has also a large surface area due to its 
porosity, which enhances its adsorption properties (Sincero and Sincero, 2003).   

4.2.3 Bag filter/Cartridge filter 
In general, a RO system requires suspended solids no greater than 25 μm (micron). Cartridge 
filters and bag filters in brackish RO water treatment is used as a back-up system, in addition 
to primary filtration, to protect the sensitive RO system from these solids (Perekh, 1988). 
Both filtration methods use pressure to filter the contaminated water from solids.   

4.2.3.1 Bag filter  
Liquid bag filtration is used for the reduction of particles in the size range of about 1-1200 
micron (µm). This is done by applying pressure and forcing the water feed through a filter bag 
unit, consisting of filter housing, a retainer basket and a filter bag. In general, they are used 
when filtering waters with a low suspended solids content. It means water with a content of 
solid particles lower than 1000 ppm (mg/l). The flow rate when these filters are used is about 
1 to 1000 m3/h. In operation, the filter bag is fitted with a top seal arrangement for location 
and sealing into a suitable pressure vessel. The contaminated water (with solids) is directed to 
the inside of the bag. The applied pressure moves the water to the outside of the bag, while 
the solids are contained. It is a very effective filtration method for removing particles from 



 13 

water (Dickenson 1997, pages 210-219). Today, bag filtration is not used so much and has 
been exchanged by other types of filtration methods. Bag filtration techniques are more 
commonly used to remove dust particles from gases (Richardson et al 2002, pages 390-400).         

4.2.3.2 Cartridge filter 
Cartridge filtration uses applied pressure to a filter cartridge to remove solid particles from the 
contaminated water (Richardson et al, 2002). The mesh size for the filter media is between 
50-5 µm (micron). The filter media normally used, has a pore size within the range of 25-5 
µm and varies depending on applied pressure (Spellman, 2003). The pressure range in which 
cartridge filters operate is fairly low; around 1-2 bar (Strathmann, 2005). A cartridge filter is 
made of a synthetic filter media (for example cellulose, rayon, wool or acrylic fibres (Perekh, 
1988)) enclosed in a pressurized housing made of plastic (polypropylene) or metal (stainless 
steel) (Spellman, 2003).  

In a cartridge filter, seen in schematic form in Figure 4, water is fed directly from the housing 
side into the filter. Permeate water is directed through a collection tube found in the centre. 
The lifetime of an effective filter depends on the concentration of constituents in the feed 
water. It can therefore vary from a few days up to several months (Strathmann, 2005).   
 

 

 

 

 

 

 

 

Figure 4: Scheme of a Cartridge filter (Strathmann, 2005) 

4.2.4 Membrane filtration 

4.2.4.1 Osmosis 
Osmosis is a naturally occurring phenomenon. In general terms osmosis occurs when a semi-
permeable membrane with respect to the solvent separates two different aqueous solutions, 
with differences in chemical potential. Formation of a chemical potential gradient between the 
two sides of the membrane is a result of factors such as hydrostatic pressure, concentration of 
solutes in the solvent and differences in temperature. Transport of solvent, such as water, in 
osmosis is driven in the direction from the diluted solution (low concentration of solutes) into 
the more concentrated solution (high concentration of solutes) (Strathmann, 2005). This 
transport ends when the difference in chemical potential are equal on each side of the 
membrane (KTH, 2004). This phenomenon is called osmotic equilibrium (Strathmann, 2005).  

4.2.4.2 Reverse osmosis (RO) 
Reverse osmosis, RO, is a separation technique for substances dissolved in water. Contrary to 
osmosis, it needs energy in the form of a pressure gradient to overcome the osmotic pressure 
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and resistance from the semi-permeable membrane filter to separate the solvent from the 
dissolved substances and ions. The applied hydrostatic pressure forces the solvent (water) to 
pass a semi-permeable membrane against the osmotic pressure. This means that the solvent is 
transported from an area of high concentration of solutes to an area of low concentration of 
solutes (Strathmann, 2005; Richardson et al, 2002).  
 
In the case of desalination of seawater, the dissolved saline substances from the feed water do 
not penetrate the membrane and instead form a saline concentrate called reject. At the same 
time, clean purified water (permeate) penetrates the membrane and becomes free from 
constituents. Factors such as membrane fouling and concentration polarization have a severe 
effect on the economy of any reverse osmosis desalination plant and are important parameters 
to optimize (Strathmann, 2005). This is discussed later in this chapter.   
4.2.4.3 Membrane performance  
In reverse osmosis, the membrane performance is usually described with the permeate flux 
(Jw) and salt flux (Js).  Permeate flux (or water flux) can be described as: 

)( π−Δ⋅= PKJ ww     (4.0) 

where Jw is the permeate flux, Kw is the membrane water permeation constant, ΔP is the 
applied pressure gradient and π is the osmotic pressure.  

The applied pressure gradient must overcome the osmotic pressure to achieve permeate flux 
(ΔP >π) (Baker, 2005). The osmotic pressure, π, for an aqueous solution with salt is given by 
(Strathmann, 2005): 

  π = ( ) isiaici CgTR ⋅+⋅⋅⋅ ∑ νν     (4.1) 

where R is the universal gas law constant, T is the absolute temperature in Kelvin, gi is the 
osmotic coefficient for compound i (correction factor for the no ideal behaviour of a solution), 
Cis is the concentration subscript of component i (refer to a stoichiometric coefficient), υic is 
the cation subscript (refer to a stoichiometric coefficient) and υia is the anion subscript (refer 
to a stoichiometric coefficient).         
 
The salt flux (or salt flow rate), Js, can be defined as (Baker, 2005):  
 
  CKJ ss Δ⋅=       (4.2) 
  
where Ks is the salt permeation constant and ΔC is the salt concentration difference across the 
membrane. 
 
Equation (4.0) shows that the water flux is proportional to the applied pressure and at the 
same time the salt flux, Equation (4.2), is independent of it. As a consequence of this, the 
membrane becomes more selective when the pressure increases (Baker, 2005).  

The separation capability (or selectivity) describes the “true” salt rejection for a membrane, 
and is defined as (Strathmann, 2005):  

    ⎟⎟
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where Ri is the salt rejection constant for a given component i at a defined hydrostatic 
pressure, f

iC is the concentration for a given component i at the membrane surface facing the 

filtrate and r
iC is the concentration for a given component i at the membrane surface facing 

the reject. 

4.2.4.4 Fouling 
Membrane fouling is a phenomenon where certain substances attach to the membrane surface 
or to the membrane pores, causing a long-term decline in membrane performance and 
permeate flux quality. This phenomenon is often irreversible and can cause severe problems 
in desalination of seawater with reverse osmosis along with a significant effect on the overall 
economics (Strathmann, 2005).   Fouling control is therefore the main concern in RO system 
design and during operation (Baker, 2004). The constituents in the feed stream and their 
concentration are generally the main cause of foulingii. Pre-treatment of feed water, 
membrane back flushing with water and/or air together with membrane cleaning agents are 
the general approaches to minimizing and controlling membrane fouling in RO water 
treatment plants (see 3.4.4.6 membrane cleaning) (Metcalf and Eddy, 2003). The velocity of 
the feed flow can also be controlled in such way that it results in decreased membrane fouling 
and therefore increases the lifetime of the membrane (Strathmann, 2005). Depending on the 
origin of the membrane fouling, they can be divided into different categories: organics, metal 
oxides, biological fouling, scaling, colloids and suspended solids. The main concerns in 
desalination of seawater with reverse osmosis are biological fouling, scaling, colloids and 
suspended solids (Meyer, Williams and Bhattacharyya, 2005).  
 
Microorganisms and their metabolic products cause biological fouling. Usually some kind of 
disinfection agent, such as a chlorine containing substance, is used to prevent this. However, 
chlorine substances can have a bad effect on some reverse osmosis membranes using 
polyamide as barrier layer (e.g. Filmtec membranes). If pre-treatment is made with a chlorine 
substance together with such a membrane, a chlorine removal step is necessary (Baker, 2005, 
pages 22-23). Removal of residual chlorine can be achieved by adding sodium metabisulfate 
(Na2S2O6) (Baker, 2004).  
 
Inorganic salt constituents in the feed stream can precipitate on the membrane surface and 
cause scaling. Removal of purified water (permeate) gives an increase in concentration of ions 
in the feed water. When this concentration exceeds the solubility limit, the inorganic salts 
precipitate as scale. Scaling is a big problem especially in feed water containing large 
concentrations of calcium carbonate, calcium sulphate, silica complexes, barium sulphate, 
strontium sulphate and calcium fluoride. Calcium carbonate scaling is one of the most 
common problems and can be controlled by lowering pH of the feed, using an ion exchange 
water softener or using an antiscalant chemical. At the Utö water plant, an antiscalant 
chemical is used called AmeRoyal 363. The use of antiscalant interferes with the precipitation 
of the insoluble salts and prevents it to scale. Even if the solubility limit is exceeded the salt is 
maintained in solution (Baker, 2004).   
 
Suspended solids can plug the feed channel and accumulate on the membrane surface. These 
cause additional resistance and a decrease in membrane flux. Removal of suspended solids 

                                                 
ii Mikael Ljung Service engineer HOH Vattenteknik AB, conversation on 5 May, 2006.  



 16 

can be done by using filters and screens prior to the RO membranes. Colloids can plug 
membranes and decrease flux. The most common method for colloids removal is to add a 
coagulant (e.g. Al3+), which forms larger molecules called aggregates. The formed aggregates 
can be removed together with the suspended solids (Meyer, Williams and Bhattacharyya, 
2005).             

4.2.4.5 Concentration polarisation  
Concentration polarisation is a phenomenon that occurs when retained seawater accumulates 
on the membrane surface (Baker, 2005). Components in the feed stream permeate through the 
membrane at different rates. This causes concentration gradients to form in the fluids of both 
sides of the membrane (Baker, 2004). Accumulated solute particles on the membrane surface 
cause a decrease in water flux (Jw), due to higher osmotic pressure (Baker, 2005). It means 
that the difference between the applied pressure gradient (ΔP) and the osmotic pressure 
(π) decreases. Compared to fouling, this is a reversible process, diffusion phenomenon, which 
can be controlled by proper process design (Strathmann, 2005).       

4.2.4.6  Membrane cleaning 
Even with proper pre-treatment and process design, substances will attach to the membrane 
and cause a decrease in water flux. Then it is necessary to clean the membrane (Strathmann, 
2005). FT30 elements used is recommended to be cleaned every time the normalized 
permeate flows drops 10 percent, or the normalized salt passage increases 5 percent, or the 
normalized pressure gradient increases by 15 percent from the reference condition established 
during the first 48 hours of operation (The Dow chemical Company, 2006).      
 
Membrane cleaning is divided into two separated groups; physical- and chemical cleaning 
methods (Baker, 2005). One common example of physical cleaning is backpressure flushing. 
Water is flushed in reversed direction through the membrane (KTH, 2004). The applied 
pressure on the permeate side of the membrane causes the permeate water to pass the 
membrane in reversed direction (Strathmann, 2005) at high velocity (KTH, 2004). This leads 
to removal of accumulated material on the membrane surface (Strathmann, 2005). However, 
in modules with high active surface area, such as spiral modules (Filmtec BW30-400), 
chemical cleaning is necessary to remove foulants on the membrane surface and no physical 
cleaning is made (Baker, 2005). When RO modules come to a standstill concentrated salt has 
to be removed from the membrane and physical cleaning in the form of purified clean water 
removes the saltiii.  
 
Commonly used chemical agents in chemical cleaning are alkalines, acids, metal chelating 
agents, surfactants, enzymes or a chemical product containing a mixture of these. Two 
examples of chemicals used are citric acid and some product containing the metal chelating 
agent ethylenediaminetetraacetic acid (EDTA), e.g. P3-ultrasil 10. Citric acid is used to 
remove calcium scales on the membrane surface, which can be a problem in desalination of 
brackish seawater with reverse osmosis (Baker, 2005). EDTA is a commonly used metal 
chelating agent because its properties to bind positive ions, such as Ca2+ and Mg2+, that 
otherwise would lead to clogging of the membrane pores (Baker, 2005; Hart, 2000). After 
some time, membrane cleaning is not enough to restore the water flux and the membrane has 
to be replaced (KTH, 2004). 

                                                 
iii Mikael Ljung Service engineer HOH Vattenteknik AB, conversation on 5 May, 2006. 
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4.2.4.7  Filmtec BW30-400 
Filmtec BW30-400 (BW = brackish water, 30= FT 30 family, 400 = active membrane area in 
square feet) is a reverse osmosis membrane used for desalination of brackish seawater. It is a  
spiral, thin-film composite membrane and can be used in operating conditions within a pH-
range of 2-11 and a maximum temperature of 45 °C. It is made up of three different layers as 
shown in Figure 5. On the top surface is the active barrier layer. It is a 0.2 µm thin 
homogeneous layer of a polyamide, which is a polymeric chain of free amine and carboxylate 
groups. This layer is relatively thick, which makes it more resistant to mechanical- and 
chemical stress. Attached to the polyamide layer is a 40 µm microporous interlayer of 
polysulfone. Its function is, besides to bind together the barrier layer with the supporting 
polyester layer, to prevent the polyamide film from penetrating the pores of the polyester 
layer. The last layer is made of 120 µm of a non-woven polyester web with the function to 
reinforce the active barrier layer (The Dow chemical Company, 2006).           
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. Cross-section of a Filmtec BW30-400 thin-film composite RO-membrane (The Dow chemical 
Company, 2006). 

 
The outside construction of the Filmtec element is made of fiberglass to ensure physical 
strength during harsh conditions. Within the element, a pressure vessel together with the thin- 
film composite membrane are located, which is shown in Figure 6. A Filmtec element 
consists of 1 to 30 membrane leafs, depending on the diameter and type of element. Each leaf 
is connected to two membrane sheets placed back to back with a permeate spacer between 
them. The inner permeate side of the leaf is sealed against the feed/concentrate flow side with 
a 4 cm glue line. The open side of the leaf is connected and sealed against the pierced centre 
of the permeate tube. The permeate tube collects permeate (pure water) from all the leafs. The 
leafs are rolled in layers with a feed distance plate between each one of them, which creates 
the channel for feed- and concentrate flow (The Dow chemical Company, 2006).  
 
During Operation of the Filmtec element, flow water passes to the front of the element and 
through the flow channels. Flow water ends at the back of the element (opposite side of the 
in-flow) as concentrate. Some of the feed water diffuses through the semi-permeable 
membrane perpendicular to the incoming flow water to the leafs, which ends at the permeate 
tube (The Dow chemical Company, 2006). 
 
Several elements are connected in series in Filmtec BW30-400 modules on the inside of a 
pressure vessel. Concentrate from the first element becomes flow water for the next element 
and so on. Inter connectors concentrate the permeate tubes and the total permeate out-flow 
passes on one side of the membrane vessel (The Dow chemical Company, 2006).  
 



 18 

 
 

 

 

 

 

 

 

Figure 6. Construction of spiral wound Filmtec RO membrane element (The Dow chemical Company, 
2006). 

4.2.4.8  Advantages and disadvantages of reverse osmosis  
 
Advantages: 

• It can remove dissolved constituents from the feed water. The conventional water 
treatment uses chemicals for this (Metcalf and Eddy, 2003).      

• It can disinfect treated water (Metcalf and Eddy, 2003). 
• It can remove natural organic matter (a disinfection by-product precursor) and 

inorganic matter (Metcalf and Eddy, 2003). 
• The environmental impact of the membrane processes is relatively low compared to 

conventional treatment (Strathmann, 2005).  
 
Disadvantages: 

• One big negative factor with reverse osmosis modules, especially spiral wound 
modules such as Filmtec thin composite membranes, is their sensitivity to fouling. It is 
therefore very important with extensive and proper pre-treatment to ensure a good 
long-term membrane performance (Strathmann, 2005).      

• One negative aspect of Filmtec membranes using polyamide as barrier layer is their 
intolerance for free chlorine (<0.1 ppm) used to reduce the microbial activity 
(Heidfors, 2004). Chlorination is used because microbial activity can increase 
membrane fouling, so called biofouling, through a complex process called 
conditioning film and makes it possible for film forming bacteria to attach the 
membrane (Strathmann, 2005).           

• Process cost. Expensive compared to conventional treatment (Metcalf and Eddy, 2003; 
Strathmann, 2005).   

• The long-term reliability has not completely been proven (Strathmann, 2005).  
• Requires extensive pre-treatment to prevent concentration polarization and fouling 

(Strathmann, 2005).  
• Concerns of the possibility that toxic algal toxins may pass membranes (WHO, 2006) 
• Membranes are mechanically not very robust and can easily be destroyed by 

malfunction in the operating procedure (Strathmann, 2005).  
• Lack of reliable low-cost method of monitoring performance (Metcalf and Eddy, 

2003).    
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• It results in very low concentrations of fluoride. It may therefore contribute to an 
increased frequency of dental caries, because the main intake of fluoride comes from 
water (WHO, 2006).     

4.2.5 Deacidification filters  
Deacidification filters have the function to reduce acidity in the alkaline membrane permeate. 
Hydrogen ions are very small and will penetrate the membrane and become more 
concentrated.  
 
The hydrolite (calcium hydride) media functions as a cation exchange used to replace 
hydrogen ions with; sodium, calcium, magnesium or manganese, and adjust pH to neutral. 
This is illustrated below:  
 

XR − + +Na ↔ [ ]nHR −−     (4.4) 
 
where, X = Na+, Ca2+, Mg2+ or Mn2+ and n = 1 or 2 depending on ion charge.  
 
Addition of sodium hydrogen carbonate (NaHCO3) increases the buffering capacity of the 
water (alkalinity) and the possibility to resist changes in pH (Heidfors, 2004). The actual 
equilibrium is described below:  

HCO3
- (aq) + OH- (aq) ↔ CO3

2- (aq) + H2O (l)   (4.5) 
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4.3 Groundwater  

4.3.1 Iron and manganese filter 
Complications for consumers and plant operation can occur with manganese concentrations as 
low as 0.05 mg/l and iron concentrations as low as 0.03 mg/l (Sincero and Sincero, 2003). 
Removal of iron- and manganese are of importance in water quality because it can cause a 
bitter taste more than a major health problem for consumers. Another problem with high 
concentrations is damage to textiles such as clothes. From a water plant perspective, large 
concentrations of iron- and manganese can clog and corrode water pipes with a resulting 
decrease in carrying capacity (Spellman, 2003).  
 
According to standards set by The Swedish National Food Administration (SLV FS 2001:30 
and changes in legislation 2005-10), concentrations around 0.05 mg/l manganese and 0.100 
mg/l iron are limiting values for outgoing water from drinking water plant (SLV, 2001).    
 
Iron- and manganese removal involves usually a type of oxidation followed by settling and 
filtration (Spellman, 2003).  
 
Three common methods of oxidation are air, chlorine and the use of potassium permanganate 
(KMnO4). Air as oxidant is effective in conditions with direct contact with water. Chlorine is 
also effective as an oxidant. Formation of dangerous TTHMs (Total Trihalomethanes) is one 
big concern with this oxidant. Another drawback is the necessity for pH to be within the range 
of 6.5 and 7 for an effective removal. Groundwater is usually acidic and some chemical (for 
example Na2CO3) has to be added to adjust pH within the range 6.5-7.0. The best oxidant for 
manganese removal is potassium permanganate (Spellman, 2003). It is a very strong oxidant 
and removes soluble manganese to very low levels. This is the result of the production of 
manganese dioxide (MnO4) which acts as an adsorbent for soluble manganese ions. Reaction 
(4.6) and (4.7) shows oxidation reactions with manganese (Mn2+ → Mn4+) and iron (Fe2+ 
→Fe3+) using potassium permanganate as oxidizer (Sincero and Sincero, 2003).           

 
Oxidation of manganese:  
Mn2+ + 2/3 KMnO4 + 2/3 H2O → 5/3 MnO2(s) + 2/3 K+ + 4/3 H+

    (4.6) 
 
Oxidation of iron:   
Fe2+ + 1/3 KMnO4 + 7/3 H2O → Fe(OH)3(s) + 1/3 MnO2(s) + 1/3 K+ + 5/3 H+

   (4.7)  
 
Oxidized precipitates (MnO2(s) and Fe(OH)3(s)) are removed by the following pressure filter 
containing manganese greensand and gravel in an enclosed tank. Manganese greensand is a 
zeolite material with porous structure. Unoxidized iron- and manganese from the previous 
oxidation is adsorbed (accumulates) on the surface and oxidized precipitates are filtered out 
(Spellman, 2003).        
   
 
  
 

 

 



 

  

4.3.2 Ion Exchange 

4.3.2.1 Anion Exchange – removal of organic content  
A humus filter reduces the negatively charged ions (anions) in the groundwater feed. An 
anion exchange material (e.g. Levatit) is used to displace anions (e.g. humic acid). The anion 
exchange reaction can be described as follows (Sincero and Sincero, 2003):   
 

                                   (4.8) 
where R+0 is the host part of the anion exchange material, A-p is the exchangeable anion, r is 
the number of active sites in the insoluble material, ro/p is the number of charged 
exchangeable particles attached to the host material, +O is the charge of the host (R), -p is the 
charge of the exchangeable anion and A 1−

s is the displacing anion from solution.  
   
According to standards set by The Swedish National Food Administration (SLV FS 2001:30 
and changes in legislation 2005-10) colour of the water may be 15 mg/l Pt for the outgoing 
water from a drinking water plant and 30 mg/l Pt for consumer waters. A concentration above 
these values is an indication of an organic or inorganic pollution source in the treated water. 
Concentrations between 30 to 50 mg/l in the outgoing water from the plant indicate that 
something is wrong and above 50 mg/l are alarming. Colour above 50 mg/l pt can arise from 
sludge and the release of precipitated material from the distribution network (SLV, 2001).          

4.3.2.2 Cation Exchange – Softening   
Hardness refers to the amount of certain positive metallic ions in water, where magnesium 
ions (Mg2+) and calcium ions (Ca2+) are the most common. It originates from the contact with 
soil and rocks such as limestone (Spellman, 2003). Hardness removal in water treatment often 
refers to both carbonate- and noncarbonate hardness. Carbonate hardness refers to the HCO3

- 
ion (for example Ca(HCO3)2) and all other ions refer to noncarbonated hardness (for example 
MgCl2). Carbonate hardness is also called temporary hardness because it can be removed with 
boiling. In opposite, noncarbonated hardness (or permanent hardness) can not be removed 
with boiling. Very hard water is classified as water having a concentration higher than 300 
mg/l as CaCO3 (>20 ˚dH). Between 150-300 mg/l (14-20 ˚dH) is called hard water, 
moderately hard water between 50-150 mg/l (7-13 ˚dH) and soft waters below 50 mg/l (0-6 
˚dH) (Sincero and Sincero, 2003).  
 
The process of ion exchange softening is the displacement of calcium and magnesium ions 
with sodium ions using a cation exchange material (e.g. SRI Levatit and Romanhouse) 
(Metcalf and Eddy, 2003). The cation exchange reaction can be described as follows:  
 

                                          (4.9) 
 
where R-n  is the insoluble part of the ion exchange material, C+m is  the exchangeable Cation, 
r is the number of active sites in the insoluble material, rn/m is the number of charged 
exchangeable particles attached to the host material, -n is he charge of the host (R), +m is the 
charge of the exchangeable Cation and C q

s
+  is the displacing Cation.   
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Ion exchange reactions are equilibrium reactions. This means that the treated water will not be 
completely free from the displacing Cation (C q

s
+ ).    

 
The displacement of calcium ions and similar ions, e.g. magnesium ions, can be described as 
follows:  
 

                             (4.10) 
 

In practice during ion exchange softening, sodium chloride (NaCl) must be added to drive the 
reaction (4.2) left as a consequence of equilibrium. NaCl concentrations about 5 to 10 percent 
is normally used for this (Sincero and Sincero, 2003).     
   
According to standards set by The Swedish National Food Administration (SLV FS 2001:30 
and changes in legislation 2005-10) concentrations around 100 mg/l Calcium, 30 mg/l 
magnesium and 267 mg/l in total hardness are limiting values for consumer waters. No limit 
value is applied for the outgoing water from a plant. High concentrations of calcium in the 
plant can cause precipitation in equipment and installations, especially at high temperatures. 
Problems for consumers involve damage to textiles such as clothes. High concentrations of 
magnesium can give taste to the drinking water (SLV, 2001).           

4.3.2.3 Advantages and disadvantages of groundwater 

Advantages (SGU, 2003): 

• A good water source for about 1.2 million people in Sweden not connected to the 
general municipal water supply.   

• Approximately 50 percent of the water used in municipal water supply is groundwater. 
Functions as a relatively reliable water supply.  

• Important resource for industry and agriculture. 

• The water is often of very good quality. It therefore demands only a small purification 
or no purification at all to be classified as drinking water. This leads to a relatively 
cheap way of providing people with drinking water.   

Disadvantages (SGU, 2003): 

• If polluted, it may be a long way to another source of sufficient amounts of 
groundwater with good quality.  

• Withdrawal of groundwater can have effects for animals and plants that depend on this 
water.    

• Penetration of salt to groundwater can occur. Common in the Stockholm archipelago.  

• It may contain high levels of heavy metals (e.g. Arsenic), uranium and its 
disintegration products radon and radium.  

• Pesticides may be present in the drinking water.  

• An unbalance between supply of and demand for groundwater may occur. May 
increase with increasing urbanisation.  
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4.4 Disinfection  
Disinfection is a necessary part of water treatment to prevent growth of water borne 
pathogenic microorganisms, such as bacteria (E. Coli) and virus (Enterovirus), before water  
reaches the water consumer (Spellman, 2003). There are two forms of disinfection; chemical 
and physical. Physical disinfection (e.g. filtration) is often a pre-disinfection method before 
the chemical disinfection in water treatment plants (Sincero and Sincero, 2003). Common 
chemical agents used in disinfection are the use of ozone, potassium permanganate and 
chlorine. Chlorine substances are effective disinfectants and the most common agents used. 
Examples of chlorine substances are sodium hypochlorite and chlorine dioxide.  

Chlorination has the advantage, compared to the majority of the disinfection agents that it 
maintains the disinfection capacity within the distribution systems until water reaches the 
consumer. Other positive characteristics with chlorination are the destruction of hydrogen 
sulphide (can be found in oxygen deficient environments such as groundwater), removal of 
remaining iron and manganese and prevention of algal growths (Spellman, 2003) and low cost 
(Metcalf and Eddy, 2003). However, the use of chlorine substances also has many 
disadvantages. Chlorine is a highly toxic and corrosive substance. As a consequence of this, 
there is a possible risk in handling and transporting it to the plant. Its corrosive nature can 
cause mechanical problems. It may also react with organic constituents in the treated water 
and form dangerous chloro-organic by-products. Many of these by-products are carcinogenic 
and/or mutagenic with possible effects on both the public and the environment. Examples of 
this are the formation of Trihalomethanes (THMs) and other undesirable disinfection by-
products (DPSs) through a complex series of reactions between humic acid and free available 
chlorine (Metcalf and Eddy, 2003). Other anthropogenic chloro-organic compounds formed 
(e.g. PCB, polychlorinated biphenyls and dioxins) have severe effects on the ecosystem 
(Bernes 1998, page 10). The long term effects of THMs and DPSs are unknown. The 
discharge of these compounds and the possibility that they can reach consumers are therefore 
of great concern. Another aspect is that residual chlorine found in the effluent of treated water 
is toxic to aquatic life.  

The action of chlorine disinfection agents results in the production of highly reactive chlorine 
radicals (Cl.), which react with the cell wall and cause cell lysis and death for 
microorganisms. How efficient this process is, depends on several factors such as: (1) 
concentration, (2) reactivity and (3) the physical nature of the chemical disinfectant. The most 
important factor is (4) the contact time between the disinfectant and the microorganism. 
Besides the physical and chemical nature of the disinfectant, other factors are also important 
for the disinfection. This includes factors like (5) temperature, (6) type of microorganism and 
(7) the characteristics of the suspended liquid (Metcalf and Eddy, 2003).   

Sodium hypochlorite (NaOCl) is used at the plant. It is always in the form of a liquid and 
usually consists of 12 to 15 percent free available chlorine in bulk lots. The compound is 
relatively unstable and will react rapidly with light and heat. A 16.7 percent solution of 
NaOCl stored at 26.7 °C will lose up to 30 percent of its strength in 43 days. It must therefore 
be stored in a corrosion resistant tank in a cool storage area (Metcalf and Eddy, 2003).  

Sodium hypochlorite (NaOCl) in water reacts as follows:  

NaOCl ⎯⎯ →⎯+ OH2 Na+OCl-,  H+ + OCl- ⎯→⎯ HOCl                                     (4.11) 

The amount of OCl- and HOCl in the water is called free available chlorine (Metcalf and 
Eddy, 2003).    
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4.5 Mass balance 
A mass balance, or material balance, is based on the concept that matter is neither created nor 
destroyed, but only changed into different forms (the law of conservation of mass). This 
approach basically means that the rate of material input and output of a system together with 
destroyed or generated (transformed) mass is equal to the rate of mass accumulated. This is 
illustrated below:  
 
Accumulated mass = Input mass– Output mass ± Destroyed- or Generated mass 
 
One objective of treatment plant operation is to maintain stability during the treatment 
process. This means in general that flow and concentration do not change in time. A so-called 
Steady-State condition occurs. During Steady-state no mass accumulates within the reactor. 
Accumulation is zero. The difference in input mass and output mass than equals the destroyed 
or generated mass. This is illustrated below:  
 
Input mass– Output mass = ± Destroyed- or Generated mass 
 
This can be expressed as:  
 

( ) ( ) ( )γ⋅±⋅⋅⋅= ∑∑ VCQCQ
dt
dCV ututinin                       (4.12) 

 
where, V is the volume of the system, C is the concentration, Q is the flow rate, and γ is the 
reaction rate (Kuo 1999, pages 103-131).  
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5 Technical description of the plant  

5.1 General information 
 

The water plant at Utö Island provides drinking water to 107 households on the north side of 
the Island. 77 of the 107 households belong to summer residents and 30 to permanent 
residents. Besides this, two restaurants, one inn with restaurant and hotel, one hostel, one food 
store, one bakery and the guest harbour are connected to the water plant for their drinking 
water supply. The maximum capacity of the plant is about 385 m3 per day if using 
groundwater from Kvarnbrunnen together with the desalination process. The old wells 
Silvergruvan and Nyköpingsgruvan are still connected to the plant (HOH Vattenteknik AB, 
2006a; Edmundsson, 1998), but are no longer used.  Drinking water treatment at Utö water 
plant is divided into treatment of brackish seawater and treatment of groundwater with low 
salt content. These lines of treatment are constructed as two separate processes which are 
connected immediately before chlorination and before the purified water reaches the water 
storage tanks. The mixed water is then delivered too consumers. Until today, approximately 
230 000 m3 of water has been produced in the plant since it started operation in 1995. On an 
average, this corresponds to a production of about 20 000 m3 per year or about 55 m3 of water 
per day. Water production from the plant varies depending on season and people living on the 
Island. During the winter season, water production is low and rarely exceeds 50 m3/day. 
During the summer season, tourists and summer housing increases the need of drinking water. 
Between the years 2004 and 2006, the summer production (May – September) was between 
49 to 166 m3 per day. For the same period, the winter production varied between 14 to 51 
m3/day. The lowest water production is for the most part in January and rarely exceeds 20 m3 
per day. In opposite, the highest water production is in July and usually is between 100 to 160 
m3 per day. The variation in water production during 2004 to 2006 can be seen in the diagram 
below. Appendix 5 shows the water production in more detail.   
  
 
 

 

 

 

 

 

Figure 7. Monthly water production between 2004-2006 
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5.2 Seawater desalination with reverse osmosis  

 
Figure 8.  Schematic diagram of the Reverse osmosis plant (modified) (HOH Vattenteknik AB, 2006b). 

 
The inlet of the seawater pipe is located 300 meters outside Finnholmen next to the island of 
Utö. It is anchored 23 meters below the sea level and 5 meters above the seabed. The seawater 
flows naturally to a reservoir placed beneath the pump station. The main pipe is divided 
into two suction water pipes. Two seawater pumps, one in each pipe, press the water 
up to the water plant located 480 meters from the pump station. One pressure pump 
increases the pressure to approximately four bars and leads the water further. 
Pressure is continuously measured on the untreated seawater during operation of the 
plant. The seawater pump used, depending on the estimated need, is controlled 
manually (Skärgårdsstiftelsen, 2006b). The untreated water is transported to one of 
the three automatic sand filters containing filtersand and hydroanthracite (HOH 
Vattenteknik AB, 2006b). The incoming water flows into the top of the sand filter 
and down into the filter material. The pollutants are discarded and separated in the 
upper layer of the filter mass (HOH Vattenteknik AB, 2006c). The separated 
particles are transported through a waste pipe to a wastewater container (HOH 
Vattenteknik AB, 2006b). Particles greater than 50 µm are removed by the sand filters. 
This process is illustrated in Figure 8. After some time, the filter material has to be 
cleaned and an automatic cleaning system starts (HOH Vattenteknik AB, 2006c). 
Afterwards, the treated water is divided into two separated flows and transported 
into two parallel bag filters, where particles greater than 25 µm are separated. After 
the bag filters, each flow is transported to a cartridge filter. These filters separate 
particles greater than 10 µm and function as the last protection to separate molecules before 
reaching the sensitive RO-modules. Between the cartridge filters and the hydrostatic pump, 
addition of antiscaling agent is made (HOH Vattenteknik AB, 2006b). A so-called scaling 
inhibitor, AmeRoyal 363, is added to the water (3-4 ppm) to control the concentration of 
calcium carbonates and the calcium sulphates. These compounds can cause precipitation on 
the membrane surface and increase membrane fouling (Heidfors, 2004; 
Skärgårdsstiftelsen, 2006b). A hydrostatic pump raises the pressure to approximately 
26 bars on the incoming flow water, before reaching one of two RO-modules. Each 
RO module contains four Filmtec BW30-400 thin-film composite RO-membranes. Inside 
each RO-module, the feed water is separated into separated flows. A permeate flow that 
passes the membrane, becomes purified and is almost 100 percent free from dissolved 
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substances and solutes, such as ions. The other flow is concentrated brine rejected from 
passing the membrane. From 12 m3/h feed water, each module produces approximately 6 m3/h 
of purified water and the same quantity of concentrate (Skärgårdsstiftelsen, 2006b). The 
concentrate produced is transported to the sewer and then back to the sea. The clean 
water (permeate) produced is transported through a flow- and conductivity meter, to ensure 
right amounts of removed salts in the purified permeate and to ensure a suitable pressure, and 
then further to one of the two acid neutralisation filters (deacidification filters) (HOH 
Vattenteknik AB, 2006b). These filters contain the filter material burned dolomite of the type 
hydrolite (Calcium hydride or Akdolit-gran). The burned dolomite has high concentrations of 
calcium and magnesium. When the permeate water from the RO-module reaches the top of 
the acid neutralisation filter and then flows through the filter bed, free carbonic acid dissolved 
in the water is neutralized (HOH Vattenteknik AB, 2006b). As a result of this, calcium and 
magnesium are released into the water and the hardness is increased (HOH Vattenteknik AB, 
2006b; Skärgårdsstiftelsen, 2006b). Free carbonic acid can cause corrosion in machines and 
water pipes and are therefore of great importance to regulate (Heidfors, 2004). The water then 
passes a dosage pump, where sodium hydrogen carbonate (NaHCO3) can be added (if 
necessary) to increase the alkalinity and indirectly buffer capacity thanks to increased 
concentrations of carbonates (HOH Vattenteknik AB, 2006b; Skärgårdsstiftelsen, 2006b). The 
water becomes more resistant to changes in pH thanks to the ability of carbonates to bind 
hydrogen ions in the water. Besides this, sodium hydrogen carbonate have the ability to 
remove iron from the water (Heidfors 2004).  If there is a need for disinfection, the water can 
be chlorinated with sodium hypochlorite (NaClO) before it reaches the water storage (HOH 
Vattenteknik AB, 2006b). In the water storage, the purified and treated water from both the 
RO-seawater line and the ground water line is mixed to maintain a certain concentration of 
salt. It also functions as a water reserve to ensure fresh water delivery to consumers during 
service on the desalination part of the plant and possible production disorder 
(Skärgårdsstiftelsen, 2006b).        

5.3  Groundwater purification 
 

 
Figure 9. Schematic diagram of the Groundwater plant (modified) (HOH Vattenteknik AB, 2006b). 

 
Groundwater is pumped from a depth of 90 m from a well called Kvarnbrunnen and then 
further transported to an iron, manganese- and hydrogen sulphide reducing filter containing 
Manganese Greensand (see Figure 9) (HOH Vattenteknik AB, 2006b; Skärgårdsstiftelsen, 
2006b). Before the water has reached the filter, potassium permanganate (KMnO4) is added to 
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ensure oxidation of iron and manganese into solid particles (Heidfors, 2004; HOH 
Vattenteknik AB, 2006b). The formed solid particles are removed by the filter and transported 
to a wastewater tank. After that, the water is transferred to a humus-reducing filter, where 
organic matter is removed together with residues of the before added potassium permanganate 
(HOH Vattenteknik AB, 2006b; Skärgårdsstiftelsen, 2006b). Salt in the form of Broxo 6-15 is 
used to remove calcium and magnesium from the humus filter, every time 200 m3 of water 
has been produced in the groundwater plant (Skärgårdsstiftelsen, 2006b). After reduction of 
organic constituents, the water passes through one of two parallel softener filters, which 
removes calcium and magnesium from the water (Heidfors, 2004; HOH Vattenteknik AB, 
2006b). Broxo 6-15 is also used in this filter to remove calcium and magnesium from the 
filter. Incoming water from the desalination of seawater is then mixed with the purified 
groundwater and transported to one of two 30 m3 water storage tanks (HOH Vattenteknik AB, 
2006b). To ensure an even water flow in the drinking water distribution system, sensors 
indicate when the water level is too low in the water storage tanks. The groundwater water 
purification starts when the water storage tanks are 60 percent full and ends at 80 percent. The 
desalination process starts when the water level in the water storage tanks reaches 80 percent 
of maximum level and ends at 100 percentiv.  

                                                 
iv Mikael Ljung Service engineer HOH Vattenteknik AB, conversation on 5 May, 2006. 
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6  Results  

6.1 Technical aspects  
6.1.1 Drinking water quality  
Table 1: Typical drinking water values for Utö water plant 

Parameter  Unit Sea water 
Feed 5) 

Groundwater 
Feed 
mean  

Drinking  
water 
mean 

Limits 1) 

Turbidity   FNU 0.52 0.86 0.497 0.5 (20) 4) 
Odour  None None None - metallic - Weak 3) 
Colour at 405 nm Pt mg/l  < 5 17 < 5 15 (50) 4) 
Conductivity  25°C  mS/m 1050 39.42 36.4 250 3) 
pH 25°C  ― 7.8 7.475 8.206 7.5-9.0 3) 
Alkalinity HCO3 mg/l 87 190.2 61 60 2) 
Chemical oxygen CODMn mg/l 6.5 4.92 1.156 ~4 3) 
Ammoniumnitrogen NH4-N mg/l < 0.010 0.0153 0.012 - 
Ammonium NH4

+ mg/l < 0.02 0.025 0.022 0.50 3) 
Nitrate nitrogen NO3-N mg/l 1.7 < 1 < 1 - 
Nitrate NO3

- mg/l 7.5 < 5 < 5 - 
Nitrite nitrogen NO2-N mg/l 0.001 < 0.001 < 0.001 - 
Nitrite NO2

- mg/l 0.003 < 0.003 < 0.005 0.10 
Phosphate-phosphorus  PO4-P mg/l - 0.021 0.0047 - 
Total nitrogen  N mg/l < 0.10 - - - 
Total phosphorus P mg/l < 0.01 - - - 
Fluoride F- mg/l 0.11 0.152 0.126 1.5 3) 
Chloride Cl- mg/l 3400 38.6 82.9 100 3) 
Sulphate SO4

2- mg/l 380 16.6 2.96 100 3) 
Aluminium Al3+ mg/l < 0.02 < 0.02 0.0143 0.10 
Iron Fe mg/l <0.05 < 0.05 0.0429 0.10 
Calcium Ca2+ mg/l 83 54.8 13.9 100 3) 
Potassium K+ mg/l 75 3.76 2.03 - 
Copper Cu2+ mg/l < 0.01 0.277 0.024 0.20 3) 
Magnesium Mg2+ mg/l 240 5.66 1.6 30 3) 
Manganese Mn2+ mg/l 0.02 0.164 0.0246 0.05 
Sodium Na+ mg/l 1900 33.2 59.2 100 3) 
Zink Zn2+ mg/l - - - - 
Total Hardness  °dH ― 67 9.6 2.37 267 3) 
Microbiological analysis   
Heterotrophic plate 2 days cfu/ml - - 16 - 
Heterotrophic plate 7 days cfu/ml - - 178 - 
Slow growing bacteria, 7 days cfu/ml - - 126 5000 3) 
Microorganisms, 22°C 3 days cfu/ml - - 43 10 
Coliform bacteria, 35°C  cfu/100ml - 2 < 1 Detected 
Escherichia Coli 44°C  cfu/100ml - < 1 < 1 Detected 
Clostridium perfringens   cfu/100ml - - < 1 Detected 3) 

 
Comments: 

The analyses have been performed on Alcontrol Laboratories accredited laboratory in Linköping.   

1)  Limits for acceptable values water without remarks in drinking, according to the Swedish regulation SLV FS 2001:30 and changes in  
legislation  LIVSFS 2005-10. Source: Stockholm Vatten AB, http://www.stockholmvatten.se/indexEng.htm (2006-09-20) and 
Livsmedelsverkets föreskrifter om dricksvatten (SLV, 2001).  

2) Recommended value  
3) User’s limit value. No limit value is applied by the water works. 
4) Alarming values  
5) Based on values from Table 4. No other samples has been analyzed between 2001 and 2006.  
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The drinking water quality provided by Utö water plant is good according to chemical and 
microbial water analysis between 2003 and 2006 (see appendix 6 and 7).  

6.1.1.1 Turbidity  

The turbidity concentrations for drinking water analysis at the consumers are all within 
guideline limits for the framework of SLV 2001:3. Outgoing water turbidity between 2001 
and 2002 are above guideline values. No values are obtained between 2003 and 2005. Values 
during 2006 are below guideline values.         

6.1.1.2 Odour and smell 

Odour and smell problems are unusual. No odour or smell have been found in consumer 
samples and only some occasional in the outgoing water.     

6.1.1.3 Colour and conductivity  

The colour of the consumer water and outgoing water from the plant is very good. No values 
are above guideline values. This is the same for conductivity.  

6.1.1.4 pH 

pH varies a lot over time. During 2002 and 2004, the pH varied between 6.7 and 9.2. No 
analyses were made during 2005. During 2006 the pH was between 7.7 and 8.0. The tendency 
to a relatively alkaline pH before 2006 could depend on an overdosage of alkaline compounds 
(e.g. sodium hydrogen carbonate). For an effective chlorination, a pH below 8.0 is necessary. 
A pH above 8.0 could support the presence of microorganisms in the consumer water.            

6.1.1.5 Alkalinity  

Alkalinity is the measurement of the total concentration of HCO3
- and CO3

2- ions. There are 
no guideline values for alkalinity, but a value above 60 mg/l is recommended for the outgoing 
water to prevent corrosion within the distribution system.  Alkalinity varies a lot over time. 
Between 2001 and 2006, the alkalinity varied between 49-140 mg/l for the outgoing water. 
During the same period, the consumer water alkalinity varied between 33-130 mg/l. This 
indicates the same as the pH measurement. Variations in alkalinity depend probably on 
inaccurate dosage of sodium hydrogen carbonate. Sodium hydrogen carbonate in water forms 
HCO3

- and CO3
2- ions.           

6.1.1.6 Chemical oxygen demand, nitrogen and phosphorus compounds   

Chemical oxygen demand analyses are all within guideline limits. Nitrate, nitrite, ammonium, 
phosphate-phosphorus concentrations are also within guideline values.     

6.1.1.7 Fluoride 

Fluoride is found in very small concentrations in the drinking water. The optimal 
concentration of fluoride for a good caries protection is between 0.8 – 1.2 mg/l. The 
concentration found in this drinking water is below 0.1 mg/l, and may cause a moderatly 
increased to high risk of dental carries compared to most drinking water.  

6.1.1.8 Chloride      

There are variations in the chloride concentration between 29 and 130 mg/l. Values above the 
recommended value of 100 mg/l were observed 2001 and 2002. No values are available for 
the years 2003-2005. During 2006, the variation is 76 – 81 mg/l and all values are below the 
guideline value.  
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6.1.1.9 Sulphate 

All analyses are within the guideline value of 100 mg/l and below the detectable limit of 0.02 
mg/l. Only one value was above this value, 5.9 mg/l, but still much below the guideline value.  

6.1.1.10 Aluminium    

All values were within the guideline value.  

6.1.1.11 Iron 

All values are within the guideline values for the outgoing water and the consumer water. 
During 2002 values of 0.10 mg/l was found in the consumer water instead of the normal value 
below 0.05 mg/l. This is still below guideline value of 0.20 mg/l. 

6.1.1.12 Calcium 

Calcium concentrations are 2.3 and 55 mg/l between 2001 and 2006 and below guideline limit 
of 100 mg/l. It is recommended to be within 20 to 60 mg/l to minimize the risk of corrosion. 
Between 2001 and 2003, the concentration of calcium in almost all water samples (some 
exceptions) was below 10 mg/l and may become a risk of corrosion. During 2005 no data was 
obtained. However, during 2006 two samples contained 17 and 41 mg/l calcium. It may 
indicate an improvement. It is hard to evaluate because only two different measurements of 
calcium concentration were obtained and one of them was below 20 mg/l.    

6.1.1.13 Potassium   

Potassium has no guideline value according to SLV 2001:3. The National Board of Health 
and Welfare recommends a value of 12 mg/l for water plants. All values are within < 2 mg/l 
to 3 mg/l and below this recommendation.  

6.1.1.14 Copper  

Copper concentrations between 2001 and 2006 are all below the guideline value of 0.20 mg/l. 
A slightly higher concentration of copper is found in consumers’ tap water further away from 
the plant, compared to the plant kitchen. This is the same water, only transported a short 
distance within the distribution system. Corrosion attack on copper pipes, situated at 
consumers, is the probable cause of this difference. The outgoing water indicates the same. 
The concentration of copper in the outgoing water is much lower then consumer water (<0.01 
mg/l compared to above 0.02 mg/l).              

6.1.1.15  Magnesium, manganese and Zink 

The magnesium concentrations are below the guideline limit of 30 mg/l. During 2001 to 2006, 
the concentration varied between 0.7 to 5.1 mg/l. The guideline value for manganese is 0.050 
mg/l for outgoing water. No values obtained are above 0.02 mg/l. Zink have only been 
analysed once in 2001 and 0.07 mg/l was found in the sample. Zink has no guideline value 
according to SLV 2001:3. However, the World Health Organisation recommends a value 
below 3 mg/l and the Zink value obtained is much lower.  

6.1.1.16 Sodium  

All samples are below the guideline limit of 100 mg/l. The concentration varies between 24 to 
76 mg/l.  
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6.1.1.17 Total hardness 

Total hardness has no guideline value in SLV 2001:3. The National Board of Health and 
Welfare recommends a total hardness below 15 °dH. The total hardness for the period 2001 to 
2006 does not exceed 2.7 °dH for the outgoing water from the plant. The drinking water is 
therefore classified as a soft water (0-6 °dH).  

6.1.1.18 Pesticides, heavy metals, PAHs, halogen hydrocarbons and other dangerous 
compounds.   

All pesticides (see appendix 7) including the total pesticide concentration are below the 
detection limits and within guideline values. This is the same for all PAHs and halogen 
hydrocarbons. Arsenic concentration is 3.7 µg/l and below guideline value of 10 µg/l. No 
value is obtained for arsenic in the raw brackish and groundwater. However, the source of 
arsenic is probably the groundwater. It must be observed that if the groundwater proportion is 
increased in the mix of sea water and groundwater, the arsenic concentration in the drinking 
water may exceed the guideline value. The boron concentration is 0.35 mg/l and is seen as 
unsuitable for drinking in concentrations above 1.0 mg/l. The World Health Organisation 
recommends a provisional value of 0.5 mg/l. Concentrations above this can be found if the 
groundwater is increased in the mixed drinking water. Antimony concentrations are 0.3 µg/l 
and recommended to be below 5.0 µg/l. Lead is found in concentrations of 0.5 µg/l. The 
recommended value for lead in drinking water is 10 µg/l and this value should be applicable 
on the average water intake during one weak. Only one sample value is available, so it is hard 
to evaluate if the lead concentration exceeded this during one week. Cadmium has a value of 
0.31 mg/l and it is below the recommended value of 5.0 mg/l. Chromium has a value of 2.2 
µg/l and drinking waters are classified as unsuitable in concentrations around 50µg/l. Both 
cadmium and chromium concentrations are below recommended guideline values. This is the 
same for all other heavy metals investigated (e.g. mercury and nickel). All PAHs 
(Polyaromatic Hydrocarbons), halogen hydrocarbons and other dangerous compounds (e.g. 
cyanide and bromate) are within guideline limits. The radon concentration is 4.9 Bq/l. The 
recommended value for radon is a concentration below 100 Bq/l. The level of radon-222 
concentration can be much higher than the detected value. This is because much of the radon 
is released from water during handling and during water transportation.     

6.1.1.19 Microorganisms  

The bacteria family Actinomycetes have been analysed once between 2001 and 2006. In this 
investigation, 27 colonies (cfu) per 100 ml of sample were found which is below the guideline 
value of 100 colonies per 100 ml of sample. Heterotrophic bacteria (20 °C, 2 days and 7 days) 
have no limit values. However, it can be a good indication of the condition within the 
distribution system. Only a few samples have been taken during 2001, 2002 and 2003. 
Heterotrophic plate counts (20 °C, 2 days) in almost all samples showed no presence of this 
group of bacteria. Only one sample during 2003 exceeded this and 50 colonies were found. 
For heterotrophic plate counts (20 °C, 7 days) values between < 10 and 330 colonies were 
found. The number of slow growing bacteria found may indicate microbial growth within the 
plant and distribution system. Samples were only received between 2004 and 2006. Slow 
growing bacteria varied between 40 and 420, with some occasional values below 40. 
Microorganisms (22 °C) should be below 10 FNU (colonies) per ml in the outgoing water 
from the plant. Only one sample was analysed during 2006 and 300 colonies (FNU) were 
found. This value is much too high. In drinking water, the samples should be below 100 FNU. 
The variation is 1 to 160 FNU in consumer samples. Many values are found to be above 
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guideline limit. It could indicate contamination from water or soil, but the probable cause is 
somehow connected to the disinfection. Coliform bacteria is detected in the drinking water. In 
the consumer water and the outgoing water, this bacteria group was only detected in consumer 
water during 2005 and the outgoing water in 2006. The counts varied from not detected to the 
maximum of 5 cfu per ml. This may indicate some influence of surface water rather than 
faecal influence. This is because E-coli is the best indication of faecal contamination and no 
E-coli was found in any sample. Clostridium perfringens is the best indicator of resistant 
disease causing bacteria. Only one measurement of Clostridium perfringens is obtained 
between 2001 and 2006. It was analysed during 2006 and no colonies were detected. 
Intestinal enterococcer, yeast, micro fungi and mold causing fungi have only been analysed 
once during 2006. The samples were all within guideline values.        

6.1.2 Mass balance   

Symbol notes; 
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2 Booster pump 
3 Groundwater pump 
4 High pressure pumps
5 Distribution pumps
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Figure 10.  Conceptual model of material, energy and process flows. 

The conceptual model, in Figure 10, of material, energy and process flow does not take 
equipment and infrastructure into consideration. Capital income and cost is not considered 
either. Only the upstream system is studied. Chemicals in the form of AmeRoyal 363, sodium 
hydrogen carbonate, sodium hypochlorite, Broxo 6-15 (pure sodium chloride) is entering the 
system boundary. Chemicals like P3-ultrasil and citric acid monohydrate are not used as 
permanent chemicals within the plant, and therefore excluded in the mass balance. However, 
they are discussed later. Materials in the form of water, groundwater and seawater are 
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entering the system and leaving the system as RO reject (brine), sludge from backwashing and 
treated water. Energy is entering the system as electrical energy and leaving the system as 
heat (from friction) and activation energy (movement of water started by pressure).  
 
Table 2 shows the use of certain chemicals in the plant. About 400 Kg per year of AmeRoyal 
363 is used at the plant. It is a scaling inhibitor used permanently. It contains 25 to 40 percent 
of a modified polyacrylic acid and sodium salt. Polyacrylic acid is not classified at the 
Swedish Chemicals Inspectorate's (KemI's). The rest of the content in this chemical is 
classified. P3-ultrasil is not included in the mass balance, but is discussed. 15 Kg per year is 
used to clean the membranes from scale. It contains 15 to 30 percent of sodium hydroxide, 5 
to 15 percent of phosphate, 15 to 30 percent gluconate, 15 to 30 percent EDTA and < 5 
percent of alkylbenzenesulfonate. It is an extremely alkaline substance (pH > 13) and 
extremely corroding. No environmental aspects are included in the security data sheet. 
Neither citric acid monohydrate is used in the mass balance as with P3-ultrasil. Citric acid 
monohydrate is used in the quantity of 6 kg per year as a cleaning agent to remove scale. It is 
not classified as harmful to the environment. The pH is very low around 2 to 3. It is 
biodegradable and assessed not to be bioaccumulating. Sodium hydrogen carbonate (or more 
commonly sodium bicarbonate) is used in a quantity of about 300 kg per year as an alkalinity 
and pH increasing agent. It has an alkaline pH (pH 8.5). It is not classified as dangerous or 
harmful to the environment. Sodium hypochlorite is used in quantities of 20 kg per year as a 
disinfection agent. It is a strong oxidant with a pH of about 13. It is very corrosive, irritating 
and harmful to the environment. Broxo 6-15 is used in quantities of 5000 kg per year as a 
softening agent. It consists of 99.8 percent sodium chloride and is non-toxic with normal 
handling. Potassium permanganate is an oxidizing agent in the iron and manganese filter used 
in quantities of about 10 kg per year. It is very toxic to aquatic organisms and may cause long 
term undesirable effects in the aquatic environment. However, in dilute aqueous solutions that 
occur in the water plant this chemical is not dangerous. Other factors affecting the chemical 
water environment may include;  

• PVC (polyvinyl chloride) membrane valves, back valves, water pipes, shut-off valves 
and a flow measurement 

• Filter materials may also affect the mass balance. They should under normal 
circumstances not release any material to the water. Filter materials used are 
Hydroanthrasite N (250 m3), Filter pyrite (2440 kg), Hydrolite (1000 kg), FerroB 
(1320 kg), anion mass type laveatit MP 500 A (500 dm3) and the cation mass (265 
dm3).  

 
Table 2. Total use of chemicals for 2005   
Chemicals, desalination plant kg/year mg/l* 
AmeRoyal 363 400 0.019871 
P3-ultrasil 10 15 0.000745 
Citric acid monohydrate 6 0.000298 
Sodium hydrogen carbonate 300 0.014903 
Sodium hypochlorite 20 0.000993 
Chemicals, groundwater plant kg/year mg/l* 
Broxo 6-15 (Sodium chloride) 5000 0.248385 
Akdolit-gran (filter media) 150 0.007452 
Potassium permanganate 10 0.000497 
Source: Petersen, T.  (17 June 2006), liable for Operation at Utö water plant  
* Total water production for 2005 was 20130 m3 
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The chemicals in Table 2 are roughly estimated on an average annual year basis. The flow 
rate used in the calculations may also have some sources of error. To reduce at least some 
uncertainties, potassium was chosen as a basis for mass balance. This was since potassium is 
only added to the water as potassium permanganate in very small amounts.   
 
Potassium permanganate added to the water consists of: 
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 of potassium is found in potassium permanganate.   

 
In the calculation in Table 3 below, concentrations in Table 4 have been used together with 
flow calculations in appendix 9. 
 
Table 3. Calculation of the mass balance for potassium in the plant.  

Substance (potassium, K) 
Parameters Input Parameters Output 

 Q 
(m3/h) 

C 
(mg/l) 

 Q 
(m3/h) 

C 
(mg/l) 

Seawater 8.35 75 Outgoing water from tank 6.26 3 
Groundwater 4.95 3 RO reject to sea 4.40 110 

 

KMnO4 4.95 0.000148 Sewage tank to sea 1.32 3 

∑  - 96.24 - 127.98 

 
Difference ∑ ∑ =−

input output
31.74  

Because of the very small usage of potassium permanganate in the treatment it is detectable in 
the process analysis in Table 4. Free potassium ions will pass the treatment steps and be found 
in the outgoing water. The manganese part precipitates and form solid brownstone (MnO4). 
This precipitation is found in the sludge. The reaction is showed below.   
 
KMnO4 + Fe2+ → Fe3+ + MnO4 (s)        (6.0) 
 
The AmeRoyal 363 dosage is approximately 4 times too high. The recommended dosage for 
AmeRoyal 363 is 5 g/l and gives rise to a total use of about 100 kg per year when 20130 m3 
of drinking water is produced. Today’s use of this chemical is approximately 400 kg per year. 
The overdosage is about 300 kg per year. The main ingredient of this product is polyacrylic 
acid. Sodiumhypochlorate has a correct dosage. 1 g/l is the recommended limit of this 
disinfection chemical. This gives rise to a recommended use of about 20 kg per year. This is 
the same as the actual use in the plant. There is no limit for sodium hydrogen carbonate 
(Na2CO3). This is a safe chemical used in for example provisions (e.g. baking powder).  The 
same holds for sodium chloride and the strong oxidant potassium permanganate. The current 
flow measurements performed in the plant is for outgoing treated water. This is made almost 
daily. The correct dosage is made for the water with daily records of flows, and the wrong 
dosage is for the flows with no daily records. May the incorrect dosage for AmeRoyal 363 
depend on inaccurate adjustments to changing flows? Is this the case for chemicals added to 
the groundwater treatment as well? If this is the case, it indicates a large overdosage in 
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conflict with the Swedish environmental act that says that chemical usage should be 
minimized as much as possible. Further, an updated knowledge of the flows is one of the most 
important parameters in the plant for correct chemical dosage. One direct suggestion is to 
have daily manual flow measurements for all parameters or to install automatic flow meters in 
the plant. This is to see how much of the seawater is used and respectively how much of the 
groundwater is used in the mixture, and then adjust the dosage for these flows.  
 
A more detailed information about water flows and chemical dosage is needed to perform a 
more accurate mass balance. Manual water readings together with annual averages of the 
chemical dosage, have too many data uncertainties. With accurate mass balance data, it 
becomes easy to see changes in performance in the process and to predict for example an 
accurate chemicals dosage and needs to change of filter media. It saves money knowing the 
right dosage. The reliability of the plant becomes better, the risk of operation failure decreases 
and the plant service will be simplified.     
 
In the process analysis, (see Table 4) there is a substantial reduction of saline constituents in 
the brackish water treatment. Conductivity is reduced from 1050 to 38.9 mS/m over the RO 
membrane. Reduction of saline constituents is 96 percent. Before and after the sand filter only 
the microorganisms, turbidity and total phosphorus have been reduced. The reduction of 
microorganisms is substantial.  It is about 98 percent or 620 to 13 cfu per ml. The turbidity 
reduction is also good. It is about 77 percent or 0.52 to 0.12 FNU. The total phosphorus 
reduction is almost 100 percent (99.9 percent) complete or 21 µg/l to 0.02 µg/l. The main 
reduction of particles is obtained after the sand filter and before the Reverse Osmosis (RO) 
filter. This is very strange because this should occur before and after the RO filters. 
Something must have happened between sampling and analysis. The samples before and after 
the RO filter is the same sample an indicates the reduction after the RO filter. It should be a 
substantial removal of sodium and chloride ions before and after the RO filter. With current 
data, the bag and cartridge filter reduces these parameters. Sodium and chloride are small ions 
and will pass these filters. The high concentrations of sodium and chloride in the reject shows 
that normal filtration has occurred. After the RO filters, all substances investigated are within 
guideline limits and the water is drinkable.  
 
In the groundwater treatment (see Table 4) there is an increase in magnesium ions in the 
treated groundwater and a decrease of approximately half of the calcium ions. It seems like 
the cation softening treatment favours the reduction of calcium ions rather than magnesium 
ions. The ion exchanger seems to be saturated and then magnesium sorption is decreased for 
the benefit of calcium. It may indicate that the ion exchanger needs to be regenerated with 
sodium chloride solution. This is illustrated below: 

+− NaR + +2Ca ↔  +− 2
2 CaR + +Na   and   

+− NaR + +2Mg ↔  +− 2
2 MgR + +Na   

+− 2
2 MgR + +2Ca ↔   +− 2

2 CaR  + +2Mg  Mg2+ becomes saturated (6.0) 
 
R = polymer, Mg2+ = magnesium ion, Ca2+ = calcium ion  
 
In the exchange of calcium ions, magnesium is released from the ion exchange complex and 
causes the increase in magnesium.  
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The sodium and chloride concentrations increase during the groundwater treatment. This 
depends on the sodium chloride used in the ion exchange softening and in the humus filter. 
The turbidity, total count of microorganisms (22°C, 3 days), iron and the potassium 
concentration increase as well. The increase in the amount of bacteria (28 percent) between 
the raw groundwater and after softener filter 2 may indicate that something is wrong in the 
chemical or physical disinfection. Turbidity increases enormously during the groundwater 
treatment. It increases 167 percent (0.21 FNU in the groundwater and 0.56 FNU after the 
softener filter). This must be related to the increase in microbial activity. Turbidity is caused 
by colloidal or/and suspended matter, which can be used by microorganisms for microbial 
growth. The increase in turbidity may be caused by a leakage during back flushing. Small 
particles in the lower part of the filter media is redistributed in connection to back flushing 
and released to the treated water. The increase in potassium concentration is related to the use 
of potassium permanganate used in the iron and manganese filter. The increase in iron 
concentration is unexpected. The concentration of iron should not increase during the 
groundwater treatment. Only iron and potassium are above recommended values for the water 
to be suitable for drinking.  

6.1.3 Operation experience  
Corrosion problems arise during long-term operation of the plant, due to the high salinity of 
the brackish seawater. One example of equipment affected by corrosion is the sand filters. 
One sand filter is out of use because of this and today only three filters are in operation. 
Pumps are also much affected by this together with a high exposition to wear. Other choices 
of material must be considered for some components in plants of this kind. Today stainless 
steal is the main material in pumps used in the plant. Titanium pumps can be a better 
alternative to avoid corrosion- and rust problems in the future. 
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Table 4. Physical and chemical analysis of the water process 
 

Substance,  
Characteristics 

 
Unit 

 
Seawater 

feed 
 
 
 

(1) 

 
After 

sandfilter 
 
 
 

(2) 
 
 

 
Before 
RO 1 

 
 
 

(3) 

 
After 
RO 1 

 
 
 

(4) 
 
 
 

 
Reject 

RO 
 
 
 

(5) 
 
 
 

 
Groundwater 

feed 
(Kvarnbrunnen) 

 
 

(6) 

 
Treated 

Groundwater 
(after Softener 

filter 2) 
 

(7) 

 
Sewage 

tank 
 
 
 

(8) 

 
Water tank 

 
 
 
 

(9) 

 
Tap water 

 
 
 
 

(10) 

Turbidity FNU 0.52 0.12 0.10 0.55 0.19 0.21 0.56 0.50 0.12 0.18 

Smell - None None None  None None None None  None None None 

Smell, description - - - - - - - - - - - 

Color  
(405 nm) mg/l Pt < 5 < 5 < 5 < 5 5 20 < 5 20 < 5 < 5 

Conductivity  
(25 ºC) mS/m 1050 1080 35.5 38.9 1650 53.8 59.8 64.2 48.0 46.8 

pH  
(25ºC) - 7.8 7.7 6.1 9.1 7.8 7.5 7.5 7.9 7.7 7.7 

Alkalinity  
(HCO3) 

mg/l 87 90 1.5 42 150 280 260 280 140 130 

(Chemical oxygen 
demand) 
COD-Mn 

mg/l 6.5 6.5 < 1.0 < 1.0 8.9 6.1 < 1.0 6.3 < 1.0 < 1.0 

Ammonia nitrogen 
(NH4 –N) mg/l < 0.010 < 0.010 < 0.010 < 0.010 0.15 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 

Ammonium 
(NH4) 

mg/l <0.02 <0.02 < 0.02 < 0.02 0.19 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Nitrate Nitrogen 
(NO3 –N) mg/l 1.7 1.7 < 0.1 < 0.1 0.5 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 

Nitrate 
(NO3) mg/l 7.5 7.5 < 0.5 < 0.5 2.2 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 

Nitrite nitrogen 
(NO2 –N) mg/l 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001 < 0.001 

Nitrite 
(NO2) 

mg/l 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 0.003 < 0.003 < 0.003 

Total Nitrogen  
(Tot-N ) mg/l < 0.10 < 0.10 < 0.10 < 0.10 0.33 0.27 < 0.10 0.30 < 0.10 < 0.10 

Total Phosphorus 
(Tot-P) µg/l 21 0.02 < 0.01 < 0.01 0.04 0.03 < 0.01 26 < 0.01 < 0.01 

Fluoride 
(F-) mg/l 0.11 0.10 < 0.1 < 0.1 < 0.1 0.16 0.16 0.17 0.11 0.12 

Chloride 
(Cl-) mg/l 3400 3600 110 94 5600 18 51 57 75 81 

Sulphate 
(SO4

2-) mg/l 380 380 < 2.0 < 2.0 300 13 < 2.0 14 < 2.0 < 2.0 

Aluminium 
(Al3+) mg/l < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Total iron (Fe2+ + Fe3+) 
 mg/l < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 0.23 < 0.05 < 0.05 < 0.05 

Calcium 
(Ca2+) mg/l 83 82 0.31 8.1 150 91 49 110 17 17 

Potassium 
(K+) mg/l 75 75 3 3 110 3 17 3 3 2 

Copper 
(Cu2+) mg/l < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.01 < 0.01 0.04 

Magnesium 
(Mg2+) mg/l 240 240 0.6 1.3 370 5.7 8.0 6.4 1.6 1.5 

Manganese 
(Mn) mg/l 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Sodium 
(Na+) mg/l 1900 1900 63 62 3100 14 45 26 75 76 

Total Hardness ºdH 67 66 < 0.2 1.4 110 14 8.6 17 2.7 2.7 

Total count, 
Microorganisms  (22 ºC, 3 

days) 
cfu/100ml 620 13 9 5 510 290 370 490 160 5 

Estimated flows  m3/h 8.4 8.4 8.4 4.0 4.4 4.9 1.3 1.3 6.3 - 
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6.2 Economics  
During the period 2005-01-01 to 2005-12 -31, approximately 20130 m3 of water was 
produced totally in the plant. The contribution from the RO part respectively the groundwater 
part in the mixed water is unknown. If the manual water reading during the 3 of August 2006 
are close to the average mix of water the mix is almost fifty-fifty. During that day, the RO 
plant contributed with about 53 % or 10600 litters, whereas the groundwater part contributed 
with about 47 % or 9500 litters of water (see appendix 5 and 9).  
 
The total investment cost for the plant when it started to operate in 1995 was 2 641 000 
Swedish kronor (see appendix 8). Investment cost is not used in calculations with annuity. 
Utility value is the more correct capital cost in calculations with annuity. However, the 
obtained investment cost is probably lower than the real investment cost. This difference 
between obtained investment cost and utility cost is estimated to be the same as the increase 
due to maintenance, repair and market price between 1995 and 2005. When converting 
investment cost to utility cost some kind of index (e.g. Producer Price Index, PPI) is often 
used. However, the economic figures obtained were impossible to divide and therefore PPI 
was not used in these calculations.             
 
The life span for the plant was estimated to be between 20 to 30 years with a real rate of 
interest between 2 to 5 %. This was done to estimate the investment cost for 2005. Annual 
annuity is defined as follows:  
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11

     (6.1) 

 
Where r is the real rate of interest (%) and n is the estimated life span for the plant (Ljung and 
Högberg, 1986).  
 
There is a problem when estimating a real rate of interest for projects with societal benefits, 
and it is not obvious which interest level to use. For long – term projects with environmental 
and societal gain a high interest level tend to make it unprofitable. Historically speaking, an 
interest level of 2 % has been usedv. The depreciation time has a small effect on the end 
annuity (see 6.1). Capital cost and real rate of interest are the two main factors affecting the 
annual annuity.  
 
The total cost of water production for 2005 was estimated to be between 495 950 kr (2%, 30 
years) and 589 951 kr (5 %, 20 years). This gives rise to a total cost between 24.6 and 29.3 
kr/m3 of produced water. If no considerations are made to the annual annuity the cost is 378 
030 kr or 18.8 kr/m3. This is without consideration of the administration cost and will increase 
this cost even further. The consumer price is 19.65 kr/m3. Without consideration of the 
investment cost (annual annuity) this seems to be a good price to cover the cost. However, 
consideration of the investment (e.g. with annual annuity) is of great importance to obtain 
good and more accurate information about the real cost. Currently, between 5.0 and 9.7 kr/m3 
                                                 
v Staffan Laestadius, Professor of Industrial Dynamics at the Department of Industrial Economy, KTH, 
Stockholm, 8 August, 2006.  
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is not covered in the price of the water. This gives rise to a loss between 100 400 to 194 400 
kr per year at the moment. This is even without consideration of administration costs, 
included in private limited companies.  
 
In 2005, Stockholm Vatten AB had an average energy consumption of approximately 0.360 
KWh/m3 for both the plants Norsborg and Lovö. For the Utö water plant, the same figure was 
approximately 8 KWh/m3 in 2005. Thus, the energy consumption is much higher for the Utö 
water plant than for Stockholm Vatten AB. Usage of electricity is approximately 23 times 
higher for the Utö water plant than for Stockholm Vatten AB. Electricity is the largest 
individual cost for the Utö water plant. The cost of electricity for 2005 was 120 650 kr , about 
30 % of the operation cost. For Stockholm Vatten AB the electricity cost for the same period 
was approximately 37 % of the operation cost. However, the main electricity cost for 
Stockholm Vatten AB is the distribution cost, while for Utö, the electricity cost for pumps 
within the plant is totally dominating. It is hard (but interesting) to compare these figures. 
Stockholm Vatten AB produces normally approximately 126 000 000 m3/yr in total, 
compared to 20 000 m3/yr for the Utö water plant.  
 
The average price of electricity for 2005 at the Utö water plant was 0.75 Kr/Kwh (See 
appendix 8).              
 
A service of the plant is made about twice a year with a total maintenance and repair cost of 
105 000 Kr in 2005. The two lines of RO membranes have been replaced once each since 
1995. The last change in 2001 was RO 2 and it cost 9 100 kr and lasted for 6 years. Labour 
cost for the plant varies during different periods of the year. The labour to maintain the plant 
in good condition is estimated at 340 hours/yr with a total cost of 88 400 kr (23 %) or 4.4 kr 
per m3 of produced water. Analysis costs to monitor water quality are 4230 kr, a figure that 
seems low. Only about one percent of the operation cost is cost for analysis.    
 
The water production cost for the plant should in the future be divided into cost for the 
brackish water (RO) and groundwater treatment respectively. This was not possible with 
available economic data. Depending on how the proportion between RO treated brackish 
water and groundwater is in the final mixed drinking water, the total operation cost varies a 
great deal. Large use of brackish water (reverse osmosis process) in the final drinking water 
gives a much higher water cost and the opposite when more groundwater is used.         
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Table 5. Production cost summary for Utö seawater RO plant 

6.3 Social aspects   

6.3.1 Methodology 
A survey was performed at the Island of Utö between 11/07/2006 and 12/07/2006. The survey 
method used is called Census and included 100 percent of the population. See Figure 12 for 
information on the survey area and appendix 3 to see the questionnaire. Data collected from 
the questionnaires were evaluated in two different ways, seen in appendix 4;   

• A point system for 1 to 10, where 1 is negative and 10 is positive 

• Diagram showing the distribution of answers in percent.  

 

Figure 12. Area of survey (source: www.gis.lst.se 2006-07-10) 

     Kr*  kr/m3** 
Electricity (32 %)    120 650  6.0 
Maintenance and repair (28 %)   105 000  5.2 
Chemicals (15 %)      58 000  2.9 
Labor (23 %)       88 400  4.4 
Analysis (1 %)        4 230  0.21 
Authorities (0.5 %)        1 750  0.09 
Total operating cost:    378 030  18.8 
 
Total investment cost for plant   2 641 000  
Annual Annuity (2-5%, 20-30 years)***      117 920 – 211 921 
  _ 
 
Total production cost:  495 950 – 589 951 24.6 - 29.3  
 
*     Without sales tax  
**   Water production 20 130 m3 
*** See appendix 8 
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6.3.2  Description of the participating households 
The area of survey included a total population of 107 households (see Table 6). 77 households 
are summer residents and 30 households are permanents residents. 39 % or 42 households 
answered the survey. Out of these 42 households, 34 % of the summer residents (26) 
answered and 53 % of the permanent residents answered (16). The number of males and 
females in the survey was the same. It was 21 or 50 % females and 21 or 50 % males. Of the 
answering households (42 households), the age of the household representatives varied from 
below 30 years old to above 60 years old. The main part was between 30-40 years and 50-60 
years old. The type of housing was almost exclusively villas, terrace houses and cottage 
summer houses (74 %).  

Table 6. Distribution of answered questionnaires 
 Number 

of 
Percent 

(%) 
 Number 

of 
Percent 

(%) 
Males 21 50 Type of living   
Females 21 50     • Permanent residents 16 38 
       • Summer residents 26 62 
Age       
    • < 30 years 6 14 Total number of possible answers 107 100 
    • 30-40 years 10 24 Summer residents 77 72 
    • 40-50 years 5 12 Permanent residents 30 28 
    • 50-60 years 15 36    
    • > 60 years 6 14 Total number of respondents  42 39 
   Summer residents 26 34 
Type of housing   Permanent residents 16 53 
    • Villas or terrace houses 11 26    
    • Apartment blocks  6 14    
    • Cottage houses 20 48    
    • Flats 2 5    
    • Other  estates  3 7    

6.3.3  Results and discussion of survey 
It seems that most of the water consumers are content with the current drinking water quality 
and quantity supplied by the treatment plant (see appendix 4). Women are less content with 
the present drinking water situation than men. It is foremost the quality rather than the 
quantity they are concerned about, both seen in general and in a longer perspective. The 
opinion about varying water quality in a longer perspective is shared with the permanent 
residents, who have the greatest incitement in this question. There are no indications about a 
non-reliable water distribution with continuous unplanned interruptions. However, there are 
indications seen in a longer perspective. The issue about variations in receiving sufficient 
amounts of water is seen as a problem for women. Women are also more negative about the 
plant activity than men. The price of water in relation to the quality is hard to get a good 
opinion about, because most concerned people do not pay for the water. The archipelago 
foundation owns most of the houses in the area and the water costs are included in the rent. 
Others answered the question together with information that they do not know how much they 
pay for the water. These special circumstances make it impossible to see if the person 
answering knows her water price or if he/she answered the question anyway. The taste of the 
water is good to very good for most of the men answering. As mentioned before, women are 
not as satisfied with the plant as men. Women are divided in this issue. About half of the 
women think that the taste is good to very good, at the same time as the other part thinks its 
not. Seen in a longer perspective, most people think that variations in taste occur from time to 
time. This is true for most women and among a great part of the permanent residents. 
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Opinions about a neutral and fresh smell of the water are shared with most of the people. Men 
are even here the most positive group and the majority has this opinion. For women this is the 
case for about half and the other part agrees partly that the water have a neutral and fresh 
smell. These same opinions are shared with the permanent residents. The question if the 
households are concerned about the water from a health point of view, showed that the great 
majority have no or a small concern. The great majority of women have a small to large 
concern regarding this issue. Permanent residents are the least concerned group closely 
followed by men.  
 

Knowledge of sustainable development compared to their 
opinion about how sustainable their personal life are    

(question 15 and 16). 
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Figure 13. Comparison between answers in question 16 and 17vi.     

As can be seen in the diagram (Figure 13 and in Appendix 4), the great majority of the 
answering households claim that they have limited knowledge about sustainable development, 
at the same time as they claim that the have a sustainable to very sustainable lifestyle. It is 
almost impossible to claim that they have a sustainable to very sustainable lifestyle, if they do 
not know what sustainable development means. This result shows a big problem, which future 
environmental projects on both a regional, societal and local level most solve. If the personal 
opinion is that they have a sustainable lifestyle, when this is not the case, bad environmental 
life-style patterns become hard to break. It may also be a problem for people with this opinion 
to respond to environmental information. This result agrees with my own experience 
regarding the attitude in the Swedish society for environmental questions and projects. It is 
impossible for me to say if this is the case in the rest of Europe and similar countries like 
United States. However, my six months living in United States gave an indication that this 
also the case for them.  

                                                 
vi Results were given by calculating total points against maximum points for each category.  
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As a last part of the survey, the households were asked about their opinions on what they 
think should be improved and what is good regarding the drinking water at the Utö water 
plant. Most of the answering households in the survey think that it is good to use seawater 
instead of groundwater. By doing so, the use of groundwater is minimized on the Island. Their 
opinions about taste and quality are divided. Many households think that both the quality and 
taste is very good and have become better over these past years. Compared to the time when 
only mining water was used, many households see a great improvement of both quality and 
taste. At the same time, a great number of households think that the taste and the quality of 
the water are not good enough and they rather not drink it. They think that the water does not 
seem clean and it tastes too much iron. One reason for this, according to some households, is 
the old water distribution system on this part of the Island together with assumptions that 
somehow the taste of iron comes from the mining water added to the water. Many households 
with small children do not allow their children to drink the water without boiling it. Some buy 
their water for the same reason. Many people also think that information about the water and 
the water plant is insufficient. They wish for more information about results on water analysis 
and information about failure in the plant affecting the drinking water. Some people are also 
concerned about algal blooms and the possibility of algal toxins reaching the drinking water. 
Some households ask for regular measurements and information about algal toxins in the 
drinking water during algal blooms. However, almost all households on the Island think that it 
is good to have an own water plant on the Island, which can assure them a good access of 
drinking water.  
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7 Discussion 
In technical terms, the facility has functioned well. Most of the values in both historical and 
present time are within guidelines and regulations from the National Food Administration 
(SLVFS 2001:3) and the National Board of Health and Welfare (SOSFS 2003:17). However, 
pH in the plant varied from slightly acidic water to highly alkaline water over time (pH 6.7-
9.2). Before 2006, the tendency was alkaline water. During 2006, a more stabilized pH was 
obtained. One idea was that sodium hydrogen carbonate dosage could affect these changes in 
pH. The alkalinity measurement could indicate if this is correct because it is a measurement of 
the total concentration of HCO3

- and CO3
2- ions or indirect how much a water can resist 

changes in pH. Variations in alkalinity between 33 – 130 mg/l were found during the same 
period as the largest pH variation occurred. This confirms my previous assumptions that the 
sodium hydrogen carbonate dosage is inaccurate. High pH (> pH 8) can also minimize the 
effectiveness of chlorination. The consequence of this may become a promotion of microbial 
growth in the distribution system. The fluoride concentration is very low in the drinking 
water. Concentrations in the range of 0.8-1.0 mg/l are recommended to act as caries protection 
and concentrations below 0.1 mg/l is detected in the Utö water. However, most of the people 
in Sweden get there caries protection from toothpaste containing fluoride. Arsenic found in 
the latest sample has a concentration of 3.7 µg/l and the guideline value is 10 µg/l. All arsenic 
found has probably its origin in the groundwater. Increased groundwater in the mix of 
drinking water may therefore cause the arsenic concentration to be above the desired value. 
This parameter should be observed because arsenic is a very poisonous substance and it is 
found to promote cancer. The radon-222 concentration in drinking water can be released from 
the water during handling and transportation to the laboratory. It is recommended to perform 
other analytic radioactive measurements to see if the radon concentration is below 
recommendations. Radon is part of the disintegration chain of uranium and a uranium analysis 
could be a possibility to see this.  
 
Algal toxins have been identified in drinking water by the World Health Organisation (WHO) 
and by other independent sources like the Stockholm County Council. Desalination plants in 
Stockholm County using reverse osmosis were investigated for algal toxins in the treated 
water. Low concentrations were found in some treated waters (Bluhm and Örnstedt, 2003). 
When the samples were taken, it was almost no algal bloom and some people fear that 
considerable amounts of toxins can be found during other algal bloom conditions. The 
National Food Administration has taken more recent tests for algal toxins in the summer of 
2006 at the Utö water plant. During the test, no algal bloom was taking place and therefore no 
considerable amounts of algal toxins were found. In conditions with considerable algal bloom, 
it is probable that algal toxins can be found in larger concentrations. According to WHO, 
there is a possibility of other unrecognized toxins being present as well. Desalinated water has 
another composition than freshwater and other parameters may be worth investigating. It is 
recommended to continue monitoring algal toxins produced by micro- and macro algae. 
Boron, bromide and bromide can also be worth investigating, because they are usually found 
in larger concentrations in brackish water and seawater compared to fresh and ground water. 
It is also recommended to see if the free living bacteria Vibro parahaemolyticus and Vibro 
Cholerae are found in brackish water.     
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Many samples contained to many coliform bacteria. It could be an indication of inadequate 
disinfection. Microorganisms (22°, 3 days) have only been analyzed once in 2006. However, 
this sample has a recommended value of 100 cfu/ml and increased this value with 200 cfu/ml. 
It confirms my previous assumptions. Large variations in heterotrophic plate counts (20°, 7 
days) and slow growing bacteria were also found. These parameters have no guideline values, 
but can be seen as a monitoring measurement to reveal the presence of biofilms and as an 
indicator of the reliability of the distribution system. These parameters also reveal the 
possibility that something is wrong with the disinfection. Indirectly, this large variation can be 
connected to sodium hypochloride (NaOCl) dosage. Is it possible that the same dosage is 
applied on large variations in water flows? If this is the case, the NaOCl concentration may be 
to low during the summer period with high water flows and promote microbial growth within 
the distribution system. During the winter, the opposite will occur with too high 
concentrations of sodium hypochloride. Besides this, the increased temperature during the 
summer increases the need of higher dosages even further. The opposite will occur during the 
winter season with low flows and low temperatures. The changes in pH (>pH 8) mentioned 
before may also have affected the microbial activity in the system due to less free available 
chlorine. Another factor that may have influenced some samples is that sampling is far away 
from where the water analysis is made. The transport takes approximately 19 hours before the 
water reaches Alcontrol AB in Linköping. The recommended transport time is below 12 hours 
for microbial samples and this is provided the sample is shipped with proper equipment and 
ice. The ice may melt and promote microbial growth in samples during the warm summer.  
 
The social survey revealed that most of the people are content with the current drinking water 
quality and quantity supplied by the Utö water plant. Nevertheless, a large part of the 
households are concerned about their drinking water and especially women. The survey 
revealed concerns about everything from the presence of algal toxins to the unclear 
appearance and metallic taste found in the water over time. Information about the plant and 
the drinking water is very important. Much of the concern for the drinking water comes from 
the lack of information concerning the quality of water. It is therefore of great importance to 
give such information to the consumers. The concerns about water quality were focused on 
the groundwater, rather than the RO treated brackish water. It is possible to reduce the use of 
groundwater significally, if the parallel RO modules are used at the same time. Only one of 
these RO modules is used at the same time in today’s system. Another temporary solution can 
be to connect the groundwater treatment to the RO treatment and remove metallic ions like 
arsenic. It may involve problems like increased electricity use (increased water price), lack of 
taste in the treated water (because of the efficient reduction of ions) and problems to supply 
the RO modules with sufficient quantities of water during the summer season. This may be 
the only solution if they only want treated brackish water as a part of their drinking water. 
However, at the same time, a lot of people had positive critique for the drinking water. Most 
of the answering people think that is good to have a plant on the island compared to 
alternatives found on other nearby islands in the archipelago. Some islands must transport 
water to the island by boats. It is therefore a problem with water quantity not found in the area 
of interest. Another good thing is that they have seen an improvement in quality the last two 
to three years. It is the same time period as the archipelago foundation established a service 
contract with HOH Vattenteknik AB. This is confirmed with the historical water analyses. 
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Why is there a contradiction between water analysis and the social survey? Could it be that 
the times when the water analyses were made, the plant was functioning without problem? 
Further, when there is a problem with the plant, perhaps there is no time to take samples and 
get analyses performed? This means that when samples are being taken, the problem is solved 
and the water analysis only confirms if it is still a problem. At the same time, the water 
consumers have already been drinking the water. 
 
The economic evaluation revealed that the total cost of produced drinking water is higher than 
expected. The operation cost was about 378 000 Kr and 18.8 kr/m3 without sales tax. This 
price does not consider the extended cost of administration for the plant and will give rise to 
an even higher operation cost. Operation cost is almost as much as the sales price (19.65 
kr/m3) of the water. Further, when the investment of the plant (fixed cost) is considered to the 
total cost, it gives rise to an even higher total cost. The sum of the operation and fixed costs 
give rise to a price between 24.6 and 29.3 kr/m3, depending on estimated real rate of interest 
and lifespan of the plant. Even without considerations at all to an interest, it becomes much 
higher than the current water price. Could it be that the cost of water per cubic meter is to 
low? This must be controlled further. Additionally, about 1/3 of the operation costs in 2005 
was electricity. This is also higher than excepted. The main consumption of electricity is 
probably the pressure difference needed to accomplish a required permeate flow. Today, the 
membrane pressure on the plant is 25 KPa. Newly developed membranes can operate with a 
lower pressure and will cause a substantial reduction in the use of energy. Pumps used in the 
plant are another major electricity consumer together with control valves. The pumps in the 
brackish water treatment is the main consumers and especially the high-pressure pumps used 
before the RO membranes. Control valves are also a substantial electricity consumer. They 
are used to modify fluid or the pressure rate in a process system. Replacement of control 
(throttling) valves with pressure exchanges have been made by a brackish water plant located 
outside San Diego in USA. A reduction of 12 percent of pumping power was obtained in 
comparison to the original power consumption (Cerci, 2001). It might be worth investigating 
to see if potential savings are higher than incurred costs.           
    
The development of new technology membranes for brackish and seawater filtration have 
improved very much during the past decade. However, the increase in electricity cost is larger 
than improvements to reduce energy use. According to the Swedish Energy Agency, the price 
for 1 Kwh has more than doubled since 1997. The increase in the oil price is the main reason 
for this increase (STEM, 2006). The Network for Oil and Gas, in short NOG, was initiated to 
monitor the development in oil and gas production. According to NOG, the demand for oil in 
the world will increase enormously until 2020. OPEC and EIA estimate an increase in 
demand from 76 million barrels per day to 107 million barrels a day in 2020 (Lee, 2006, p. 4). 
Even if I do not think the increase in oil demand in the world would increase so enormously 
as the prediction from OPEC and EIA, I believe it will have a great influence on the price of 
electricity in the future and indirectly for this plant. This is even if new and better energy 
saving equipment is developed together with better monitoring of these kinds of desalination 
plants.   
 
The chemical products used permanently in the plant are relatively harmless. However, 
sodium hypochlorite is a dangerous chemical used in disinfection. There are no good 
alternative for this chemical for the time being. Another dangerous chemical used is the strong 
oxidizer potassium permanganate. In small concentrations used in the plant, this chemical is 
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not considered to be dangerous to the environment. However, handling of it can be dangerous 
and precautions must be considered. Compared to conventional drinking water treatment, this 
plant does not use so many chemicals in the pretreatment of the water. This is because a 
coagulation and sedimentation step is not needed in the reverse osmosis treatment system.  
 
Another thing is that a logbook must be constructed in order to fill in information gaps for the 
plant. There is no logbook for the plant today. Outgoing drinking water from the plant in 
cubic meter per day is the only parameter recorded until now. All manual flow meters are of 
importance to check with date and time for a more accurate chemical dosage. An even better 
idea is to install automatic flow meters. However, costs must be considered and weighed 
against the possible gains of an automatic flow meter instead of the present manual flow 
system. Chemical overdosage is about 300 percent for AmeRoyal 363. Could this be the case 
for other added chemicals as well? Sodium hypochlorite is accurate in dosage according to 
estimated annual use of the chemical. This chemical is used at the end of the treatment 
process. The dosage could be easily adjusted by checking previous water measurements. The 
correct dosage is for the water with daily records of flows, and the wrong dosage is for the 
flows with no daily records. Can the incorrect dosage for AmeRoyal 363 depend on 
inaccurate adjustments to changing flows? Is this the case for chemicals added to the 
groundwater treatment as well? The technical analysis indicated a possibility that sodium 
hypochloride concentrations are incorrectly adjusted to changing flows and this supports the 
previous argument.        
 
A simplified mass balance could be implemented once every year to assess the system. The 
use of mass balances in the system is an easy way to get an overview of it. The reliability of 
the system gets better, it reduces the risk of operation failure and it simplifies the plant 
service. Only a few parameters are necessary to use to get a good picture of the condition of 
the plant and purification steps. Turbidity together with chlorine and sodium ions are good 
parameters to assess in the reverse osmosis treatment. Total dissolved solids (TDS) are used 
internationally to access this kind of systems together with chloride and sodium ions. TDS 
include dissolved inorganic ions (calcium, magnesium, potassium, sodium, bicarbonates, 
chlorides and sulfates) and small amounts of organic matter that are dissolved in water 
(WHO, 2006). In general, TDS is the total concentration of ions (cations and anions) in the 
water. TDS measurements are not performed in the current accredited laboratory used by the 
plant. However, electrical conductivity (EC) can be transformed to TDS because EC is an 
indirect measurement to assess the same thing (total ions). TDS in mg/l is approximated to be 
EC (ds/m or µmho/cm) multiplied with (0.55-0.70) (Metcalf and Eddy, 2003). TDS can also 
be a good measurement to assess the groundwater treatment and the total system.    
 
In order to implement a more sustainable water system at the northern part of Utö in the 
future, the existing wastewater treatment plant could be connected to the RO drinking water 
plant. In this visionary approach, the outgoing treated water from the wastewater treatment 
plant would serve as raw water to the RO drinking water plant. A substantial gain to the costal 
aquatic environment can be obtained with this. However, it is not possible to achieve 
acceptance to this at the moment, because of the mental attitude to these kinds of waters. This 
might be a possibility in the future with better reliability and monitoring of these kinds of 
systems.                  
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Overall, the plant functions well from both a technical and social point of view. The quality of 
the drinking water has increased since the archipelago foundation of Stockholm County 
implemented a service contract with HOH Vattenteknik in 2004. However, indications about 
incorrect dosage of some chemicals in the plant must be investigated further. Enhanced 
chemical analysis should be performed more frequently than before and other parameters not 
considered in SLV 2001:3 (e.g. uranium and bromide) should be investigated at times. It 
might be worth investigating if control valves in the brine discharge can be changed to 
pressure exchanges and help decrease the extensive use of energy in the plant. This membrane 
technique is a very good technique to provide drinking water in coastal or polluted areas and 
can become a complement to municipal drinking water treatment in Sweden. The electricity 
consumption may be expected to be higher on the west coast of Sweden compared to the 
Stockholm archipelago, due to the higher salinity. A potential future problem for this 
technique is a more rapid increase in electricity cost compared to possible improvements in 
energy consumption in these systems. However, if the opposite occurs this technique may 
become an even better alternative for drinking water production compared to conventional 
methods.  
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8 Conclusions and recommendations 
 

• The study showed that the plant functions well from both a technical and a social point 
of view. 

• There is a need to monitor more parameters e.g. 

 - Flows 

- Concentrations of added chemicals e.g. AmeRoyal 363  

- Water parameters:  

i. Brackish water:  The bacteria family Vibro ssp including V.   
  parahaemolyticus and V. Cholerae. Bromide is also
  of interest in this kind of water.   

ii. Groundwater:  Uranium and its degradation product radon. 

iii. Introduce occasional more extended water analyses 

iv. Introduce regular mass balance calculations to assess the system 

• The total production cost per cubic meter is higher than expected and higher than the 
price charged for the water.  

• Electricity consumption is high and very much higher than the average consumption 
for large-scale water supply through e.g. Stockholm Vatten AB.   

• The potential for cost and electricity savings by means of changing the existing 
control valves for pressure exchange valves should be investigated.   

• The plant should be considered as an interesting special application in complement to 
municipal drinking water supply. Electricity cost may become a problem in the future 
for this technique if energy prices continue to increase.   
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9 Glossary  
Alkalinity: The capacity to neutralize acid.  
Brine: A solution of water which is saturated or nearly saturated with 

salt. 
Concentration polarization: Retained brackish seawater accumulates on the membrane.   
Conductivity: A measure of the ability of a solution to conduct an electrical 

current and it is proportional to the concentration of ions in the 
solution.   

Ecological footprint: The phrase "ecological footprint" is a metaphor used to depict 
the amount of land and water area a human population would 
hypothetically need to provide the resources required to 
support it and to absorb its wastes in a sustainable way, given 
prevailing technology. 

Fouling: Attachment of certain substances causing a long term decline 
in reverse osmosis membrane performance. 

Mass balance: Based on “law of conservation of mass” principle, i.e. that 
matter can not disappear or be created. Used to monitor 
process activity.     

Permeate: Solvent passing the semi permeable reverse osmosis 
membrane. In brackish seawater desalination purified drinking 
water is called permeate.   

pH: A measure of the acidity of a solution, in terms of activity of 
hydrogen ions (H+), standing for potential of Hydrogen. pH = - 
log [H+]. 

Radical: Atomic or molecular species with unpaired electrons. Highly 
reactive.  

Reverse osmosis: A membrane process in which solutions of two different 
concentrations are separated by a semi-permeable membrane. 
A applied pressure gradient greater than the osmotic pressure 
ensures flow from the more concentrated to the less 
concentrated solution.  

Scaling: Membrane blockage because of suspended or colloidally 
dissolved substances carried in or because of growth of 
microorganisms. 

Turbidity:  A measure of the cloudiness of water- the cloudier the water, 
the greater the turbidity. Turbidity in water is caused by 
suspended matter such as clay, silt, and organic matter and by 
plankton and other microscopic organisms that interfere with 
the passage of light through the water.  
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Appendix 

Appendix 1 - Technical data, Utö water plant 

Brackish water treatment 
 
A. Raw water pumps 
Description Product Type Engine  

At 50 mvp 
(KW) 

Capacity  
At 50 mvp 
(m3/h) 

Number  
of pumps 

SV 3003 N 55 T 5,5 23 1 Seawater 
pumps 

ITT-Flygt 
SV 805 N 22 T 2,2 10 1 

Booster pump ITT-Flygt SV 3003 N 55 T 5,5 23 2 

Source: The Archipelago foundation in Stockholm County 
 
B. Sand filter 
Description Product/Type Diameter/

height 
(mm) 

Mesh 
size 
(μm) 

Capacity, during filtration speed 10 m/h 
(m3/h) 
 

Sand filter Automatic pressure 
filter/  
SH 100/AL 

1000/2540 50 7,8 

Filter media Number 
Of sandfilters 

Spolarvattenbehov 
under ca 5 min   
(dm3/h) 

Maximum working  
pressure 
(Bar) Sand type Diameter 

(mm) 
Quantity 

Hydroanthracite N 0,6-1,6 250 dm3 
Filter pyrite 0,4-0,8 650 kg 
Filter pyrite 1,2-2,0 150 kg 
Filter pyrite 3,0-5,0 150 kg 

3 400 10 

Filter pyrite 5,0-8,0 300 kg 
Source: The Archipelago foundation in Stockholm County 
 
C. Reverse osmosis pre-filters 
Description Product/Type Maximum capacity 

(m3/h) 
Filter media Mesh size 

(μm) 
Number of 
filters 

Bag filter Hayward filtration 
systems/Model 
number FLT4202 

10 Leffler 
filtration/Lotclear 
LCR-527-TO2Z- 
04, 12 pieces 

25  2 

Cartridge filter AMA/ Model NR 24 
AFW 4T-2 N3 
 

10 24 parts of filter 
cartridge, 10” 

10 2 

Source: Inventory at Utö water plant (2006-05-18) 
 
D. Centrifugal pumps 
Description Product/Type Maximum 

capacity at 220 
mvp 
(m3/h) 

Approximated 
Pressure 
during 
operation 
(Bar) 

Engine 
(KW) 

Q 
(m3/h)  

Number  
Of  pumps 

Hydrostatic high 
pressure pump, 

RO 1  

ITT-Flygt/ Lowara 
SV 1615 N 150 T 

14 26 15 9-24 1 

Hydrostatic high 
pressure pump, 

RO 2 

ITT-Flygt/ Lowara 
PXN 1615 T 

14 26 15 9-24 1 

Source: The Archipelago foundation in Stockholm County 
 
 
 



56 

 
E. Reverse osmosis modules 

Maximum Operating 
 

pH-range Maximum 
 

Description RO-
Membrane 

Product/Type Temperature 
(ºC) 

Pressure 
(Mpa) 

Continuous 
Operation 

Short-Term 
Cleaning (30 

min) 

Feed 
flow 

(m3/h) 

Permeate 
Flow 

(m3/day) 
Filmtec 

BW30-400 
thin-film 

composite 

45 4,1 2-11 1-12 19 40 

Active 
membrane 

area 
(m2) 

Free Chlorine tolerance 
(ppm) 

Number Of Filmtec 
membranes 
per module 

Number of modules 

Reverse 
osmosis 

membrane 
module 

37,2 < 0,1 4 4 
Source: HOH Vattenteknik AB, www.dow.com (2006-05-12) 
 
F: Sewage disposal system 
Description Volume 

(m3) 
Number of tanks  

Sewage tank ~2,75 1 
Source: Inventory at Utö water plant (2005-05-18) 
 
G: Acid neutralization filter 

Description Product/ 
Type 

Flux  
capacity 

(dm3/min) 

Design 
pressure 

(bar) 

Diameter/ 
height 
(mm) 

 

Filter media Number 
of filters 

Manual  
Deacidification 

 filter 

DN1000 20 10 1000/2540 Hydrolite,1000 Kg 
Filter pyrite, 150 kg, 2-3 mm 

Filter pyrite, 150 kg,  3-5 mm 

2 

Source: The Archipelago foundation in Stockholm County 
 
H. Water storage tanks 
Description Volume 

(m3) 
Number of tanks  Total volume 

(m3) 
Mixed purified water from the groundwater- and RO-plant 30 2 60 
Source: The Archipelago foundation in Stockholm County 
 
I. Distribution pumps 
Description Product/Type Effect (KW) Capacity 

(m3/h) 
Maximum 
height of 
pumping, 

H-max 
 (m) 

N 
(dm3/min) 

Number of 
pumps 

Distribution 
pump 1 

ITT-Flygt/Lowara 
SV 1606 F 55 T 

5,3 24 98 2900 1 

Description Product/Type Effect (KW) Capacity 
(m3/h) 

Maximum 
height of 
pumping, 

H-max 
 (m) 

N 
(dm3/min) 

Number of 
pumps 

Distribution 
pump 2 

ITT-Flygt/Lowara 
SV 1605 F 55  

5,5 9-24 86 2900 1 

Source: Inventory at Utö water plant (2005-05-18) 
 
J. Hydrophores 
Description Volume 

(m3) 
Number of hydrophores Total volume 

(m3) 
Water storage and pulsator 5 2 10 
Source: Inventory at Utö water plant (2005-05-18) 
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Groundwater treatment 
A. Groundwater pump 

Engine 
 

Description Product/Type 

Description Effect 
(KW) 

Voltage 
(V) 

Maximum 
current 
intensity 
during 
operation 
(A) 

Number of pumps 

Groundwater 
pump 

DEBE DB DN 
19 2,2 KW 

3 phase engine 2,2 3·400 5,9 1 

Maximum capacity 
at 100 mvp 
(dm3/min) 

Pipe joint Maximum height of pumping, H-max 
(m) 
 

80 G50 124 
Source: ITT Flygt AB by phone 2006-04-05, The Archipelago foundation in Stockholm County 
 
B. Iron and manganese filter  
Description Filtermedia Number of filters 

FerroB – iron removing mass, 1320 Kg 
Filter pyrite, 1-2 mm, 150 Kg 
Filter pyrite, 3-5 mm, 150 Kg 

Iron filter 

Filter pyrite, 5-8 mm, 400 Kg 

1 

Dosage pump for KMnO4 Number of pumps Description 

Product/type Dosage vessel capacity 
(dm3) 

Dosage pump for  
KMnO4 

MK097ASR 100 

1 

Source: The Archipelago foundation in Stockholm County 
 
C. Humus filter (anion exchange) 
Description Product/Type Filter media 

Anion mass, type Levatit MP 500 A, 500 dm3 Humus filter Vattenteknik/900 
Filter pyrite, 1-2 mm, 100 kg 

Source: The Archipelago foundation in Stockholm County 
 
D. Softener Filters (cation exchange) 
Description Product/Type Filter mass Salt 

container 
(dm3) 

Volume 
(dm3) 

Index 
capacity  
m3/°dH 

Cation mass, 225 dm3 Softener/Wetting 
filter 
Nr 1 

Vattenteknik/TSVL 
610 

Filter pyrite, 1-2 mm, 50 Kg 

520 450 65 

Cation mass, 175 dm3 Softener/Wetting 
filter 
Nr 2 

Vattenteknik/TSVL 
530  

Filter pyrite, 1-2 mm, 40 Kg 

320 310 45 

Source: The Archipelago foundation in Stockholm County 
 
E: Sewage disposal system 
Description Volume 

(m3) 
Number of tanks  

Sewage tank ~1,7 1 
Source: The Archipelago foundation in Stockholm County 
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Appendix 2 – Used chemicals and filter media, Utö water plant 

Brackish water treatment 
Name Description Function Main component 

(s) 
Company 

AmeRoyal 363 Scaling  
inhibitor  

Avoid membrane 
covering and 
clogging 

Poly acryl acid, 
sodium salt,  
25-40 % 

Ashland Sweden AB 

P3-ultrasil 10 Cleaning  
agent 
UN Nr: 1823 

Membrane 
cleaning  

Sodium hydroxide, 
EDTA, phosphate, 
alkyl benzene 
sulfonate, 
gluconate 

Henkel-Ecolab AB 

Citric acid 
monohydrate,  
Fine Granular  

Cleaning  
agent 
CAS No. 5949-29-41 

Membrane 
cleaning 

Citric acid 
monohydrate 

Citrique Belge LTD, 
Tienen, Belgum 

Sodium hydrogen 
carbonate. NaHCO3  

Alkalinity  
increasing agent 
CAS No. 144-55-8 

Reduce water 
acidity  

Sodium hydrogen 
carbonate. 
NaHCO3 

Sodawerk Straßfurt 
GmbH & CO. KG 

Sodium hypochlorite, 
NaClO 

Disinfection  
agent 
UN Nr: 1791 
EG NR: 231-668-3 

Microorganism 
remover 

Sodium 
hypochlorite, 
NaClO 

Breentag Nordic AB 

Source: Inventory at Utö water plant (2006-05-18) 

Groundwater treatment 
Name Description Function Main component (s) Company 
Broxo 6-15 Softening agent 

CAS No.  
7647-14-5 
 

Remove calcium and 
magnesium from the 
humus filters and the 
hardness-reducing 
filters 

Sodium chlorite, NaCl Akzo Nobel AB 

Akdolit-gran 
(hydrolite) 

Granulated filter 
material made of 
burned dolomite  

Deacidification and 
hardness increaser 

Calcium magnesium 
oxide,  MgO · CaCO3) 

Breentag Nordic 
AB 

Potassium 
permanganate, 
KMnO4 
 

Oxidizing agent Oxidizes iron and 
manganese, reduces 
hydrogen sulphide 

Potassium permanganate, 
KMnO4 
 

Breentag Nordic 
AB 

Hydroanthrasit N Filtermaterial in 
sandfilters, made of 
Antracite  

Filtrating of incoming 
feed water   

Active carbon (~96 %) 
 

Breentag Nordic 
AB 

Filtersand  Filtermaterial in 
sandfilters 

Filtrating of incoming 
feed water   

Silicon dioxide, SiO2 
82 %  

Breentag Nordic 
AB 

Manganese 
Greensand 

Granulated filter 
material made of 
treated glauconite 
(silicate material) 

Filtration of iron, 
manganese and 
hydrogen sulphide 

Glauconite, a natural 
silicate mineral 

Breentag Nordic 
AB 

Source: Inventory at Utö water plant (2006-05-18) 
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Appendix 3 – Questionnaire (In Swedish) 
Enkät till åretruntboende och sommarboende på ön Utö, 2006 
 
Kön 
□  Man  □  Kvinna  
 
Ålder 
 
□  Under 30 år   □  30-40 år   □  40-50 år   □  50-60 år   □  Över 60 år  
 
Typ av fastighet  
 
□  Villa eller radhus □  Fritidshus □  Annan fastighet  
□  Flerfamiljshus □  Lägenhet 
 
Typ av boende 
 
□  Åretruntboende  □  Sommarboende    
 
Kvalitetsfrågor om vatten från Utö vattenverk  
 
1. EU:s ramdirektiv för vatten säger att EU:s medborgare har rätt till vatten 

av tillräcklig kvantitet och kvalitet. Hur väl är detta direktivs mål uppfyllt 
för dig? 

 
Mycket 
dåligt 

Dåligt Varken bra 
eller dåligt 

Bra Mycket bra 

1 2 3 4 5 6 7 8 9 10 
 
2. Hur tycker Du att vattenverket lever upp till sitt mål att kontinuerligt  
      leverera ett gott och rent drickvatten? 
 

Mycket 
dåligt 

Dåligt Varken bra 
eller dåligt 

Bra Mycket bra 

1 2 3 4 5 6 7 8 9 10 
 
3. Vad tycker Du om kvaliteten på vattnet? 
 

Mycket 
dålig 

Dålig Varken bra 
eller dåligt 

Bra Mycket bra 

1 2 3 4 5 6 7 8 9 10 
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4. Anser Du att kvaliteten på vattnet varierar med tiden? 
 

Ja, 
instämmer 

helt 

Ja, 
instämmer 

delvis 

Varken ja 
eller nej 

Nej, 
instämmer 

delvis 

Nej, 
instämmer 

inte alls 
1 2 3 4 5 6 7 8 9 10 

 
5. Tycker Du att leveransen av vattnet är pålitlig och sker utan oplanerade  

avbrott? 
 

Nej, 
instämmer 

inte alls 

Nej, 
instämmer 

delvis 

Varken ja 
eller nej 

Ja, 
instämmer 

delvis 

Ja, 
instämmer 

helt 
1 2 3 4 5 6 7 8 9 10 

 
6. Tycker Du att möjligheten att få tillräckligt med vatten varierar med  

tiden? 
 

Ja, 
instämmer 

helt 

Ja, 
instämmer 

delvis 

Varken ja 
eller nej 

Nej, 
instämmer 

delvis 

Nej, 
instämmer 

inte alls 
1 2 3 4 5 6 7 8 9 10 

 
7. Vad tycker Du om priset på vattnet i förhållande till kvaliteten? 
 
Mycket högt  Högt Varken 

högt eller 
lågt 

Lågt Mycket lågt 

1 2 3 4 5 6 7 8 9 10 
 
8. Vad tycker Du om smaken på vattnet? 
 

Mycket 
dålig 

Dålig Varken bra 
eller dåligt 

Bra Mycket bra 

1 2 3 4 5 6 7 8 9 10 
 
9. Tycker Du att smaken av vattnet varierar med tiden? 
 

Ja, 
instämmer 

helt 

Ja, 
instämmer 

delvis 

Varken ja 
eller nej 

Nej, 
instämmer 

delvis 

Nej, 
instämmer 

inte alls 
1 2 3 4 5 6 7 8 9 10 

 
10. Anser Du att vattentrycket i ledningarna alltid är tillfredställande? 
 

Nej, 
instämmer 

inte alls 

Nej, 
instämmer 

delvis 

Varken ja 
eller nej 

Ja, 
instämmer 

delvis 

Ja, 
instämmer 

helt 
1 2 3 4 5 6 7 8 9 10 
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11. Anser Du att vattnet har en neutral och frisk lukt? 
 

Nej, 
instämmer 

inte alls 

Nej, 
instämmer 

delvis 

Varken ja 
eller nej 

Ja, 
instämmer 

delvis 

Ja, 
instämmer 

helt 
1 2 3 4 5 6 7 8 9 10 

 
12. Anser Du att vattnet är klart och rent? 
 

Nej, 
instämmer 

inte alls 

Nej, 
instämmer 

delvis 

Varken ja 
eller nej 

Ja, 
instämmer 

delvis 

Ja, 
instämmer 

helt 
1 2 3 4 5 6 7 8 9 10 

 
13. Anser Du att vattnet är tillräckligt kallt året runt? 
 

Nej, 
instämmer 

inte alls 

Nej, 
instämmer 

delvis 

Varken ja 
eller nej 

Ja, 
instämmer 

delvis 

Ja, 
instämmer 

helt 
1 2 3 4 5 6 7 8 9 10 

 
14. Känner Du oro ur hälsosynpunkt över ditt dricksvatten? Jag känner 
 
Mycket stor 

oro 
Stor oro Varken stor 

eller liten 
oro  

Liten oro Ingen oro 

1 2 3 4 5 6 7 8 9 10 
 
Övriga frågor 
 
15. Hållbar utveckling innebär att behoven hos människor som lever idag 

tillgodoses utan att kommande generationers möjligheter att tillgodose 
sina behov äventyras.  

 
Hur stor är Din kunskap om hållbar utveckling? 

 
Mycket 
liten  

liten Varken stor 
eller liten  

Stor Mycket stor 

1 2 3 4 5 6 7 8 9 10 
 
16. Hur hållbar är Din personliga livsstil?   
 
Inte alls 
hållbar 

Inte hållbar Varken 
hållbar eller 
inte hållbar 

Hållbar Mycket 
hållbar 

1 2 3 4 5 6 7 8 9 10 
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17. Är det lätt att få tag i information om vattenverket? 
 
□  Ja  
□  Nej  
□  Vet ej/ingen åsikt 
 
Nämn något som är bra gällande dricksvattnet på Utö.   
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
 
Nämn något som bör förbättras gällande dricksvattnet på Utö.   
 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
.......................................................................................... 
 
 
 
Tack för Er medverkan ! 
 
 
 



 

  

Appendix 4 – Questionnaire (Data, diagrams and translated questions 
in english) 

Question 1  
The EU Water Framework Directive for drinking water says that all citizens within the 
European Union have the right to water of sufficient quantity and quality. In your opinion, 
how well this directive fulfilled? 

 - 
Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 2 0 1 5 3 7 6 11 7 
Permanent residents  0 0 0 1 3 1 2 2 4 3 
Summer residents  0 2 0 0 2 2 5 4 7 4 
Men 0 0 0 0 1 1 4 4 5 6 
Women 0 2 0 1 4 2 3 2 6 1 

 
 - 

Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Total residents (%) 0 5 0 2 12 7 17 14 26 17 
Permanent residents (%)  0 0 0 6 19 6 13 13 25 19 
Summer residents (%)  0 8 0 0 8 8 19 15 27 15 
Men (%) 0 0 0 0 5 5 19 19 24 29 
Women (%) 0 10 0 5 19 10 14 10 29 5 

 
 Points Maximum points Percent of maximum
Total residents  317 420 75.5 
Permanent residents  121 160 75.6 
Summer residents  196 260 75.4 
Men 176 210 83.8 
Women 141 210 67.1 
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Question 2  
How do you think the water plant live up to the goal of continuously delivering a good and 
clean drinking water? 
 

 - 
Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 1 0 3 3 2 7 6 9 11 
Permanent residents  0 0 0 1 1 1 2 3 4 4 
Summer residents  0 1 0 2 2 1 5 3 5 7 
Men 0 0 0 0 1 1 1 4 5 9 
Women 0 1 0 3 2 1 6 2 4 2 

 
 - 

Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Total residents (%) 0 2 0 7 7 5 17 14 21 26 
Permanent residents (%)  0 0 0 6 6 6 13 19 25 25 
Summer residents (%) 0 4 0 8 8 4 19 12 19 27 
Men (%) 0 0 0 0 5 5 5 19 24 43 
Women (%) 0 5 0 14 10 5 29 10 19 10 

 
 Points Maximum points Percent of maximum
Total residents  329 420 78.3 
Permanent residents  129 160 80.6 
Summer residents  200 260 76.9 
Men 185 210 88.1 
Women 144 210 68.6 
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Question 3  
What do you think about the water quality? 
 

 - 
Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 1 0 6 5 2 7 6 7 8 
Permanent residents  0 0 0 3 2 1 2 5 1 2 
Summer residents  0 1 0 3 3 1 5 1 6 6 
Men 0 0 0 0 2 2 3 1 5 8 
Women 0 1 0 6 3 0 4 5 2 0 

 
 - 

Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Total residents (%) 0 2 0 14 12 5 17 14 17 19 
Permanent residents (%)  0 0 0 19 13 6 13 31 6 13 
Summer residents (%) 0 4 0 12 12 4 19 4 23 23 
Men (%) 0 0 0 0 10 10 14 5 24 38 
Women (%) 0 5 0 29 14 0 19 24 10 0 

 
 Points Maximum points Percent of maximum
Total residents  303 420 72.1 
Permanent residents  111 160 69.4 
Summer residents  192 260 73.8 
Men 176 210 83.8 
Women 127 210 60.5 

 
 
 

0
5

10
15
20
25
30
35
40

1 Very bad

2 3 Bad 
4 5 Either good or bad 

6 7 Good
8  9 Very good

10

Pe
rc

en
t (

%
)

Total residents 

Permanent
residents  
Summer residents 

Men

Women

 
 
 
 



66 

Question 4  
Is your opinion that the quality of the water varies in time? 
 

 - 
Yes, agree  
completely Yes, agree partly Either yes or no No, agree partly 

+ 
No, do not  
agree at all 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  1 1 4 12 6 2 1 3 9 3 
Permanent residents 0 1 2 7 3 0 0 1 1 1 
Summer residents  1 0 2 5 3 2 1 2 8 2 
Men 1 0 1 2 2 2 1 3 6 3 
Women 0 1 3 10 4 0 0 0 3 0 

 
 - 

Yes, agree 
completely Yes, agree partly Either yes or no No, agree partly 

+ 
No, do not  
agree at all 

Total residents (%) 2 2 10 29 14 5 2 7 21 7 
Permanent residents (%)  0 6 13 44 19 0 0 6 6 6 
Summer residents (%) 4 0 8 19 12 8 4 8 31 8 
Men (%) 5 0 5 10 10 10 5 14 29 14 
Women (%) 0 5 14 48 19 0 0 0 14 0 

 
 Points Maximum points Percent of maximum
Total residents  247 420 58.8 
Permanent residents  78 160 48.8 
Summer residents  169 260 65.0 
Men 149 210 71.0 
Women 98 210 46.7 

 

0
5

10
15
20
25
30
35
40
45
50

1 Yes, agree completely

2 3 Yes, agree partly

4 5 Either  yes or no 

6 7 No, agree partly

8  9 No, do not agree at all 

10

Pe
rc

en
t (

%
)

Total residents 

Permanent
residents  
Summer residents 

Men

Women

 



67 

Question 5  
Do you think that the water distribution is reliable and continuous without unplanned 
interruptions? 
 

 - 
No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree 
completely 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 2 2 2 2 5 6 2 5 16 
Permanent residents  0 0 1 2 2 1 3 1 2 4 
Summer residents  0 2 1 0 0 4 3 1 3 12 
Men 0 1 2 2 1 1 1 0 3 10 
Women 0 1 0 0 1 4 5 2 2 6 

 
 - 

No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree 
completely 

Total residents (%) 0 5 5 5 5 12 14 5 12 38 
Permanent residents (%)  0 0 6 13 13 6 19 6 13 25 
Summer residents (%)  0 8 4 0 0 15 12 4 12 46 
Men (%) 0 5 10 10 5 5 5 0 14 48 
Women (%) 0 5 0 0 5 19 24 10 10 29 

 
 Points Maximum points Percent of maximum
Total residents  321 420 76.4 
Permanent residents  114 160 71.3 
Summer residents  207 260 79.6 
Men 161 210 76.7 
Women 160 210 76.2 
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Question 6  
Do you think that the possibility of receiving a sufficient amount of water varies in time? 
 

 - 
Yes, agree  
completely Yes, agree partly Either yes or no No, agree partly 

+ 
No, do not  
agree at all 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  2 1 3 6 5 2 3 4 9 7 
Permanent residents 0 0 1 4 0 2 3 1 2 3 
Summer residents  2 1 2 2 5 0 0 3 7 4 
Men 1 1 0 2 0 1 2 4 5 5 
Women 1 0 3 4 5 1 1 0 4 2 

 
 - 

Yes, agree  
completely Yes, agree partly Either yes or no No, agree partly 

+ 
No, do not  
agree at all 

Total residents (%) 5 2 7 14 12 5 7 10 21 17 
Permanent residents (%)  0 0 6 25 0 13 19 6 13 19 
Summer residents (%) 8 4 8 8 19 0 0 12 27 15 
Men (%) 5 5 0 10 0 5 10 19 24 24 
Women (%) 5 0 14 19 24 5 5 0 19 10 

 
 Points Maximum points Percent of maximum
Total residents  278 420 66.2 
Permanent residents  108 160 67.5 
Summer residents  170 260 65.4 
Men 158 210 75.2 
Women 120 210 57.1 
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Question 7 
What do you think about the price of the water in relation to the quality? 
 

 -  
Very  
high High Either high or low Low 

+ 
Very 
low 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 3 1 2 15 3 0 1 4 13 
Permanent residents 0 1 1 2 3 2 0 0 4 3 
Summer residents  0 2 0 0 12 1 0 1 0 10 
Men 0 3 0 0 7 2 0 0 2 7 
Women 0 0 1 2 8 1 0 1 2 6 

 
 -  

Very  
high High Either high or low Low 

+  
Very  
low 

Total residents (%) 0 7 2 5 36 7 0 2 10 31 
Permanent residents (%)  0 6 6 13 19 13 0 0 25 19 
Summer residents (%)  0 8 0 0 46 4 0 4 0 38 
Men (%) 0 14 0 0 33 10 0 0 10 33 
Women (%) 0 0 5 10 38 5 0 5 10 29 

 
 Points Maximum points Percent of maximum
Total residents  284 420 67.6 
Permanent residents  106 160 66.3 
Summer residents  178 260 68.5 
Men 141 210 67.1 
Women 143 210 68.1 
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Question 8 
What do you think about the taste of the water? 
 

 - 
Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  2 0 1 5 8 1 10 7 3 5 
Permanent residents  0 0 1 4 1 1 3 3 1 2 
Summer residents  2 0 0 1 7 0 7 4 2 3 
Men 0 0 0 2 4 0 5 4 3 3 
Women 2 0 1 3 4 1 5 3 0 2 

 
 - 

Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Total residents (%) 5 0 2 12 19 2 24 17 7 12 
Permanent residents (%)  0 0 6 25 6 6 19 19 6 13 
Summer residents (%) 8 0 0 4 27 0 27 15 8 12 
Men (%) 0 0 0 10 19 0 24 19 14 14 
Women (%) 10 0 5 14 19 5 24 14 0 10 

 
 Points Maximum points Percent of maximum
Total residents  274 420 65.2 
Permanent residents  104 160 65.0 
Summer residents  170 260 65.4 
Men 152 210 72.4 
Women 122 210 58.1 
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Question 9 
Do you think that the taste of the water varies in time? 
 

 - 
Yes, agree  
completely Yes, agree partly Either yes or no No, agree partly 

+ 
No, do not  
agree at all 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 2 4 11 7 1 3 2 6 6 
Permanent residents 0 1 2 5 3 1 1 0 2 1 
Summer residents  0 1 2 6 4 0 2 2 4 5 
Men 0 1 1 3 4 1 1 2 4 4 
Women 0 1 3 8 3 0 2 0 2 2 

 
 - 

Yes, agree 
completely Yes, agree partly Either yes or no No, agree partly 

+ 
No, do not  
agree at all 

Total residents (%) 0 5 10 26 17 4 7 5 14 14 
Permanent residents (%)  0 6 13 31 19 6 6 0 13 6 
Summer residents (%) 0 4 8 23 15 0 8 8 15 19 
Men (%) 0 5 5 14 19 5 5 10 19 19 
Women (%) 0 5 14 38 14 0 10 0 10 10 

 
 Points Maximum points Percent of maximum
Total residents  252 420 60.0 
Permanent residents  84 160 52.5 
Summer residents  168 260 64.6 
Men 142 210 67.6 
Women 110 210 52.4 
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Question 10 
Do you think that the water pressure in the pipes always is satisfactory? 
 

 - 
No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+  
Yes, agree  
completely 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  2 1 1 5 4 3 4 4 9 9 
Permanent residents 0 0 0 3 3 1 2 1 4 2 
Summer residents  2 1 1 2 1 2 2 3 5 7 
Men 0 1 0 1 3 1 1 3 4 7 
Women 2 0 1 4 1 2 3 1 5 2 

 
 - 

No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+  
Yes, agree  
completely 

Total residents (%) 5 2 2 12 10 7 10 10 21 21 
Permanent residents (%)  0 0 0 19 19 6 13 6 25 13 
Summer residents (%) 8 4 4 8 4 8 8 12 19 27 
Men (%) 0 5 0 5 14 5 5 14 19 33 
Women (%) 10 0 5 19 5 10 14 5 24 10 

 
 Points Maximum points Percent of maximum
Total residents  296 420 70.5 
Permanent residents  111 160 69.4 
Summer residents  185 260 71.2 
Men 164 210 78.1 
Women 132 210 62.9 
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Question 11 
Do you think that the water has a neutral and fresh smell? 
 

 - 
No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree  
completely 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  1 1 1 8 2 3 6 5 7 8 
Permanent residents 0 0 0 4 1 1 3 3 2 2 
Summer residents  1 1 1 4 1 2 3 2 5 6 
Men 0 0 0 1 2 1 5 1 5 6 
Women 1 1 1 7 0 2 1 4 2 2 

 
 - 

No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree  
completely 

Total residents (%) 2 2 2 19 5 7 14 12 17 19 
Permanent residents (%)  0 0 0 25 6 6 19 19 13 13 
Summer residents (%) 4 4 4 15 4 8 12 8 19 23 
Men (%) 0 0 0 5 10 5 24 5 24 29 
Women (%) 5 5 5 33 0 10 5 19 10 10 

 
 Points Maximum points Percent of maximum
Total residents  291 420 69.3 
Permanent residents  110 160 68.8 
Summer residents  181 260 69.6 
Men 168 210 80.0 
Women 123 210 58.6 
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Question 12  
Do you think that the water is clear and pure? 
 
   - 

No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree  
completely 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  2 0 1 9 1 4 4 1 11 9 
Permanent residents 1 0 1 3 0 2 2 0 4 3 
Summer residents  1 0 0 6 1 2 2 1 7 6 
Men 1 0 1 1 1 1 2 1 7 6 
Women 1 0 0 8 0 3 2 0 4 3 

 
 - 

No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree  
completely 

Total residents (%) 5 0 2 21 2 10 10 2 26 21 
Permanent residents (%)  6 0 6 19 0 13 13 0 25 19 
Summer residents (%)  4 0 0 23 4 8 8 4 27 23 
Men (%) 5 0 5 5 5 5 10 5 33 29 
Women (%) 5 0 0 38 0 14 10 0 19 14 

 
 Points Maximum points Percent of maximum
Total residents  295 420 70.2 
Permanent residents  108 160 67.5 
Summer residents  187 260 71.9 
Men 164 210 78.1 
Women 131 210 62.4 
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Question 13 
Do you think that the water is cold enough all year-round? 
 

 - 
No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree  
completely 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 2 3 7 3 3 3 3 11 7 
Permanent residents 0 2 1 1 2 1 1 1 4 3 
Summer residents  0 0 2 6 1 2 2 2 7 4 
Men 0 1 2 2 2 1 1 2 5 5 
Women 0 1 1 5 1 2 2 1 6 2 

 
 - 

No, do not  
agree at all No, agree partly Either yes or no Yes, agree partly 

+ 
Yes, agree  
completely 

Total residents (%) 0 5 7 17 7 7 7 7 26 17 
Permanent residents (%)  0 13 6 6 13 6 6 6 25 19 
Summer residents (%) 0 0 8 23 4 8 8 8 27 15 
Men (%) 0 5 10 10 10 5 5 10 24 24 
Women (%) 0 5 5 24 5 10 10 5 29 10 

 
 Points Maximum points Percent of maximum
Total residents  288 420 68.6 
Permanent residents  108 160 67.5 
Summer residents  180 260 69.2 
Men 150 210 71.4 
Women 138 210 65.7 

 
 
 

0

5

10

15

20

25

30

1 2 No, do not agree at all 

3 4 No, agree partly

5 6 Either  yes or no 

7 8 Yes, agree partly

9 10 Yes, agree completely

Pe
rc

en
t (

%
)

Total residents 

Permanent
residents  
Summer
residents 
Men

Women

 



76 

Question 14 
Are you concerned from a health point of view over your drinking water? 
 

 - 
Very large  
concern  

Large  
concern 

Either large or small 
concern  

Small  
concern  

+ 
No  

concern 
Points 1 2 3 4 5 6 7 8 9 10 
Total residents  1 0 0 3 3 2 11 4 6 12 
Permanent residents 0 0 0 1 1 1 4 1 2 6 
Summer residents  1 0 0 2 2 1 7 3 4 6 
Men 1 0 0 0 2 1 4 3 4 6 
Women 0 0 0 3 1 1 7 1 2 6 

 
 - 

Very large  
concern  

Large  
concern 

Either large or small 
concern  

Small  
concern  

+ 
No  

concern  
Total residents  2 0 0 7 7 5 26 10 14 29 
Permanent residents 0 0 0 6 6 6 25 6 13 38 
Summer residents  4 0 0 8 7 4 27 12 15 23 
Men 5 0 0 0 10 5 19 14 19 29 
Women 0 0 0 14 5 5 33 5 10 29 

 
 Points Maximum points Percent of maximum
Total residents  323 420 76.9 
Permanent residents  129 160 80.6 
Summer residents  194 260 74.6 
Men 165 210 78.6 
Women 158 210 75.2 

 
 
 

0
5

10
15
20
25
30
35
40

1 Very large concern

2 3 Large concern

4 5 Neither large or small concern 

6 7 Small concern

8  9 No concern 

10

Pe
rc

en
t (

%
)

Total residents 

Permanent
residents  
Summer
residents 
Men

Women

 



77 

Question 15 
Sustainable development is a development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs. How good is your 
knowledge about sustainable development? 
 

 - 
Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Points 1 2 3 4 5 6 7 8 9 10 
Total residents  2 3 2 5 10 7 6 2 1 4 
Permanent residents  2 1 0 2 1 5 2 1 1 1 
Summer residents  0 2 2 3 9 2 4 1 0 3 
Men 0 1 0 2 6 4 4 1 1 2 
Women 2 2 2 3 4 3 2 1 0 2 

 
 - 

Very  
bad Bad  

Either  
good  

or  
bad Good 

+ 
Very  
Good 

Total residents (%) 5 7 5 12 24 17 14 5 2 10 
Permanent residents (%)  13 6 0 13 6 31 13 6 6 6 
Summer residents (%) 0 8 8 12 35 8 15 4 0 12 
Men (%) 0 5 0 10 29 19 19 5 5 10 
Women (%) 10 10 10 14 19 14 10 5 0 10 

 
 Points Maximum points Percent of maximum
Total residents  233 420 55.5 
Permanent residents  88 160 55.0 
Summer residents  145 260 55.8 
Men 129 210 61.4 
Women 104 210 49.5 
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Question 16 
How sustainable is your personal lifestyle? 
 

 - 
Not at all  

sustainable Not sustainable 
Either sustainable or 

not sustainable Sustainable 

+ 
Very  

sustainable 
Points 1 2 3 4 5 6 7 8 9 10 
Total residents  0 0 0 1 5 8 13 8 4 3 
Permanent residents 0 0 0 0 2 1 6 4 1 2 
Summer residents  0 0 0 1 3 7 7 4 3 1 
Men 0 0 0 1 2 5 6 5 2 0 
Women 0 0 0 0 3 3 7 3 2 3 

 
 - 

Not at all 
sustainable Not sustainable 

Either sustainable or 
not sustainable Sustainable 

+ 
Very  

sustainable 
Total residents (%) 0 0 0 2 12 19 31 19 10 7 
Permanent residents (%) 0 0 0 0 13 6 38 25 6 13 
Summer residents (%) 0 0 0 4 12 27 27 15 12 4 
Men (%) 0 0 0 5 10 24 29 24 10 0 
Women (%) 0 0 0 0 14 14 33 14 10 14 

 
 Points Maximum points Percent of maximum
Total residents  298 420 71.0 
Permanent residents  119 160 74.4 
Summer residents  179 260 68.8 
Men 144 210 68.6 
Women 154 210 73.3 
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Question 17 
Is it easy to get information about the water plant? 
 

 Yes No  

I do not 
know/No 
opinion 

Total residents  12 4 26 
Permanent residents   6 2 8 
Summer residents  6 2 18 
Men 6 3 12 
Women 6 1 14 

 

 Yes No  

I do not 
know/No 
opinion 

Total residents (%) 29 10 62 
Permanent residents (%)  38 13 50 
Summer residents (%) 23 8 69 
Men (%) 29 14 57 
Women (%) 29 5 67 
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Total compilation of points (Questions 1-6, 8-14, question 7, 15-17 are not 
included*) 
 Points Maximum points Percent of maximum 
Total residents  3814 5460 69.85347985 
Permanent residents  1415 2080 68.02884615 
Summer residents  2399 3380 70.97633136 
Men 2110 2730 77.28937729 
Women 1704 2730 62.41758242 

* Question 7, about the water price in relation to the quality, are not included due to uncertainties with accurate data. Even with lack of information 
about the water price almost all answered the question. Price of water is also included in the rent for most people. Questions 15 to 17 do not involve 
plant activity.  
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Appendix 5 – Water production (2004-2006) 
Water production 2004 
  Date  
(month/day/year) 

Water meter 
reading  

(m3) 

Date  
(month/day/year) 

Water meter 
reading  

(m3) 

Date  
(month/day/year) 

Water meter 
reading  

(m3) 
01/12/2004 172758 06/16/2004 178291 10/21/2004 189544 
01/15/2004 172802 06/17/2004 178372 10/25/2004 189708 
01/16/2004 172813 06/18/2004 178446 10/26/2004 189739 
01/19/2004 172860 06/21/2004 178699 10/27/2004 189762 
01/20/2004 172872 06/23/2004 178870 10/28/2004 189793 
01/22/2004 172901 06/24/2004 178971 10/29/2004 189817 
01/26/2004 172957 06/28/2004 179424 11/01/2004 189912 
01/27/2004 172969 06/29/2004 179529 11/02/2004 189963 
01/29/2004 173000 07/01/2004 179696 11/03/2004 189984 
01/30/2004 173016 07/05/2004 180134 11/04/2004 190014 
02/03/2004 173071 07/07/2004 180399 11/05/2004 190036 
02/04/2004 173096 07/09/2004 180627 11/09/2004 190161 
02/06/2004 173127 07/12/2004 180994 11/10/2004 190182 
02/09/2004 173175 07/13/2004 181123 11/11/2004 190205 
02/11/2004 173208 07/16/2004 181583 11/12/2004 190232 
02/12/2004 173223 07/19/2004 182024 11/15/2004 190329 
02/13/2004 173242 07/21/2004 182313 11/17/2004 190379 
02/16/2004 173288 07/23/2004 182599 11/18/2004 190408 
02/17/2004 173307 07/26/2004 183105 11/19/2004 190436 
02/20/2004 173367 07/27/2004 183199 11/23/2004 190553 
02/23/2004 173411 07/28/2004 183392 11/25/2004 190610 
02/24/2004 173451 07/29/2004 183500 11/26/2004 190639 
02/26/2004 173470 07/30/2004 183643 11/29/2004 190804 
02/27/2004 173489 08/02/2004 184082 11/30/2004 190837 
03/01/2004 173550 08/03/2004 184228 12/06/2004 191094 
03/02/2004 173571 08/04/2004 184361 12/14/2004 190434 
03/04/2004 173625 08/05/2004 184490 12/15/2004 191469 
03/08/2004 173738 08/09/2004 185051 12/16/2004 191527 
03/09/2004 173763 08/10/2004 185162 12/17/2004 191555 
03/10/2004 173797 08/12/2004 185385 12/20/2004 191715 
03/11/2004 173813 08/13/2004 185495 12/21/2004 191744 
03/16/2004 173924 08/16/2004 185840 12/27/2004 191842 
03/17/2004 173941 08/17/2004 185910 12/28/2004 191858 
03/19/2004 173976 08/18/2004 185968 
03/22/2004 174052 08/19/20041 186070 
03/24/2004 174101 08/20/20042 186143 
03/25/2004 174119 08/22/20043 186311 
03/26/2004 174142 08/24/2004 186488 
03/30/2004 174225 08/25/2004 186547 
03/31/2004 174265 08/26/2004 186604 
04/05/2004 174406 08/27/2004 186689 
04/07/2004 174463 08/30/2004 186999 
04/08/2004 174490 09/01/2004 187164 
04/13/2004 174644 09/03/2004 187301 
04/15/2004 174717 09/06/2004 187552 
04/20/2004 174897 09/07/2004 187596 
04/21/2004 174928 09/13/2004 187982 
04/22/2004 174968 09/14/2004 188030 
04/26/2004 175139 09/15/2004 188038 
04/28/2004 175240 09/16/2004 188133 
05/05/2004 175562 09/17/2004 188179 
05/06/2004 175608 09/20/2004 188363 
05/07/2004 175649 09/21/2004 188392 
05/12/2004 175945 09/22/2004 188434 
05/13/2004 175973 09/23/2004 188464 
05/14/2004 176046 09/24/2004 188504 
05/17/2004 176247 09/27/2004 188666 
05/18/2004 176303 10/04/2004 188972 
05/26/2004 176726 10/05/2004 189007 
06/04/2004 177450 10/06/2004 189060 
06/07/2004 177668 10/07/2004 189106 
06/09/2004 177797 10/08/2004 189178 
06/10/2004 177861 10/13/20044 189328 
06/14/2004 178148 10/14/2004 189351 
06/15/2004 178202 10/19/2004 189496 

1 Wash of RO module 2 
2  Changing of cartridge   
 filter bags 
3  Alarm – low pressure seawater pump, low 

reject flow 
4 Wash of RO module 1 
 
Calculated water production 2004 (m3)* 
January 444  
February 505  
March  715 
April  1088 
May  1718 
June  2495 
July 4079 
August  3230 
September  1669 
October 1048 
November  925 
December  1077            
Total: 19362 m3 
 
* Same calculation as for 2006 
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Water production 2005 
Date  

(month/day/year) 
Water meter 

reading  
(m3) 

Date  
(month/day/year) 

Water meter 
reading  

(m3) 

Date  
(month/day/year) 

Water meter 
reading  

(m3)  
01/03/2005 191947 06/08/2005 196819 10/19/2005 208755 
01/04/2005 191967 06/15/2005 196254 10/21/2005 208825 
01/07/2005 192010 06/21/20053 197750 10/24/2005 208951 
01/10/2005 192053 06/23/2005 197913 10/25/2005 208995 
01/11/2005 192072 06/28/2005 198538 10/26/2005 209041 
01/12/2005 192088 06/30/2005 198703 10/27/2005 209083 
01/13/2005 192105 07/03/2005 199097 10/28/2005 209132 
01/14/2005 192121 07/07/2005 199538 10/31/2005 209282 
01/18/2005 192179 07/08/2005 199661 11/01/2005 209315 
01/19/2005 192195 07/10/2005 199973 11/02/2005 209347 
01/20/2005 192212 07/11/2005 200104 11/03/2005 209375 
01/21/2005 192231 07/12/2005 200263 11/07/2005 209515 
01/24/2005 192276 07/13/2005 200406 11/08/2005 209547 
01/25/2005 192295 07/14/2005 200548 11/10/2005 209611 
01/26/2005 192312 07/15/2005 200723 11/11/2005 209652 
01/31/2005 192393 07/18/2005 201171 11/14/2005 209763 
02/03/2005 192443 07/19/2005 201284 11/15/2005 209786 
02/04/2005 192458 07/21/2005 201546 11/18/2005 209894 
02/14/2005 192620 07/22/2005 201673 11/21/2005 210002 
02/17/2005 192668 07/25/2005 202129 11/22/2005 210056 
02/21/2005 192739 07/26/2005 202229 11/23/2005 210095 
02/22/2005 192756 07/27/2005 202337 11/24/2005 210145 
02/23/2005 192775 07/28/2005 202490 11/26/20055 210250 
03/01/2005 192884 07/29/2005 202652 11/28/2005 210369 
03/02/2005 192909 08/01/2005 203027 11/30/2005 210450 
03/03/2005 192936 08/02/2005 203168 12/02/2005 210521 
03/04/2005 192962 08/03/2005 203286 12/06/2005 210751 
03/07/2005 193056 08/05/2005 203588 12/9/2005 210918 
03/08/2005 193078 08/08/2005 203975 12/12/2005 211140 
03/09/2005 193096 08/09/2005 204061 12/15/2005 211283 
03/11/2005 193150 08/10/2005 204156 12/16/2005 211333 
03/14/2005 193242 08/11/2005 204266 12/19/2005 211526 
03/15/2005 193274 08/12/2005 204346 12/20/2005 211572 
03/18/2005 193369 08/15/2005 204668 12/21/2005 211600 
03/21/2005 193475 08/16/2005 204744 12/25/2005 211760 
03/22/2005 193498 08/17/2005 204822 12/27/2005 211861 
03/23/2005 193525 08/18/2005 204915 12/30/2005 211995 
03/24/2005 193580 08/19/2005 205039 
03/29/2005 193701 08/22/2005 205431 
03/30/2005 193722 08/23/2005 205485 
03/31/2005 193745 08/25/2005 205649 
04/01/2005 193768 08/26/2005 205741 
04/05/2005 193848 08/29/2005 205950 
04/06/2005 193868 09/01/2005 206146 
04/07/2005 193895 09/06/2005 206494 
04/08/2005 193916 09/07/2005 206562 
04/12/2005 194008 09/09/2005 206688 
04/13/2005 194031 09/12/2005 206940 
04/15/2005 194085 09/14/2005 207030 
04/19/2005 194227 09/20/2005 207343 
04/20/2005 194274 09/21/2005 207440 
04/24/2005 194325 09/22/2005 207461 
04/26/20051 194554 09/23/2005 207518 
04/27/2005 194594 09/24/20054 -  
04/28/2005 194632 09/25/20054 - 
05/02/2005 194843 09/26/2005 207727 
05/03/2005 194881 09/27/2005 207771 
05/11/2005 195308 09/28/2005 207802 
05/12/2005 195333 09/29/2005 207860 
05/17/2005 195578 10/03/2005 208045 
05/20/20052 195743 10/04/2005 208071 
05/23/2005 195910 10/05/2005 208117 
05/24/2005 195941 10/06/2005 208166 
05/27/2005 196105 10/07/2005 208211 
06/01/2005 196402 10/12/2005 208441 
06/02/2005 196471 10/13/2005 208490 
06/03/2005 196518 10/17/2005 208674 

 

1 Change of seawater pump 
2  Wash of RO module 2   
3  Service of water plant 
4 Alarm 
5 Alarm, no water  
 
Calculated water production 2005(m3)* 
January 477 
February 443 
March  861 
April  926 
May  1505 
June  2301 
July 4082 
August  3125 
September  1773 
October 1322 
November  1135 
December  1576        
Total: 20130 m3 

 
* Same calculation as for 2006 
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Water production 2006 
Date  

(month/day/year) 
Water meter 

reading  
(m3) 

Date  
(month/day/year) 

Water meter 
reading  

(m3) 

Date  
(month/day/year) 

Water meter 
reading  

(m3) 
01/02/2006 212134 03/07/2006 213665 06/20/2006 219520 
01/03/2006 212176 03/08/2006 213690 06/22/2006 219674 
01/09/2006 212326 03/09/2006 213718 06/26/2006 220235 
01/10/2006 212348 03/14/2006 213875 06/27/2006 220345 
01/11/2006 212366 03/15/2006 213933 06/28/2006 220475 
01/13/2006 212413 03/16/2006 213966 06/29/2006 220547 
01/16/2006 212473 03/20/2006 214079 06/30/2006 220670 
01/17/2006 212492 03/23/2006 214159 07/03/2006 221130 
01/18/2006 212513 03/27/2006 214278 07/04/2006 221247 
01/23/2006 212637 03/28/2006 214322 07/05/20062 - 
01/24/2006 212672 03/29/2006 214346 07/06/2006 221611 
01/25/2006 212705 04/03/2006 214496 07/07/2006 221708 
01/26/2006 212729 04/05/2006 214516 07/10/2006 222236 
01/27/2006 212742 04/07/2006 214642 07/11/2006 222338 
01/30/2006 212803 04/12/2006 214881 07/12/2006 222558 
01/31/2006 212826 04/13/2006 214914 07/13/2006 222707 
02/01/2006 212842 04/28/2006 215647 07/14/2006 222870 
2/03/2006 212887 05/02/2006 215936 07/17/2006 223466 
02/06/2006 212948 05/03/2006 215972 07/19/2006 223860 
02/07/2006 212975 05/04/2006 216035 07/20/2006 222011 
02/08/2006 213005 05/05/2006 216082 07/21/2006 224179 
02/14/2006 213150 05/08/2006 216289 07/24/2006 224737 
02/15/2006 213176 05/09/2006 216353 07/25/2006 224920 
02/16/2006 213191 05/18/20061 - 07/28/2006 225411 
02/17/2006 213214 05/24/2006 217339 07/31/2006 225939 
02/20/2006 213290 06/13/2006 218908 08/01/2006 226076 
02/28/2006 213499 06/15/2006 219058 08/02/2006 226267 
03/03/2006 213565 06/19/2006 219451 08/07/2006 227034 

 
  1 Service of water plant 
2   Chemical & microbial samples for mass 

balances 
 
Calculated water production 2006(m3)* 
January 715 
February 657 
March  897 
April  1328 
May  1812 
June  2937 
July 5141 
August  - 
September  - 
October - 
November  - 
December  -        
Total: - 

Monthly water production 2006

0

1000

2000

3000

4000

5000

6000

January Februari March April May June July

W
at

er
 p

ro
du

ct
io

n 
(m

3 )

( ),    production water Calculated * 2
1

FLN
N

FL
−+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅

−
= , Where  L = Last water reading of the month (m3) 

 F= First water reading of the month (m3)
 N1 = number of days between L and F          
 N2 = Days in month – N1 
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Table 1: Monthly water production between the year of 2004 and 2006 
Month  The year 2004 The year 2005 The year 2006 
January 444 477 715 
February  505 443 657 
March  715 861 897 
April 1088 926 1328 
May  1718 1505 1812 
June 2495 2301 2937 
July 4079 4082 5141 
August  3230 3125 - 
September 1669 1773 - 
October 1048 1322 - 
November 925 1135 - 
December 1077 1576 - 
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Appendix 6 – Chemical and microbial analysis of process water     
(mass balance) 
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Appendix 7 – Chemical and microbial analysis of process water     
(Historical and enhanced) 

Kvarnbrunnen, Alcontrol AB (2003 Analysen AB), reports issued by an accredited laboratory
Substance/Charateristics Unit of  Kvarnbrunnen Limits Limits

measurment 2001 2002 2003 2004 2005 outgoing water Consumer
Chemical analysis
Turbidity FNU ― ― 0.28-0.34 ― 0.18 0.5 ―
Odour None ― ― none ― weak ― weak 
Odour, kind of ― ― ― ― ― metalic ― ―
Colour at 405 nm mg/l Pt ― ― < 5-20 ― 15 15 ―
Conductivity  25°C mS/m ― ― 53-59 ― 53.1 ― 250
pH 25°C ― ― ― 6.9-7.4 ― 7.8 ― 7.5-9.0
Alkalinity HCO3 mg/l ― ― 81-260 ― 280 60 2) ―
Chemical oxygen demand CODMn mg/l ― ― < 1-5.1 ― 6.3 ― 4
Ammoniumnitrogen NH4-N mg/l ― ― < 0.01-0.03 ― 0.010 ― ―
Ammonium NH4 mg/l ― ― ― ― < 0.02 ― 0.50
Nitrate nitrogen NO3-N mg/l ― ― < 0.1-< 0.2 ― < 0.1 ― ―
Nitrate NO3 mg/l ― ― ― ― < 0.5 ― ―
Nitrite nitrogen NO2-N mg/l ― ― < 0.002 ― < 0.001 ― ―
Nitrite NO2 mg/l ― ― ― ― < 0.003 0.10 ―
Phosphate-phosphorus PO4-P mg/l ― ― < 0.005-0.021 ― ― ― ―
Fluoride F mg/l ― ― < 0.2-0.16 ― < 0.1 ― 1.5
Chloride Cl mg/l ― ― 20-130 ― 17 ― 100
Sulphate SO4 mg/l ― ― < 0.1-28 ― 16 ― 100
Aluminium Al mg/l ― ― < 0.01 ― < 0.02 0.10 ―
Iron Fe mg/l ― ― < 0.02 ― < 0.05 0.10 ―
Calcium Ca mg/l ― ― 14-87 ― 89 ― 100
Potassium K mg/l ― ― 2.8-5.0 ― 3 ― ―
Copper Cu mg/l ― ― < 0.02-0.025 ― 0.01 ― 0.20
Magnesium Mg mg/l ― ― 2.6-5.7 ― 5.7 ― 30
Manganese Mn mg/l ― ― 0.019-0.051 ― 0.02 0.05 ―
Sodium Na mg/l ― ― 19-96 ― 16 ― 100
Zink Zn mg/l ― ― ― ― ― ― ―
Total Hardness °dH ― ― ― 2.6-13.5 ― 14 ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml ― ― < 0.1-50 ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml ― ― 480 ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― ― ― ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― ― ― ― 10
Coliform bacteria 35°C cfu/100ml ― ― < 0.1-4 ― ― Detected ―
Escherichia Coli 44°C cfu/100ml ― ― < 0.1 ― ― Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― ― ― Detected 

Report nr: 2) recommeded
LIV011975-03 (031001), LIV014170-03 (031202)
05199984 (2005-10-18)  
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Nyköpingsgruvan and Silvergruvan, Alcontrol AB (2003 Analysen AB), reports issued by an accredited laboratory
Substance/Charateristics Unit of  Nyköpingsgruvan (A) and Silvergruvan (B) Limits Limits

measurment 2001-2004 (A+B) 2005 (A) 2005 (B) outgoing water Consumer
Chemical analysis
Turbidity FNU ― 0.34 4.2 0.5 ―
Odour None ― None weak ― weak 
Odour, kind of ― ― ― Indefinite ― ―
Colour at 405 nm mg/l Pt ― 10 35 15 ―
Conductivity  25°C mS/m ― 37.5 33.9 ― 250
pH 25°C ― ― 7.8 7.1 ― 7.5-9.0
Alkalinity HCO3 mg/l ― 190 140 60 2) ―
Chemical oxygen demand CODMn mg/l ― 4.5 5.7 ― 4
Ammoniumnitrogen NH4-N mg/l ― < 0.010 0.026 ― ―
Ammonium NH4 mg/l ― < 0.02 0.03 ― 0.50
Nitrate nitrogen NO3-N mg/l ― < 0.1 < 0.1 ― ―
Nitrate NO3 mg/l ― < 0.5 < 0.5 ― ―
Nitrite nitrogen NO2-N mg/l ― 0.001 < 0.001 ― ―
Nitrite NO2 mg/l ― 0.003 < 0.003 0.10 ―
Phosphate-phosphorus PO4-P mg/l ― ― ― ― ―
Fluoride F mg/l ― < 0.1 0.20 ― 1.5
Chloride Cl mg/l ― 12 14 ― 100
Sulphate SO4 mg/l ― 14 24 ― 100
Aluminium Al mg/l ― < 0.02 < 0.02 0.10 ―
Iron Fe mg/l ― < 0.05 0.87 0.10 ―
Calcium Ca mg/l ― 51 33 ― 100
Potassium K mg/l ― 5 3 ― ―
Copper Cu mg/l ― 1.3 0.03 ― 0.20
Magnesium Mg mg/l ― 5.2 9.1 ― 30
Manganese Mn mg/l ― < 0.02 0.71 0.05 ―
Sodium Na mg/l ― 14 21 ― 100
Zink Zn mg/l ― ― ― ― ―
Total Hardness °dH ― ― 8.3 6.7 ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml ― ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml ― ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― ― 10
Coliform bacteria 35°C cfu/100ml ― ― ― Detected ―
Escherichia Coli 44°C cfu/100ml ― ― ― Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― Detected 

Report nr: 2) recommeded
(A): 05199982 (2005-10-18)
(B): 05199983 (2005-10-18)  
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Outgoing water from plant, Alcontrol AB (2003 Analysen AB), reports issued by an accredited laboratory
Substance/Charateristics Unit of  Outgoing water from plant Limits Limits

measurment 2001 2002 2003 2004 2005 outgoing water Consumer
Chemical analysis
Turbidity FNU 0.55 0.51-2.1 ― ― ― 0.5 ―
Odour None None None-weak ― ― ― ― weak 
Odour, kind of ― ― None-hydrogen sulfide ― ― ― ― ―
Colour at 405 nm mg/l Pt 5 < 5 ― ― ― 15 ―
Conductivity  25°C mS/m 24.3 18.7-32.7 ― ― ― ― 250
pH 25°C ― 6.6 6.6-9.3 ― ― ― ― 7.5-9.0
Alkalinity HCO3 mg/l 75 49-54 ― ― ― 60 2) ―
Chemical oxygen demand CODMn mg/l < 1.0 < 1.0 ― ― ― ― 4
Ammoniumnitrogen NH4-N mg/l 0.01 < 0.01-0.01 ― ― ― ― ―
Ammonium NH4 mg/l ― ― ― ― ― ― 0.50
Nitrate nitrogen NO3-N mg/l < 0.1 < 0.1-0.1 ― ― ― ― ―
Nitrate NO3 mg/l ― ― ― ― ― ― ―
Nitrite nitrogen NO2-N mg/l < 0.001 < 0.001-0.001 ― ― ― ― ―
Nitrite NO2 mg/l ― ― ― ― ― 0.10 ―
Phosphate-phosphorus PO4-P mg/l < 0.01 < 0.01 ― ― ― ― ―
Fluoride F mg/l < 0.1 < 0.1 ― ― ― ― 1.5
Chloride Cl mg/l 36 29-70 ― ― ― ― 100
Sulphate SO4 mg/l < 2.0 < 2.0 ― ― ― ― 100
Aluminium Al mg/l < 0.02 < 0.02-0.03 ― ― ― 0.10 ―
Iron Fe mg/l < 0.05 < 0.05-0.06 ― ― ― 0.10 ―
Calcium Ca mg/l 10 7.5-8.0 ― ― ― ― 100
Potassium K mg/l < 2 < 2-2 ― ― ― ― ―
Copper Cu mg/l < 0.01 < 0.01 ― ― ― ― 0.20
Magnesium Mg mg/l 5.0 2.8-4.3 ― ― ― ― 30
Manganese Mn mg/l < 0.02 < 0.02 ― ― ― 0.05 ―
Sodium Na mg/l 31 23-54 ― ― ― ― 100
Zink Zn mg/l 0.07 0.04-0.08 ― ― ― ― ―
Total Hardness °dH ― 2.5 1.8-2.1 ― ― ― ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml ― < 1 ― ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml ― 190 ― ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― ― ― ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― ― ― ― 10
Coliform bacteria 35°C cfu/100ml ― < 1 ― ― ― Detected ―
Escherichia Coli 44°C cfu/100ml ― < 1 ― ― ― Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― ― ― Detected 

Report nr: 2) recommeded
1030686 (2001-12-18)
02002166 (2002-01-25), 02002678 (2002-02-01), 02066493 (2002-05-16), 02065002 (2002-05-16)  
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RO1, Alcontrol AB (2003 Analysen AB), reports issued by an accredited laboratory
Substance/Charateristics Unit of  RO1 Limits Limits

measurment 2001 2002 2003 2004 2005 Outgoing water Consumer
Chemical analysis
Turbidity FNU ― 2.6 0.18-0.26 ― ― 0.5 ―
Odour None ― None none ― ― ― weak 
Odour, kind of ― ― ― ― ― ― ― ―
Colour at 405 nm mg/l Pt ― < 5 < 5 ― ― 15 ―
Conductivity  25°C mS/m ― 28.2 18-35 ― ― ― 250
pH 25°C ― ― 9.5 5.9-6.4 ― ― ― 7.5-9.0
Alkalinity HCO3 mg/l ― 51 2―6 ― ― 60 2) ―
Chemical oxygen demand CODMn mg/l ― < 1.0 < 1 ― ― ― 4
Ammoniumnitrogen NH4-N mg/l ― 0.01 < 0.01-0.02 ― ― ― ―
Ammonium NH4 mg/l ― ― ― ― ― ― 0.50
Nitrate nitrogen NO3-N mg/l ― < 0.1 < 0.1-< 0.2 ― ― ― ―
Nitrate NO3 mg/l ― ― ― ― ― ― ―
Nitrite nitrogen NO2-N mg/l ― 0.002 < 0.002 ― ― ― ―
Nitrite NO2 mg/l ― ― ― ― ― 0.10 ―
Phosphate-phosphorus PO4-P mg/l ― < 0.01 < 0.005 ― ― ― ―
Fluoride F mg/l ― < 0.1 < 0.1-< 0.2 ― ― ― 1.5
Chloride Cl mg/l ― 56 52-98 ― ― ― 100
Sulphate SO4 mg/l ― < 2.0 < 1.0-2.8 ― ― ― 100
Aluminium Al mg/l ― 0.03 < 0.01 ― ― 0.10 ―
Iron Fe mg/l ― 0.06 < 0.02 ― ― 0.10 ―
Calcium Ca mg/l ― 5.6 0.34-0.72 ― ― ― 100
Potassium K mg/l ― 2 1.1-3.2 ― ― ― ―
Copper Cu mg/l ― < 0.01 < 0.02 ― ― ― 0.20
Magnesium Mg mg/l ― 2.5 0.60-1.5 ― ― ― 30
Manganese Mn mg/l ― < 0.02 < 0.01 ― ― 0.05 ―
Sodium Na mg/l ― 49 29-60 ― ― ― 100
Zink Zn mg/l ― ― ― ― ― ― ―
Total Hardness °dH ― ― 1.4 0.2-0.4 ― ― ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml ― ― < 0.1 ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml ― ― 70 ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― ― ― ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― ― ― ― 10
Coliform bacteria 35°C cfu/100ml ― ― < 0.1 ― ― Detected ―
Escherichia Coli 44°C cfu/100ml ― ― < 0.1 ― ― Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― ― ― Detected 

Report nr: 2) recommeded
02066495 (2002-05-16)
LIVO11977-03 (031001)  
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RO2, Alcontrol AB (2003 Analysen AB)), reports issued by an accredited laboratory
Substance/Charateristics Unit of  RO2 Limits Limits

measurment 2001 2002 2003 2004 2005 outgoing water Consumer
Chemical analysis
Turbidity FNU ― 0.34-0-.40 0.33 ― ― 0.5 ―
Odour None ― None none ― ― ― weak 
Odour, kind of ― ― ― ― ― ― ― ―
Colour at 405 nm mg/l Pt ― < 5 < 5 ― ― 15 ―
Conductivity  25°C mS/m ― 18.5-22.5 13 ― ― ― 250
pH 25°C ― ― 9.5-9.6 6.1 ― ― ― 7.5-9.0
Alkalinity HCO3 mg/l ― 33-34 3 ― ― 60 2) ―
Chemical oxygen demand CODMn mg/l ― < 1.0 < 1 ― ― ― 4
Ammoniumnitrogen NH4-N mg/l ― < 0.01 < 0.01 ― ― ― ―
Ammonium NH4 mg/l ― ― ― ― ― ― 0.50
Nitrate nitrogen NO3-N mg/l ― < 0.1 < 0.1 ― ― ― ―
Nitrate NO3 mg/l ― ― ― ― ― ― ―
Nitrite nitrogen NO2-N mg/l ― 0.002 < 0.002 ― ― ― ―
Nitrite NO2 mg/l ― ― ― ― ― 0.10 ―
Phosphate-phosphorus PO4-P mg/l ― < 0.002-<0.01 < 0.005 ― ― ― ―
Fluoride F mg/l ― < 0.1 < 0.2 ― ― ― 1.5
Chloride Cl mg/l ― 34-46 31 ― ― ― 100
Sulphate SO4 mg/l ― 2.0 < 1.0 ― ― ― 100
Aluminium Al mg/l ― < 0.02 < 0.01 ― ― 0.10 ―
Iron Fe mg/l ― < 0.05 < 0.02 ― ― 0.10 ―
Calcium Ca mg/l ― 4.3 < 0.2 ― ― ― 100
Potassium K mg/l ― < 2 1.1 ― ― ― ―
Copper Cu mg/l ― < 0.01 < 0.02 ― ― ― 0.20
Magnesium Mg mg/l ― 1.8 < 0.5 ― ― ― 30
Manganese Mn mg/l ― < 0.02 < 0.01 ― ― 0.05 ―
Sodium Na mg/l ― 31-38 21 ― ― ― 100
Zink Zn mg/l ― ― ― ― ― ― ―
Total Hardness °dH ― ― 0.97-1.0 < 0.5 ― ― ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml ― < 1 < 0.1 ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml ― 30 1 ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― ― ― ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― ― ― ― 10
Coliform bacteria 35°C cfu/100ml ― < 1 < 0.1 ― ― Detected ―
Escherichia Coli 44°C cfu/100ml ― < 1 < 0.1 ― ― Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― ― ― Detected 

Report nr: 2) recommeded
02079655 (2002-06-11), 02080881 (2002-06-11), 02066496 (2002-05-16)
LIV014168-3 (2003-12-02)  
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Plant kitchen (should be similar as outgoing water and consumer ), Alcontrol AB (2003 Analysen AB), reports issued by an accredited laboratory
Substance/Charateristics Unit of  Plant kitchen Limits Limits

measurment 2001 2002 2003 2004 2005 outgoing water Consumer
Chemical analysis
Turbidity FNU 0.34 0.34-0-.40 ― 0.37 0.24-1.1 0.5 ―
Odour None None None ― None None ― weak 
Odour, kind of ― ― ― ― ― ― ― ―
Colour at 405 nm mg/l Pt 5 < 5 ― < 5 < 0.5-10 15 ―
Conductivity  25°C mS/m 24.5 18.5-22.5 ― 21.9 33.3-47.2 ― 250
pH 25°C ― 6.5 9.5-9.6 ― 9.0 7.3-9.0 ― 7.5-9.0
Alkalinity HCO3 mg/l 75 33-34 ― 34 44 60 2) ―
Chemical oxygen demand CODMn mg/l < 1.0 < 1.0 ― < 1.0 < 1.0 ― 4
Ammoniumnitrogen NH4-N mg/l < 0.01 < 0.01 ― < 0.01 < 0.010-0.022 ― ―
Ammonium NH4 mg/l ― ― ― < 0.02 < 0.02 ― 0.50
Nitrate nitrogen NO3-N mg/l < 0.1 < 0.1 ― < 0.1 0.1 ― ―
Nitrate NO3 mg/l ― ― ― < 0.5 < 0.5 ― ―
Nitrite nitrogen NO2-N mg/l < 0.001 0.002 ― < 0.001 < 0.001 ― ―
Nitrite NO2 mg/l ― ― ― < 0.005 < 0.003 0.10 ―
Phosphate-phosphorus PO4-P mg/l < 0.01 < 0.002-<0.01 ― < 0.002 ― ― ―
Fluoride F mg/l < 0.1 < 0.1 ― < 0.10 < 0.1 ― 1.5
Chloride Cl mg/l 36 34-46 ― 46 86 ― 100
Sulphate SO4 mg/l < 2.0 2.0 ― < 2.0 < 2.0 ― 100
Aluminium Al mg/l < 0.02 < 0.02 ― ― < 0.02 0.10 ―
Iron Fe mg/l < 0.05 < 0.05 ― < 0.05 < 0.05 0.10 ―
Calcium Ca mg/l 11 4.3 ― 5.5 7.8 ― 100
Potassium K mg/l < 2.0 < 2 ― < 2 2 ― ―
Copper Cu mg/l 0.01 < 0.01 ― < 0.01 < 0.01 ― 0.20
Magnesium Mg mg/l 5.1 1.8 ― 0.7 1.7 ― 30
Manganese Mn mg/l < 0.02 < 0.02 ― < 0.02 < 0.02 0.05 ―
Sodium Na mg/l 32 31-38 ― 37 60 ― 100
Zink Zn mg/l 0.07 ― ― ― ― ― ―
Total Hardness °dH ― 2.7 0.97-1.0 ― 0.92 1.5 ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml < 1 < 1 ― ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml < 10 30 ― ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― 40 50-420 ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― 32 < 1-130 ― 10
Coliform bacteria 35°C cfu/100ml < 1 < 1 ― < 1 < 1-5 Detected ―
Escherichia Coli 44°C cfu/100ml < 1 < 1 ― < 1 < 1 Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― < 1 ― Detected 

Report nr: 2) recommeded
01030687 (2001-12-18)

02177840 (2002-12-10), 02177842 (2002-12-10), 02079651 (2002-06-11), 02080882 (2002-06-11), 02158036 (2002-11-05)

04076606 (2004-05-18)

05110074 (050615), 05143125 (050803), 05143095 (050804), 05199662 (051018)  
 



101 

Consumer, Alcontrol AB (2003 Analysen AB), reports issued by an accredited laboratory
Substance/Charateristics Unit of  Consumer Limits Limits

measurment 2001 2002 2003 2004 2005 outgoing water Consumer
Chemical analysis
Turbidity FNU ― 0.33-1.1 0.24-0.47 0.51-0.82 ― 0.5 ―
Odour None ― None none None ― ― weak 
Odour, kind of ― ― ― ― ― ― ― ―
Colour at 405 nm mg/l Pt ― < 5 < 5 < 5 ― 15 ―
Conductivity  25°C mS/m ― 19.2-46.6 50-57 21.8-22.1 ― ― 250
pH 25°C ― ― 6.7-7.3 7.2-8.1 9.1-9.2 ― ― 7.5-9.0
Alkalinity HCO3 mg/l ― 53-54 60-130 32-34 ― 60 2) ―
Chemical oxygen demand CODMn mg/l ― < 1.0 < 1 < 1.0 ― ― 4
Ammoniumnitrogen NH4-N mg/l ― < 0.01-0.02 < 0.01-0.03 < 0.01-0.02 ― ― ―
Ammonium NH4 mg/l ― ― ― < 0.02-0.03 ― ― 0.50
Nitrate nitrogen NO3-N mg/l ― < 0.1 < 0.1-< 0.2 < 0.1-0.1 ― ― ―
Nitrate NO3 mg/l ― ― ― < 0.5 ― ― ―
Nitrite nitrogen NO2-N mg/l ― 0.001-0.003 < 0.002 < 0.001 ― ― ―
Nitrite NO2 mg/l ― ― ― < 0.005 ― 0.10 ―
Phosphate-phosphorus PO4-P mg/l ― < 0.01-0.003 0.005-0.009 < 0.002-0.004 ― ― ―
Fluoride F mg/l ― < 0.1-0.12 < 0.1-< 0.2 < 0.10-0.13 ― ― 1.5
Chloride Cl mg/l ― 29-110 100-130 46 ― ― 100
Sulphate SO4 mg/l ― < 2.0 < 1.0 < 2.0 ― ― 100
Aluminium Al mg/l ― < 0.02 < 0.01 ― ― 0.10 ―
Iron Fe mg/l ― < 0.05-0.10 < 0.02 < 0.05 ― 0.10 ―
Calcium Ca mg/l ― 2.3-8.2 8.0-55 5.8-5.9 ― ― 100
Potassium K mg/l ― < 2-4 2.0-3.0 < 2 ― ― ―
Copper Cu mg/l ― 0.02-0.05 0.023-0.098 < 0.01 ― ― 0.20
Magnesium Mg mg/l ― 2.5-4.5 1.0-3.3 0.7-0.8 ― ― 30
Manganese Mn mg/l ― < 0.02-0.08 < 0.01 < 0.02 ― 0.05 ―
Sodium Na mg/l ― 24-66 54-89 37-39 ― ― 100
Zink Zn mg/l ― 0.10 ― ― ― ― ―
Total Hardness °dH ― ― 2.2-3.3 1.4-8.5 0.98-0.99 ― ― 267
Microbiological analysis
Heterotrophic plate counts, 20°C 2 days cfu/ml ― ― < 0.1-50 ― ― ― ―
Heterotrophic plate counts, 20°C 7 days cfu/ml ― ― 100-330 ― ― ― ―
Number of  slow growing bacteria cfu/ml ― ― ― 6―70 ― ― 5000
Number of bacteria 22°C 3 days cfu/ml ― ― ― 1―53 ― ― 10
Coliform bacteria 35°C cfu/100ml ― ― < 0.1 < 1 ― Detected ―
Escherichia Coli 44°C cfu/100ml ― ― < 0.1 < 1 ― Detected ―
Clostridium perfringens cfu/100ml ― ― ― ― ― ― Detected 

Report nr: 2) recommeded
02100628 (2002-07-17), 02002167 (2002-01-25)

LIV011976-03 (031001), LIV014171-03 (031202)

O4076604 (2004-05-18), 04076608 (2004-05-18), O4076605 (2004-05-18), O4076582 (2004-05-18), O4076578 (2004-05-18), O4076584 (2004-05-18)
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Enhanced chemical and microbial analysis (July 26, 2006) 
Consumer (ICA food store) , Alcontrol AB, reports issued by an accredited laboratory (July 2006)
Report numers: 06167621, O6167651, O6167626, O6167711, Day of sampling: 2006-07-26

Substance/Charateristics Unit of  Consumer Typical source of contaminant and comments*
measurment 2006

Chemical analysis
Turbidity (turbiditet) FNU 0.88
Odour (lukt) None none
Odour, kind of (lukt, beskrivning) ― ―
Colour at 405 nm (färg vid 405 nm) Pt mg/l < 5
Conductivity  25°C (Konduktivitet) mS/m 46.7
pH 25°C ― 8.0
Alkalinity (Alkalinitet) HCO3 mg/l 120
Chemical oxygen demand (Kemsik syreförbrukning) CODMn mg/l 1.0
Ammoniumnitrogen (Ammoniumkväve) NH4-N mg/l < 0.01
Ammonium NH4 mg/l < 0.02
Nitrate nitrogen (nitratkväve) NO3-N mg/l < 0.1
Nitrate (nitrat) NO3 mg/l < 0.5
Nitrite nitrogen (nitritkväve) NO2-N mg/l < 0.001
Nitrite (nitrit) NO2 mg/l < 0.003
Fluoride (fluoride) F mg/l < 0.10
Chloride (klorid) Cl mg/l 76
Sulphate (Sulfat) SO4 mg/l 5.9
Boron (Bor) B mg/l 0.35
Aluminium Al mg/l ―
Iron (Järn) Fe mg/l < 0.05
Calcium (kalcium) Ca mg/l 41
Potassium (kalium) K mg/l 4
Copper (koppar) Cu mg/l 0.02 Corrosion of household plumbing systems

Magnesium Mg mg/l 4.6
Sodium (natrium) Na mg/l 56
Total Hardness (hårdhet tyska grader) °dH ― 6.8
Antimony (Antimon) Sb µg/l 0.3 Petroleum refineries, fire retardants, ceramics, electronics, solder

Arsenic (Arsenik) As µg/l 3.7 Erosion of natural deposits, runoff from orchards

Lead (Bly) Pb µg/l 0.5 Corrosion of household plumbing systems

Cadmium (Kadmium) Cd µg/l 0.31 Corrosion from galvanized pipes, erosion from natural deposits, discharge from metal reineries

Chromium, total (total krom) Cr µg/l 2.2 Discharge from steel and pulp mills. Erosion of natural deposits. 

Mercery (kvicksilver) Hg µg/l < 0.1 Runoff from cropland and landfills. Discharge from refineries and factories, Erosion from natural deposits

Nickel Ni µg/l < 0.1 Erosion from natural deposits.

Selenium (Selen) Se µg/l < 3 Discharge from petroleum and metal reineries and mines. Erosion from natural deposits.

Cyanide, total (total Cyanid) CN mg/l < 0.010 Discharge from steel/metal factories, plastic and fertilizer

Bromate (Bromat) µg/l < 1.1 disinfection byproduct of ozone or for example sodium hypochlorite  
Benzo(b)fluoranthene (Benso(b)fluoranten) EPA µg/l < 0.01
Benzo[ghi]perylene (Benso(ghi)perylen) EPA µg/l < 0.01
Benzo[k]fluoranthene (Benso(k)fluoranten) EPA µg/l < 0.01
Indeno(1,2,3-cd)pyrene (Ideno(1,2,3-cd)pyren) EPA µg/l < 0.01
Polynuclear aromatic hydrocarbons, sum of 4 (Polyaromatiska kolväten, 4st) PAHs µg/l < 0.01
Benso(a)pyrene, BaP (Benso(a)pyren) EPA µg/l < 0.005 Leaching from linings of water storage tanks and distubution lines. 

Dichlorobrommethane  (Diklorbrommetan) THM (1) µg/l < 5 By product of disinfectant addition. 

Chlorodibrommethane (klordibrommetan) THM (2) µg/l < 5 By product of disinfectant addition. 

2-bromopropane (Bromoform) THM (3) µg/l < 5 By product of disinfectant addition. 

Chloroform, Trichloromethane (kloroform) THM (4) µg/l < 5 By product of disinfectant addition. 

Trihalomethane, sum of (Summa Trihalometaner) THMs µg/l < 5 By-product of drinking water chlorination 

1,2-dichloroethane (1,2-dikloretan) C2H4Cl2 µg/l < 1.5
Benzene (Bensen) C6H6 µg/l < 0.5 Leaching from gas storage tanks and landfils 

Tetrachloroethylene (Tetrakloretylen) Cl2C=CCl2 µg/l < 3 Leacing from PVC pipes. Discharge from factories and dry cleaners. 

Trichloroethylene  (Trikloretylen) TCE µg/l < 3 Discharge from metal degreasing sites. 

Tri- and tetrachloroethene, sum (summa Tri- och kloreten) µg/l < 3
2,4,5-Trichlorophenoxyacetic acid (2,4,5-Triklorfenoxisyra) 2,4,5-T µg/l < 0.05 Pestiside, precusror to dioxine 

2,4-dichlorophenoxyacetic acid (2,4-Diklorfenoxisyra) 2,4-D µg/l < 0.05 Runoff of herbicide and crops. 

Aminomethylphosphonic acid (AMPA) APMA µg/l < 0.05 herbicide

Atrazine (Atrazin) µg/l < 0.05 Runoff of herbicide on crops.

2,6-Dichlorobenzamide (2,6-Diklorbensaamid) BAM µg/l < 0.05 herbicide metabolite

Bentazone (Bentazon) µg/l < 0.05
Bitertanol (Bitertanol) µg/l < 0.05 Fungicide

Cyanazine (Cyanazin) µg/l < 0.05 Herbicide

De-ethylatrazine (Desetylatrazin) DEA µg/l < 0.05 Metabolit from antazine 

Desisopropylatrazine (Desisopropylantazin) µg/l < 0.05 Metabolit from antazine 

Propanoic acid (diklorprop) µg/l < 0.05
Dimetoate (Dimetoat) µg/l < 0.05 Insecticide

Diuron (Diuron) µg/l < 0.05
Etofumesate (Etofumesat) µg/l < 0.05
Fenoxapro (Fenoxaprop) µg/l < 0.05 Herbicide

glyphosat (Glyfosat) µg/l < 0.05
Hexazion (Hexazinon) µg/l < 0.05
Iprodione (Iprodion) µg/l < 0.05
Isoproturon (Isoproturon) µg/l < 0.05
Chloridazon (Kloridazon) µg/l < 0.05
Chlorsulfuron (Klorsulfuron) µg/l < 0.05
Quinmerac (Kvinmerak) µg/l < 0.05
4-chloro-2-methylphenoxyacetic acid.(MCPA) MCPA µg/l < 0.05
2-(2-methyl-4-chlorophenoxy)propionic acids (mecoprop) MCPP µg/l < 0.05
Metamitron (Metamitron) META µg/l < 0.05
Metazachlor (Metazaklor) µg/l < 0.05
Metribuzin (Metribuzin) µg/l < 0.05 Residue of algcultral weed killers. 

Metsulfuron-methyl (Metsulfuronmetyl) µg/l < 0.05
Simazine (Simazin) µg/l < 0.05 Herbicide runoff

Terbuthylazine (Terbytylazin) µg/l < 0.05
Thifensulfuron-methyl (Thifensulfuronmetyl) µg/l < 0.05
Aldrin (Aldrin) µg/l < 0.015 Residue of banned insectice

Dieldrin (Dieldrin) µg/l < 0.015 Residue of banned insectice

Heptachlor (Heptaklor) µg/l < 0.015 Residue of banned insectice

Heptachlorepoxid (Heptaklorepoxid) µg/l < 0.015 Breakdown of Heptachlor  
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Microbiological analysis
Actinomyceter (Aktinomyceter) cfu/100ml
Number of  slow growing bacteria (antal långsamväxande bakt.) cfu/ml 240
Number of microorganisms 22°C(Ant. Mikroorganismer) 3 days cfu/ml 160
Escherichia Coli 44°C (E coli) cfu/100ml < 1
(Intestinela Enterokocker) cfu/100ml < 1
Yeast (Jäst) cfu/100ml < 10
Coliform bacteria 35°C (Koliforma bakterier) cfu/100ml 4
Micro fungie (Mikrosvamp) 25°C cfu/100ml < 10
Mold causing fungies (Mögelsvamp) cfu/100ml < 10
Clostridium perfringens cfu/100ml < 1  
 
Outgoing water (Water plant) , Alcontrol AB, reports issued by an accredited laboratory (July 2006)
Substance/Charateristics Unit of  Consumer 

measurment 2006

Microbiological analysis
Number of microorganisms 22°C(Ant. Mikroorganismer) 3 days cfu/ml 300
Escherichia Coli 44°C (E coli) cfu/100ml < 1
Coliform bacteria 35°C (Koliforma bakterier) cfu/100ml 5  
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Appendix 8 – Economical information for 2005 
Water production   Electricity consumption per m3 of water   
-2005.01.01 (m3) 191947  High charge (KWh) 41334
-2005.12.31 (m3) 211995  Low charge (KWh) 120166
Total water production  (m3)* 20130  Total consumption (KWh) 161500
  Electricity consumption (kWh/m3)  8.023
   
Operation costs for 2005  Fixed cost for 2005 (Case 1: 2%, 30 years) 
Maintenance and repair (kr) 105000  Capital investment cost for the plant (Kr) 2641000
Chemicals (kr)  58000  Estimated life span of the plant (years) 30
Labor (kr)  88400  Estimated real rate of interest (%) 2
Analysis (kr) 4230  Annuity factor, 30 years, 2 % 0.04465
Authorities (kr) 1750  Annual Annuity (Kr) 117920
Electricity (kr)  120650   
- Electricity  (Kr,öre) 54038.2279  Fixed cost for 2005 (Case 2: 5%, 20 years)
- Net (Kr,öre) 26565.0612  Capital investment cost for the plant (Kr) 2641000
- Energy tax (Kr, öre) 41021  Estimated life span of the plant (years) 20
- Certificate (Kr,öre) 4263,6  Estimated real rate of interest (%) 5
- Sales tax (Kr,öre), 25 % -5237.7038  Annuity factor, 20 years, 5 % 0.08024
Total operation costs (kr)   378030  Annual Annuity (Kr) 211921
   
Total costs for 2005  
Case 1: 2%, 30 years)  

Total costs for 2005  
Case 2: 5%, 20 years) 

Total Operation costs (Kr) 378030  Total Operation costs (Kr) 378030
Total fixed costs (Kr) 117920 Total fixed costs (Kr) 211921
Total costs for 1995 495950  Total costs for 1995 589951
- Water production (m3) 20130  - Water production (m3) 20130
Cost per m3 produced water (kr/m3) 24.64  Cost per m3 produced water (kr/m3) 29.31
Current Consumer price (kr/m3) 19.65  Current Consumer price (kr/m3) 19.65
Uncovered costs (kr/m3) 5.0  Uncovered costs (kr/m3) 9.7
   
  

Stockholm Vatten AB**   Overview 
Energy consumption (Kwh/m3) 0.360  Electricity consumption (kWh/m3)  8.023
Operation cost   Costs per cubic meter (kr/m3) 
- Electricity (%)  37   - Case 1: 2%, 30 years   24.64
- Chemicals (%)  10  - Case 2: 5%, 20 years 29.31
- Labor (%) 34 Current Consumer price (kr/m3) 19.65
- Remaining cost (%)***    19  Stockholm Vatten AB (Kwh/m3) 0.360
  Haninge municipality (kr/m3) 12.2
Haninge Municipality****    
 Sales price, (Kr) 12.2   
   
   
* See appendix 5 
** Stockholm Vatten AB (Tuesday, April 11, 2006), Jan Ekvall, Head of production and sales, – supplies Haninge municipality with 
drinking water  
*** Remaning costs includes maintenance and repair, material and entrepreneurs.     
**** Haninge municipality, www.haninge.se , (Thursday, August 10, 2006) 
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Calculations of effects in varying real rate of interest (%) and estimated life 
span for the plant 
 
Annuity factor 

Year 2 % 3 % 4 % 5 % 
20 0.061157 0.067216 0.073582 0.080243 
25 0.051220 0.057428 0.064012 0.070952 
30 0.044650 0.051019 0.057830 0.065051 

 
Calculated annuity for a capital investment of 2641000 kr   

Year 2 % 3 % 4 % 5 % 
20 161514.8926 177516.6838 194329.4026 211920.6728 
25 135273.1779 151667.0074 169055.5937 187385.4397 
30 117920.4448 134741.8639 152729.2918 171800.8400 

 
Calculated annuity per m3 produced water 2005 (20130 m3)  

Year 2 % 3 % 4 % 5 % 
20 8.023591285 8.818513848 9.653720945 10.52760421 
25 6.719979029 7.534376921 8.398191442 9.308765014 
30 5.857945592 6.693584891 7.587148128 8.534567315 
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Appendix 9 – Calculations for estimated water flows 
Fixed values, Manual water meter reading (m3) 

Date 
(month/day/year) 

Time * Iron filter * Humus 
filter 

* Softener 
filter 1 

* Softener 
filter 2 

RO 1 RO 2** Outgoing 
water*** 

Chlorine 
pump**** 

08/02/2006 14:30 00878 83931 46140 33171 16347 33645 226361 288336 
08/03/2006 10:15 00955 084004 46174 33197 16428 - 226421 288493 
08/03/2006 10:19 00956 084004 46175 33198 16428 - 226421 288494 
08/03/2006 10:31 00958 084006 46176 33198 16428 - 226423 288497 
08/03/2006 10:45 00961 084008 46177 33199 16429 - 226425 288500 
08/03/2006 11:00 00964 084011 46178 33200 16430 - 226428 288504 
08/03/2006 11:19 00967 084015 46179 33201 16431 - 226430 288508 
08/03/2006 11:31 00970 084017 46180 33202 16432 - 226433 288512 
08/03/2006 11:45 00970 084017 46180 33202 16433 - 226434 288513 
08/03/2006 12:00 00970 084017 46180 33202 16433 - 226435 288514 
08/03/2006 12:19 00970 084017 46180 33202 16435 - 226438 288515 
08/03/2006 12.25 00970 084017 46180 33202 16435 - 226438 288515 
08/03/2006 12:30 00970 084017 46180 33202 16435 - 226439 288516 
08/03/2006 12:35 00970 084017 46180 33202 16435 - 226439 288516 
08/03/2006 12:39 00970 084017 46180 33202 16436 - 226439 288516 
08/03/2006 12:44 00970 084017 46180 33202 16436 - 226440 288516 
08/03/2006 13:02 00970 084017 46180 33202 16437 - 226442 288517 
08/03/2006 13:07 00970 084017 46180 33202 16437 - 226442 288518 
08/03/2006 13:15 00970 084017 46180 33202 16438 - 226443 288518 
08/03/2006 13:33 00970 084017 46180 33202 16438 - 226445 288519 
08/03/2006 14:30 00980 084026 46184 33206 16442 - 226451 288531 
08/07/2006 10:30 01278 084302 46310 33301 16729 - 227006 289110 
08/07/2006 15:30 01288 084315 46316 33306 16745 - 227034 289140 

* = after  
** = not running 
*** = All outgoing water to consumer 
****=All water including rinse water 

Calculations 
Manual water readings from the above table were used to calculate a mean water flow in m3/h 
at all water analysis locations seen in appendix 6. Values between 8/03/2006 11:00 PM and 
8/03/2006 2:30 AM were used. No calculations for 24 hours because the flow is lower at 
night and gives rise to a mean value much lower than flows during the day. Before 10:00-
10:30 PM in the morning all filters starts back flushing and results in an increase of rinse 
water, affecting the flows. The time interval is also very close to when the water analysis for 
the mass balance was made.   
 
The time interval is 3.5 hours between 08/03/2006 11:00 PM and 08/03/2006 02:30 AM.  
 
A quota was calculated to adjust calculated flows from 08/03/2006 to 07/05/2006 for the 
outgoing water:  
 

=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅

/hm 16.57142857
48

m 221247-m 221611

 PM 00:11-AM 30:02 08/03/2006
242

 07/04/2006- 07/06/2006

3

33

hhdays
1.153985507 
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 RO 1 permeate/RO 1 reject/  

Before RO 1/Seawater feed/After sand filter  Sewage collection tank 

Permeate water (m3/3.5h)  12  Chlorine pump (m3/3,5h) 27 
Permeate water (m3/h)  3.428571429  Outgoing water (m3/3,5h) 23 
Permeate/reject distribution (m3/3.5h) 4.500/5.000  Rinse water to tank (m3/3,5h) 4 
Permeate water (%) 0.473684211  Rinse water to tank (m3/h) 1.142857143 
Reject (%) 0.526315789  (8) Sewage tank 1.142857143 
Total flow (m3/3.5h) 25.33333333   
Total flow (m3) 7.238095238  Softener filter 2*  
Reject flow (m3/3.5h) 13.33333333  75 % of the water flow (m3/3.5h) 3 
Reject flow (m3) 3.809523809  100 % of the water flow (m3/3.5h) 4 
(1) Sea water feed (m3/h) 7.238095238  75 % of the water flow (m3/h) 0.857142857 
(2) After sandfilter (m3/h) 7.238095238  100 % of the water flow (m3/h) 1.142857143 
(3) Before RO 1 (m3/h) 7.238095238  
(4) After RO 1, permeate (m3/h) 3.428571429  
5) RO 1 reject (m3/h) 3.80952381  

(7) Treated groundwater**  1.142857143 

* 75 % of the water flows through the softener filter 
** after softener filter 2 
 
Softener filter 1* Outgoing water to consumer 

75 % of the water flow (m3/3.5h) 6 Softener filter 1, 100 % (m3/h) 2.285714286 
100 % of the water flow (m3/3.5h) 8 Softener filter 2, 100 % (m3/h) 1.142857143 

75 % of the water flow (m3/h) 1.714285714 Total flow from softener filter 1 and 2, 
(m3/h) 

3.428571429 

100 % of the water flow (m3/h) 2.285714286 Softener filter 1 (%) 66.66666667 
Softener filter 2 (%) 33.33333333 Groundwater, kvarnbrunnen** Chlorine pump (m3/3,5h) 27 

Humus filter (m3/3.5h) 15 Outgoing water (m3/3,5h) 23 
Humus filter (m3/h) 4.285714286 Chlorine pump (m3/h) 7.714285714 
Iron- and manganese filter (m3/3.5h) 16 Outgoing water (m3/h) 6.571428571 
Iron- and manganese filter (m3/h) 4.571428571 Rinse water (m3/h) 1.142857143 
  Outgoing water to consumer 5.428571429 
  (9) Water tank 5.428571429 
    
  

 

  
*  75 % of the water flows through the softener filter 
**  The flows from the humus filter and the iron- and manganese filter should be the same if the filters are not rinsed with water. This is not 

the case   
      so one or both filters are rinsed during 11:00 PM and 02:30 AM. The iron- and manganese filter is properly rinsed because it has a 

greater flow compared to the humus filter.    
 
Softener filter rinse water to sewage tank To the sewage collection tank** 

Chlorine pump (m3/h) 7.714285714 Softer filters 1 and 2 (m3/h) 0.857142857 
RO 1 (m3/h) 3.428571429 Iron- and manganese filter (m3/h) 0.285714286 
Chlorine pump – RO 1 = humus filter* 4.285714286 Total water flow to sewage collection tank 1.142857143 
To sewage tank  0.857142857 
Softer filter 1, 66.6666667 % 0.571428571 

Control: water flow to sewage water tank 

Softer filter 2, 33.3333333 % 0.285714286 Chlorine pump (m3/h) 7.714285714 
Outgoing water (m3/h) 6.571428571  

 

Chlorine pump – outgoing water = sewage 
tank 1.142857143 

*  Should also be equal to groundwater flow. It not equal ➭ Humus filter = groundwater flow 

**  Because both flows to the sewage water tank are equal, this means that no rinse water went through the humus filter. This indicates also 
that the humus filter water reading gives the real value for the groundwater flow without out any rinse water included.   
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Results of calculations 
 

Number Location 08/03/2006 (m3/h) 07/05/2006 (m3/h)* 
1 Seawater feed 7.238095238 8.352657005 
2 After sandfilter 7.238095238 8.352657005 
3 Before RO 1 7.238095238 8.352657005 
4 After RO 1 3.428571429 3.956521739 
5 RO 1 reject 3.809523809 4.396135266 
6 Groundwater feed  4.285714286 4.945652174 
7 After Softener filter 2 1.142857143 1.318840580 
8 Sewage tank 1.142857143 1.318840580 
9 Water tank 5.428571429 6.264492754 

*Calculated from quota 1.153985507. See beginning of appendix 9. 
 

Location 08/03/2006 (m3/h) 07/05/2006 (m3/h)* 
Iron- and manganese filter, purified water (m3/h)  4.285714285 4.945652174 
Iron- and manganese filter, to sewage tank (m3/h) 0.285714286 0.329710145 

Humus filter, purified water (m3/h) 4.285714286 4.945652174 
Humus filter, to sewage tank  (m3/h) 0 0 
Softener filter 1 purified water (m3/h) 2.285714286 2.637681159 

Softener filter 1 to sewage tank  (m3/h) 0.571428571 0.65942029 
*Calculated from quota 1.153985507. See beginning of appendix 9. 
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Appendix 10 – Guideline values for drinking water according to 
SLVFS 2001:30   

Guideline value  Chemical 
parameters 

 Unit 

Outgoing  
water from 

plant 

 

Drinking 
water 

guidelines at 
consumers  

 

Commentary 

Turbidity - FNU 0.5L 1.5 L Indicate serious treatment problems if turbidity is > 20 FNU (SLV, 2001) 

Color 405 nm Mg/l Pt 15 L 30 L A value > 50 mg/l Pt indicate serious treatment problems (SLV, 2001) 

Conductivity 25°C mS/m - 250 L Values above limit value can accelerate corrosion (SLV, 2001) 

pH 25°C - 10.5LJ 7.5-9.0L pH < 4.5 should be applied as the lower value for suitable water (SLV, 
2001). > pH 10.5 at the consumer is regarded as very unsuitable as drinking 

water. 

Alkalinity HCO3 mg/l - - Concentrations >60 mg/l decreases the chance of corrosion attack within 
the distribution facility (SOS, 2006) 

Chemical oxygen 
demand  

CODMn mg/l - 4 L Chloride may interfere with COD measurement (WHO, 2006) 

Nitrate  NO3 mg/l  20 L (50N) 

Nitrite NO2 mg/l 0.10L 0.50N  
The parameter 

5.050
23 NONO + should be ≤ 1 mg/l 

Ammonium NH4
+ mg/l - 0.50L Nutrient indicator 

Ammonium-nitrogen  NH4-N mg/l - 0.40L 

 

Previous guideline value before the use of NH4
+. It is the same value as 

NH4
+ and only expressed as NH4-N. 

Bromate BrO3 µg/l - 10N Found in seawater and brackish water. Higher concentrations in seawater.   

Lead Pb µg/l - 10N Should be applied on average drinking water intake.  

Boron B mg/l - 1.0N - 

Fluoride  F mg/l - 1.5N Very low content in desalinated water 

Chloride  Cl mg/l - 100L Often used in the disinfection process (WHO, 2006) 

Chlorine, total active - mg/l 0.4L - - 

Sulfate  SO4 mg/l - 100L 
Indicator of hydrogen sulphide (H2S) formed by bacteria during oxygen 
depleted environments. Organic matter + SO42- + bacteria → S2- + H2O + 
CO2 (Metcalf and Eddy, 2003) 

Aluminum Al mg/l 0.100L - Guideline value are in reference to the total concentration Al. 

Iron Fe mg/l 0.100L 0.200L > 0.5 mg/l is especially a risk for water discoloration, taste, bad smell etc 
(SOS, 2006).  

Calcium  Ca mg/l - 100L Can cause membrane scaling 

Potassium  K mg/l - - No guideline value according to SLVFS 2001:30. SOS 2003:17 recommend  
12 mg/l  (SOS 2006; SLV 2001) 

Copper  Cu mg/l - 0.20L (2.0N) The concentrations for unsuitable should represent the average intake over a 
1 weak period (SLV, 2001) 

Magnesium  Mg mg/l - 30L Can cause membrane scaling 

Manganese  Mn mg/l 0.050L - High concentrations in aerobic waters is usually a indication of industrial 
pollution (WHO, 2006) 

Sodium  Na mg/l - 100L > 200 mg/l could give taste. 

Bens(a)pyrene - µg/l - 0.010N - 

Poly aromatic 
hydrocarbons  PAH µg/l - 0.10N Compounds like Benzo(b)fluoranthene, Benzo(ghi)perylene, 

Benzo(k)fluoranthene and Indeno(1,2,3-cd)pyrene.  

0.03N For substances; Aldrine, dieldrine, heptachlore and Heptachlorepoxid. 
These are especially toxic. Single pesticides - µg/l - 

0.10N Other pesticides 

Total pesticides - µg/l - 0.50N Sum of all single pestices 

Benzene - µg/l - 1.0N - 

Cyanide  - µg/l - 50N - 

Epichlorohydrine - µg/l - 0,10N - 

1,2-dichloroethane - µg/l - 3.0N - 
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Guideline value  Chemical 
parameters 
(continues) 

 Unit 

Outgoing  
water from 

plant 

 

Drinking 
water 

guidelines at 
consumers  

 

Commentary 

Trihalomethane, total THM µg/l - 50L (100N) Should be applied to the sum of chloroform, bromoform, 
dibromochloromethane, Bromodichloromethane  

Vinyl chloride  - µg/l - 0.50N - 

Sum of 
Tetrachlorethene and 

trichlorethene  
- µg/l - 10 - 

Acrylamide - µg/l - 0.10N - 

Arsenic As µg/l - 10N - 

Antimony Sb µg/l - 5.0N - 

Cadmium Cd µg/l - 5.0N - 

Chromium Cr µg/l - 50 N - 

Mercery Hg µg/l - 1.0 N - 

Nickel Ni µg/l - 20N - 

Radon Rn Bq/l - >100L (>1000N) - 

Tritium  T Bq/l - 100L - 

Total indicative 
dosage 

- mSv/ 
year - 0.10 Tritium, Potassium-40 together with radon and its breakdown products are 

not included in total indicative dosage.  

Selenium  Se µg/l - 10N - 

Taste - - - (Distinct or 
very strongN)  - 

Temperature - °C 20L - - 

Smell, 20°C - - - weakL (Distinct 
or very strongN) - 

 
Guideline value  Microbial parameters Unit  

Outgoing  
water 

from plant 

 

Drinking water 
guidelines at 
consumers  

 

Commentary 

Actinomyceter Number /100ml - 100L Stagnant water can give rise to large amounts of 
actinomyceter. 

Number of slow growing bacteria Number/ml - 5000L Indicate microbial growth in the plant and in the 
distribution system. 

Microorganisms, 22˚ C, 3 days Number/ml 10L 100L Guideline values for outgoing drinking water should be 
applied to disinfected water (SLV, 2001). 

Enterococcer Number/100ml DetectedN DetectedN - 

Coliform bacteria Number/100ml DetectedL 
(10N) DetectedL      (10N) Presence of coliform bacteria is a greater risk of water 

borne infection (SLV, 2001). 

E-Coli, 44 ˚C Number/100ml DetectedN  DetectedN Indicator of fecal contamination 

Clostridium perfringens Number/100ml - DetectedL Guideline values should be applied with included spores. 

Micro fungi  Number/100ml - 100L - 

L = Suitable for drinking water with remark,  
N = Unsuitable for drinking above this value  
J = should also be applied on pH adjusted water. 
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