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ABSTRACT 
 

Arsenic (As) is a metalloid that occurs naturally in the Earth’s crust, in bedrock and soil. The 

concentrations that Arsenic can be found are normally between 1-3 ppm. However, the 

concentrations vary naturally between different locations on the globe, and usually places that 

have sulphur-rich and shale deposits are linked to higher concentrations of Arsenic. Elemental 

Arsenic and especially inorganic Arsenic have been classified as human carcinogens, with long 

term exposure causing adverse effects like skin and lung cancer.  

The objective of this study is to investigate whether or not Fortum’s underground hydropower 

plants in Sweden, are within areas that present higher concentrations of Arsenic and if so, to 

assess if there may be any occupational risk hazards for the maintenance personnel while 

working in the plants.  

Based on SGU’s open geochemical database a map of Arsenic’s geospatial distribution was 

constructed, and according to that map and locations of Fortum’s underground stations, seven 

of them were selected to be further studied. Since the most relevant exposure pathways for 

the personnel in the plants, were considered to be intake of groundwater and inhalation of 

dust, samples of water and bedrock were collected from the selected plants, to be analyzed 

in the lab for the metal concentrations. 

Moreover, to better comprehend and assess the ways the personnel is exposed to the 

hazardous materials, a questionnaire was handed to them during the field visits. 

The results from the lab analyses of the rock samples, showed increased concentrations of 

Arsenic in the sample from Järpströmmen (9 ppm), and the samples from Anjan (4.5 ppm) and 

Kvarnfallet (4.6 ppm). However, all water samples concentrations in Arsenic were below the 

permissible limit of 10 μg/L. Although, the tap water sample from Anjan hydropower plant 

presented high content of Manganese and Iron associated to the bedrock deposits, and the 

tap water sample from Krångede presented high copper concentrations, associated to the 

existing piping system. According to these results, a few simple remediation actions were 

suggested for two abovementioned locations.  

It was concluded, by combination of all results from lab analyses of rock, water samples and 

questionnaire responses, that under current conditions, there are no unacceptable human 

health risks, due to exposure to arsenic, for the personnel working in the plants. However, it 

is advised that in the case that a new activity changes the steady state conditions, a new 

investigation should take place.  
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SAMMANFATTNING 

 

Arsenik (As) är en metalloid som förekommer naturligt i berggrund och jord. De 

koncentrationer som arsenik kan hittas i är normalt mellan 1 och 3 ppm. Koncentrationerna 

varierar naturligt mellan olika platser på jorden, och vanligtvis är platser med sulfider och 

skiffer kopplade till högre koncentrationer av arsenik. Elementär arsenik och oorganisk arsenik 

har klassificerats som karcinogener, som med långvarig exponering orsakar hud- och 

lungcancer. 

Syftet med denna studie är att undersöka huruvida Fortums underjordiska vattenkraftverk i 

Sverige ligger inom områden som uppvisar högre koncentrationer av arsenik och i så fall 

bedöma om det kan föreligga yrkesrisker för underhållspersonalen vid arbetet i kraftverken . 

Baserat på SGU:s öppna geokemiska databas byggdes en karta över arsenikens 

geospatialfördelning, och enligt denna karta och läget av Fortums underjordsanläggningar 

valdes sju av dem ut för att studeras ytterligare. Eftersom de mest relevanta 

exponeringsvägarna för personalen i kraftverken ansågs vara intag av grundvatten och 

inandning av damm, samlades prov av vatten och berggrund från de valda kraftverken, som 

analyserades i laboratorium för metallkoncentrationerna. 

För att bättre förstå och bedöma hur personalen utsätts för de farliga materialen, gavs ett 

frågeformulär till dem under fältbesöken. 

Resultaten från laboratorieanalyserna av bergproverna visade ökade koncentrationer av 

arsenik i provet från Järpströmmen (9 ppm), proven från Anjan (4,5 ppm) och Kvarnfallet (4,6 

ppm). Alla koncentrationer av arsenik i vattenprover var dock under den tillåtna gränsen på 

10 μg / L. Kranvattenprovet från Anjans kraftverk visade högt innehåll av mangan och järn 

kopplat till berggrunden, och kranvattenprovet från Krångede uppvisade höga 

kopparkoncentrationer kopplade till rörsystemet. Enligt dessa resultat föreslogs några enkla 

saneringsåtgärder för de två ovan nämnda kraftverken. 

Det slöts genom en kombination av alla resultat från laboratorieanalyser av berg- och 

vattenprover och frågeformulärssvar, att det under rådande förhållanden inte finns några 

oacceptabla hälsorisker för personalen som arbetar i kraftverken på grund av exponering för 

arsenik . Det rekommenderas dock att i händelse av att en ny verksamhet ändrar 

statusförhållandena, bör en ny utredning ske. 
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1. INTRODUCTION 

Various risks may occur in all the operations of organizations. Similarly, when it comes to a 

power plant owner like Fortum, it is of great importance, to manage operational risks with 

care.  Operational risks are defined as the risks that are associated with negative deviations of 

performance due to how the company operates and does not necessarily relate to its finances 

(King, 2001; Jorion, 2006). Such risks could be business interruptions, fire, chemicals or other 

environmental hazards, poor workplace safety, inadequate maintenance of its facilities, 

employee health problems, employee incompetence and corruption. 

To aid in the risk management of companies an assessment of the overall risk exposures is 

needed, therefore all the above-mentioned risks are to be considered in the assessment. An 

incomplete risk assessment can lead to improper risk management and to significant 

commercial damage of the company or even bankruptcy (Jorion, 2006; EIU, 2007a; EIU, 2007b; 

Jallow et al., 2007). 

The main aim of this study is to map risks related to Fortum’s facilities, and specifically 

underground hydropower stations, where waterways are often buried in the surrounding 

bedrock. Depending of the type of bedrock and under the prevailing environmental 

conditions, there is a risk that hazardous materials may leach, precipitate and settle in 

waterways, cavities and tunnels. During maintenance operations, the waterways are drained, 

and subsequent personnel access these areas, there is a risk that they can be exposed to these 

materials. Similarly, in locations where there is water leakage, materials can accumulate and 

present a risk.  

Hazardous components in such cases could be heavy metals like arsenic (As), which is the main 

focus of this study, and to which long term exposure has severe impacts on human health. 

Continued As exposure is associated with many forms of cancer like kidney, lung, liver and 

skin, which finally result in loss of life (e.g. Bhattacharya et al., 2002, Kapaj et al, 2006). Arsenic 

can enter the human body through a number of different pathways -from direct consumption 

of As contaminated water, food (like fish) or soil, and from inhalation of As containing dust 

particles and dermal uptake. However, the most significant of those pathways are direct 

consumption of As contaminated water or soil (Bhattacharya et al., 2002).  

1.2 AIM AND OBJECTIVES 

1.2.1 Aim of the project 
The aim of the project is to investigate whether or not deposits in waterways, rock tunnels 

and rock cavities and water resources in the underground hydropower stations contain As or 

other metals, which can have an impact on human health during occupational work. 
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1.2.2 Specific Objectives 

The project will focus on the following specific objectives:  

- To identify the bedrocks in the Fortum’s underground hydropower stations within Sweden 

where elevated As concentrations are associated, based on available data and through 

analyses of rock samples. 

-To further examine whether or not the materials are soluble in water under the current 

conditions by sampling of water and through analyzing the total concentrations of a number 

of metals. 

-To determine the possible pathways and duration of exposure of the personnel to the 

materials during maintenance work by relative literature and through questionnaires handed 

to the employees during the field visits. 

- Based on available data and analyses of the different bedrocks, assess the potential risks of 

health concern and need for appropriate risk management actions. 

1.2.3 Research questions 

To estimate whether any Arsenic is present in the surrounding bedrock of the underground 

hydropower plants, and if any health risks are posed to the personnel during maintenance 

work, there are certain questions that need to be answered: 

1. What are the types of bedrock associated with As and other heavy metals, and are abundant 

in the areas of the Fortum’s underground power plants? 

2. In what quantity and which metals are present in the surrounding bedrock? Are they soluble 

in the water leaking from the bedrock into the tunnels of the facility? 

3. What are the exposure pathways that need to be considered in an industrial environment, 

like hydropower plants? 

4. If any high As or other metals concentrations are measured, what recommended actions 

need to be taken? 

1.2.4 Delimitations of the study  

The study is delimited to the areas where Fortum’s hydropower stations are located in 

Sweden, and specifically the underground ones.  
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2. BACKGROUND  

2.1 Arsenic as an element 

Arsenic (As) is an element that has long been known. It was first described by Theophrastus in 

300 B.C. and named arsenikon referring to its “potent” nature. In the 1900s, before the 

introduction of penicillin, Arsenic was used within drugs to treat syphilis, leprosy and breast 

cancer (Lindberg, 2007). However, during the 1990s, awareness regarding Arsenic’s toxicity to 

human health through drinking water was raised, when the problem was discovered in 

Bangladesh and West Bengal in India (Smith et al., 2002).  

Since then, a large amount of published research studies focused on the potential impacts of 

water bodies with elevated concentrations of Arsenic related to both environmental and 

health impacts. Long-term exposure to As, evidently results in severe health impacts such as 

thickening of the skin, darker skin, abdominal pain, diarrhea, heart disease, numbness, and 

cancer (Ratnaike, 2003). Whereas, brief exposure can lead to vomiting, abdominal pain, 

encephalopathy and diarrhea (Ratnaike, 2003). 

The vast amount of evidence of the impacts from As toxicity to human health through drinking 

water, has led WHO into recommending a stricter drinking water limit for total Arsenic in 1993, 

from 50 µg/l to 10 µg/l (WHO, 2003). The target value is based on the lifetime risk of cancer, 

referring to how large is the cancer risk if a person is exposed to a certain level of Arsenic 

throughout his lifetime. Despite the great amount of research, focusing on the occurrence, 

behaviour and remediation of As in drinking water, other pathways of exposure from naturally 

occurring As like dust and air are not as thoroughly studied.  

2.2 Natural occurrence of arsenic 

Arsenic is a natural constituent in the Earth’s crust. Commonly, it normally occurs in 

concentrations between 1-3 ppm (Bhattacharya et al., 2002). Although, there are certain areas 

where higher concentrations of Arsenic are found and usually are associated with gold, sulfide 

ore deposits and shale deposits. Indicatively, arsenian pyrite (Fe (As,S)2) and arsenopyrite 

(FeAsS) are some sulfidic minerals that contain As in their crystal structure. Arsenic and 

sulphur (S) are closely related when it comes to their chemistry, hence, it is not rare that As 

may substitute S in crystal structures and result into the enrichment of As in these minerals 

(Paikaray, 2012).   

These minerals are usually stable. However, under certain conditions, they may be mobilized 

from soil due to chemical weathering or anthropogenic activities (like construction or mining). 

Exposure of As rich minerals to air, during these activities, may cause oxidation and 

consequently release of As to surface water and groundwater (Smedley and Kinniburgh, 

2002).  Factors affecting the mobility of As include, changes in pH, redox, temperature and 

dissolved oxygen. Determining the mechanisms that may result into the release of Arsenic to 

surface water and groundwater are crucially important, especially in areas with naturally high 

concentrations of As.  
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During the past decades, knowledge regarding As in the natural environment has increased 

significantly, and especially when it comes to drinking water and the risks for human health. 

There are many areas around the world that have been identified to have problems with 

naturally elevated concentrations of As in the subsurface, which result into As enrichment of 

the groundwater and surface water resources, and in that way entering the biosphere, causing 

adverse impacts to both humans and animals. The forms of As that enter the biosphere, and 

can be absorbed by aquatic organisms are organic, which are less harmful to humans. 

However, when it comes to geogenic elevated concentrations of As in drinking water, these 

forms are inorganic (As(II) and As(V)), and they are more toxic for humans. 

Most frequently, the main source of As in soils is geological and hence dependent of the 

concentrations of the parent rock materials. However, in some cases, additional inputs may 

occur locally from mining activities, combustion of fossil fuels and, in earlier years, from 

pesticides. These inputs are also related to As rich particulates being released in the air. 

However, there is little evidence about the toxicity of airborne As. Only in parts of China it was 

considered as a cause of lung cancer, but due to domestic coal use and from the consumption 

of smoked foods (Finkelman et al., 1999).  

Below, is presented a schematic diagram (Fig. 2.1) of cycling pathways of As in the natural 

environment. 

 

Figure 2.1 Schematic diagram showing a generalized cycling pathway of As rich deposits and 
pedosphere, hydrosphere, biosphere and atmosphere (modified from Paikaray, 2012). 
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2.3 Arsenic occurrence in Sweden 

As described previously, elevated concentrations of As in soils are commonly associated with 

gold, sulfide ore deposits and shale deposits. Similarly, in the case of Sweden, elevated 

concentrations in till, are related to polymetallic sulfide mineralizations like in the Skellefteå 

district, Västerbotten, Jämtland and Bergslagen (Andersson et al., 2014). Moreover, high As 

concentrations have been measured in Cambrian to Lower Ordovician black shale deposits 

along the Scandinavian Caledonides mountain front (formed 455 million years ago) 

(Andersson et al., 2014). 

Although, when comparing the highest concentrations of subsoils in Sweden, they are 

considered average when it comes to other parts of the world (see Fig. 2.2). With exception 

of some extremely concentrations found in the Västerbotten region, that are most probably 

enhanced due to the mining activities that are ongoing in the area. Consequently, in other 

places around the world, impacts and risks from As exposure may be of a bigger threat. 

 

Figure 2.2 Map presenting As concentrations (mg/kg)  in subsoils within Europe (Parviainen et al., 
2015). 
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2.4 Swedish legislation governing the control of arsenic exposure 

When it comes to the legislation currently existing in Sweden, the Swedish Food Agency 

(Livsmedelsverket) and the Swedish Environmental Protection Agency (Naturvårdsverket) are 

the two agencies that have researched and established some guideline limits when it comes 

to exposure to As, and these limits are related mostly to exposure pathways through food 

consumption, water consumption and uptake of soil. For drinking water, there is an EU 

common limit value of 10 µg / L. 

Additionally, the Swedish Environmental Protection Agency has stated the following guideline 

values for As in soil: 10 mg / kg (=ppm) which applies to sensitive land use (areas where people 

live steadily), and 25 mg / kg (=ppm) for less sensitive land use (industrial areas). 

After checking the latest document (AFS 2018:1) of the Swedish Work Environment Authority 

(Arbetsmiljöverket), there is a limitation for all inorganic As compounds except from Arsenic 

trihydride (AsH3) through dust exposure in a work environment, and must not exceed 0,01 

mg/m3 for total Arsenic for an 8-hour exposure time. 

 

2.5 Underground Hydropower stations  

In Sweden, Hydropower is of major importance, since around 45 % of the totally produced 

electrical energy of the country originates from this renewable form of power. There are 

approximately of 2100 hydropower stations in the country, 1900 of which have an installed 

capacity of below 10 MW and 200 have a capacity larger than 10 MW (Svensk 

Vattenkraftförening, 2019).  

More than half of Sweden’s hydropower capacity is produced underground (Rundgren and 

Marina, 1989). When it comes to Fortum, out of the 122 plants owned by the company in 

Sweden, about 1/5 of these are constructed underground (Bjerhag, 2019). The design of each 

hydropower station is unique and depends on local conditions and topography. Typical 

Swedish landscapes often include relatively flat and wide river valleys, which provide many 

medium heads of water from relatively low dams. In an effort to increase the heads in these 

areas, and thanks to the geological conditions in Sweden allowing that, it often is more 

economically efficient to construct underground power stations than multiple surface ones 

(Bjerhag, 2019).  
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Figure 2.3 Plan and cross section of an underground hydropower plant with unlined waterways (Erdem 
and Solak, 2005). 

An example of the design of a small underground hydropower plant is presented in Figures 

2.3 and 2.4. In cases where the geological conditions are favourable, the power station is 

usually placed in the bedrock, close to the dam. The water is returned to the river through a 

tailrace tunnel. However, sometimes, in order to facilitate the access to the station or for 

easier transport routes, it is preferable to place the power station further downstream 

(Rundgren and Marina, 1989).  
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Trashracks are usually placed in the intake for the turbines before entering the penstock that 

can be vertical or inclined, or directly to the turbine intake (Rundgren and Marina, 1989). 

 

Figure 2.4 Cross section of an underground hydropower station with unlined waterways (Palmström 
and Broch, 2017)  

For economic reasons, the sizes of the structures are usually minimized as much as possible 

and are limited to dimensions that are suitable for the equipment and maintenance 

requirements. Commonly, the tunnels are unlined and only when the bedrock is weak, it is 

strengthened by concrete. 

2.2 Pathways of exposure to Arsenic and health risks in an industrial location 

As mentioned previously, there is no information available about the risks from exposure to 

Arsenic containing bedrock in Sweden, instead there is much information about contaminated 

soils. According to the Swedish Environmental Protection Agency (Naturvårdsverket) 

Guidelines model (NV guidelines model) for soils, in order to estimate the potential human 

health risk, it is important to define all important pathways of exposure. However, these 

pathways may vary according to the contaminant and based on the land use of the location 

(Naturvårdsverket, 1997). 

Therefore, residential areas, playgrounds etc. are considered as land for sensitive use (Känslig 

Markanvändning – KM) and offices, industry, roads etc. are considered as land for less 

sensitive use (Mindre Känslig Markanvändning – MKM) (Fig. 2.5). In this project, the focus is 

on Fortum’s underground hydropower stations, hence, land for less sensitive use (MKM).   
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Figure 2.5 Exposure pathways considered in NV Guidelines model for sensitive land use and less 
sensitive land use (Naturvårdsverket, 1997). 

In some of the hydropower plants, there is also access to groundwater through wells. 

Groundwater contamination through geogenic Arsenic and then exposure through drinking 

water, is the most probable scenario for health risks.  

In less sensitive land use (MKM), the exposure pathways considered are dermal uptake, intake 

of soil, inhalation of dust and inhalation of vapours. During maintenance, there is a possibility 

that the personnel might have to perform bedrock related work, that may require rock 

crushing which generates the release of fine particles, that may be inhaled through dust. The 

intake of soil is also important, however not as much as in sensitive areas (KM), where children 

might put dirt in their mouth while playing.  

Moreover, based on the results of Lowney et al., 2007, dermal uptake of Arsenic from soil 

contact is less than 1 %, and thus consequently considered negligible. Similarly, inhalation of 

vapours is not relevant is the case of heavy metals like Arsenic but is valid for organic 

contaminants. 
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3. METHODOLOGY 

3.1 Strategy of the study 

The project was divided into a total of four stages (Fig. 2.6). The first stage included a review 

of existing literature and regulations related to Arsenic contamination and occupational risks 

(Chapter 2), along with a collection of geochemical data from the Geological Survey of Sweden 

(SGU) and geographical data of Fortum’s underground hydropower stations in Sweden. 

According to the results of the first stage, a scientific background should be established, and 

several sampling locations were to be identified, in order to be further studied as possible risk 

sites. In addition, for comparison, a few underground hydropower stations in areas with lower 

concentrations were selected as references. 

During the second stage of the project, the field visits to the identified risk sites and reference 

sites were to be conducted. While visiting the sites bedrock samples from the surrounding 

bedrock of the hydropower plants were collected. Water samples of tap water and of water 

leaking through the bedrock’s fractures were also collected. All samples were analyzed 

accordingly for their total concentrations. Moreover, interviews were conducted with a few 

of the maintenance personnel in the plants, to verify their pathways of exposure to the 

materials. 

In stage three and after the analyses of the sampled materials, an evaluation of the results 

was performed by using appropriate software. According to the results, it was decided 

whether a further assessment of health risk exposure was needed.  

The final stage four of the project included the reporting of the results, and suggestion of 

possible actions that may need to be taken. 

 

Figure 2.6 Schematic representation of the strategy of the study. 
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3.2 Material and Method 

3.2.1 Delineation of sampling areas 

Fortum’s underground hydropower plants are spread throughout central Sweden. Hence, in 

order to design the field work and laboratory analyses, a delineation of the sampling areas 

was conducted. This work was initiated by constructing a geochemical map of Arsenic 

distribution in Sweden through using SGU’s open database and GIS software. In addition, the 

exact locations of Fortum’s underground hydropower plants were added on the map, and 

then the sampling plants were chosen according to their proximity to the risky areas and based 

on their accessibility. Moreover, it was considered necessary that a number of plants that 

were not located in the risky areas but still relatively close to the ones that were, to be also 

sampled for reference concentrations and comparison reasons. 

According to this map (Fig. 3.1) the underground hydropower stations that were in risky areas 

and were therefore selected to be further studied were: 

• Anjan 

• Järpströmmen 

• Krångede  

• Kvarnfallet 

And, as reference sampling plants: 

• Långå 

• Långströmmen 

• Stora Stensjönfallet 

 

3.2.2 Fieldwork 

The field work was carried out in two rounds in April of 2019. The first round included the five 

hydropower stations in Jämtland (Anjan, Järpströmmen, Krångede, Stora Stensjönfallet and 

Kvarnfallet) and the second round, included the two reference hydropower stations (Långå 

and Långströmmen).  

To assure that the plant processes weren’t disrupted or corrupted by the field work, the 

Operations Manager of the plants was informed about the visits. Additionally, a risk analysis 

needed to be conducted about the visits in the plants and delivered to the Operations 

Manager beforehand. This risk analysis stated all possible risks from the methods that were 

to be used during sampling, such as the increased noise level due to drilling to extract samples 

from the bedrock, or general risks such as slipping and falling when walking in the plant’s 

tunnels. The risk analysis also included with the precaution measures and protective 

equipment that were to be used in order to minimize the risks, such as safety shoes, helmet 

and glasses. A copy of the performed risk analysis is displayed in Appendix E. 
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Figure 3.1 Geochemical map presenting Arsenic distribution in soils in Sweden (constructed in ArcGIS 
based on SGU’s open database) with Fortum’s underground hydropower plants plotted as well.  
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Moreover, a questionnaire was also prepared to be handed to the personnel in the plants, in 

order to assess further in detail their exposure pathways, duration of exposure etc. A copy of 

the handed questionnaire is also included in Appendix D. 

3.2.3 Sampling 

Based on the literature review, and the exposure pathways that were assessed as relevant in 

this study of As exposure; the ones through particle dust of the surrounding bedrock in the 

access tunnels and through consumption of water from wells located at the plants. It was thus 

decided that rock samples and water samples were to be collected to be further analyzed for 

their total metal concentrations. A total of 10 rock samples and 14 water samples were 

collected. 

3.2.3.1 Rock sampling 

All of the rock samples were collected using a geological hammer on the bedrock of the 

tunnels – in order to acquire a fresh fragment of rock sample that has not been oxidized. The 

sampling locations within the plants were chosen according to a) if and where there was 

existing exposed bedrock, b) if oxidation was occurring and c) if there was water leakage. 

Hence, wherever in the plants one these parameters were noted, a rock sample was collected. 

In general, lithology seldom changes within such a small extension of an area, meaning that in 

most plants- one rock sample was collected from the most representing lithology of the 

exposed bedrock area.  

Excepting from Anjan hydropower plant, where there were some locations in the plant that 

through the bedrock fragments, where some highly oxidized sediments were deposited along 

with the water leakage. Subsequently, a sample of these depositions was collected as well to 

be further analyzed. Below, is presented a table (Table 3.1) that includes the names and 

description of the rock sampling locations with the most details possible. 
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Table 3.1. Table presenting names and description of rock sampling locations. 

Rock Sample Name Description 

ANJ1 Anjan: From Nödutgång area, oxidized sample (see Fig. 3.2c) 

ANJ2 Anjan: From Nödutgång area (same area as above), non-oxidized 

sample (see Fig. 3.2c) 

ANJ3 Anjan: From the access tunnel area, water leakage from bedrock 

ceiling (see Fig. 3.2b) 

ANJ4 Anjan: From the opposite side of access tunnel area, oxidized 

bedrock water leakage (see Fig. 3.2a) 

JRP1 Järpströmmen: From the transport tunnel in the plant (see Fig. 3.3a) 

STSN1 Stensjön: From within the access tunnel (see Fig. 3.3b) 

KVN1 Kvarnfallet: From the area within the plant (Balkon) (see Fig. 3.3d) 

KRG1 Krångede:  From the entrance of the newly constructed access 

tunnel (see Fig. 3.3c) 

LAA1 Långå: From the access tunnel area between 600-650m, water 

leakage from the bedrock (no available image) 

LGS1 Långströmmen: From access tunnel area right outside the entrance 

in the plant area. (see Fig. 3.4) 
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Figure 3.2 Sampling locations (a, b, c) from Anjan hydropower plant. 
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Figure 3.3 Sampling locations from Järpströmmen (a), Stensjön (b), Krångede (c) and Kvarnfallet (d). 
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Figure 3.4 Sampling location from Långströmmen. 

 

3.2.3.2 Water sampling 

Out of the 14 water samples, 7 of them were originated from water leaking from the bedrock 

fragments (from the same locations where the rock samples were collected), and the rest 7 of 

them were tap water from the plants’ wells (see Table 3.2). Each sample is identified by the 

description of the location it was collected from in the most detail that was possible to 

provide.  

From each sampling point, one sample of water was collected in a 50ml bottle, the water was 

then filtered with a standard 0.45 µm Sartorius filter and acidified with suprapure HNO3. 
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Table 3.2 Table presenting names and description of water sampling locations. 

Water Sample Name Description 

ANJ1 Anjan- From Νödutgång Emergency exit (muddy- oxidized) 

ANJ2 Anjan- From Access Tunnel (leaking from Bedrock ceiling) 

ANJ3 tap Anjan- Tap water coming from well 

JSN1  Järpströmmen- From inside the plant behind the staircase (white 

sediment) 

JSN2 tap Järpströmmen- Tap water coming from well 

SSN1  Stensjön- Water running in access tunnel 

SSN2 tap Stensjön- Tap water without radon filter 

KVF1  Kvarnfallet- From inside the plant, Balkon area covered with 

plastic 

KVF2 tap Kvarnfallet- Tap water coming from well (filtered for bacteria) 

KEE1 Krångede- Tap water coming from well 

LAA1 Långå- Water from bedrock leakage in access tunnel (600-650m) 

LAA2 tap Långå- Tap water coming from well 

LRN1 Långströmmen- Water leaking from bedrock in turbine hall 

LRN2 tap Långströmmen- Tap water (possibly filtered) 

 

3.2.4 Field Parameters for water samples 

For each water sample, the pH, electrical conductivity (EC), redox potential (Eh) and 

temperature were measured on site using portable equipment. The pH electrode was 

calibrated once per day with standards of pH 4 and pH 7. In the second round of sampling, the 

electrical conductivity and redox potential could not be measured in the field since the 

equipment would not stabilize. Hence, these measurements were taken a few days later at 

the lab of the Department of Land and Water Resources Engineering at KTH. 

3.2.4 Laboratory Analytical Methods 

The rock samples were analyzed at the lab of the Department of Environmental Change (Tema 

Miljöförändringar -TEMAM) at Linköping University. Each rock sample was analyzed using the 

handheld XRF spectrometer model “S1 Titan” from Bruker. A minimum of 5 measurements 
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were collected from each sample from different angles, the results were then combined in 

order to get the average concentration of the whole rock sample. The Geochem calibration 

was used since it was considered as the most relevant in this case. The results of the analyses 

of the rock samples are presented in Appendix A. 

The water samples were also analyzed at the lab of the Department of Environmental Change 

(Tema Miljöförändringar -TEMAM) at Linköping University for the following total metal 

concentrations (As, Fe, Cr, Mn, Co, Ni, Cu, Zn, Mo, Cd, Ba, Pb) by ICP-MS. The results of the 

analyses of the water samples are presented in Appendix C.  

 

4. RESULTS 

In this chapter the results from the analyses of the rock samples and water samples are 

presented. Rock samples were analyzed based on their lithological characteristics and pXRF 

concentrations measurements. The water samples of tap water and bedrock leakage were 

analyzed for their total concentrations in heavy metals measured by ICP-MS and assessed 

further by comparison against the permissible limits presented in SGU’s Groundwater 

assessment bases (Bedömningsgrunder för grundvatten)(Sveriges geologiska undersökning, 

2013) 

4.1 Rock Samples 

4.1.1 Description of lithologies 

The three rock samples from Anjan (Fig. 4.1b, and 4.2c and d) show similar characteristics, all 

of them are very hard and fine grained and they have a similar colour of light grey to dark grey. 

No minerals could be identified macroscopically since they are quite fine grained, but in some 

parts where some white grains can be seen they are possibly quartz and in sample ANJ4 the 

little white veins are possibly calcite. In addition, the rusty parts are Fe oxides. 

 As described previously, a sample of sediment was also collected (Fig. 4.1a), the sample was 

very muddy and from the very dark reddish colour, it is assumed to be highly oxidized and to 

contain high amounts of iron oxides. 
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Figure 4.1 Sediment sample (ANJ1) on the left and rock sample (ANJ2) on the right from Anjan 
hydropower plant. 

 

Figure 4.2 Rock sample (ANJ3) on the left and rock sample (ANJ4) on the right from Anjan hydropower 
plant. 

The rocks in the Kvarnfallet region (Fig. 4.3a) appears to have very similar characteristics with 

the rock samples from Anjan. It is characterized by light grey to dark grey colour, with similar  

hardness and fine grained character. On a mesoscopic scale, some white grains could be seen, 

which are possibly quartz or calcite. Alongside, the sample from Järpströmmen seems very 

much like the previous rock samples, however its colour is darker and the quartz veins are 

more obvious and thicker. 



Angeliki Filippou  FORTUM GEN-117 and TRITA-ABE-MBT-19694 

21 
 

 

 

Figure 4.3 Rock sample (KVN1 on the left) from Kvarnfallet and rock sample (JRP1, on the right) from 
Järpströmmen hydropower plant. 

 

The samples from Stensjön (Fig. 4.4a) and Krångede (Fig. 4.4b) are granites, very coarse 

grained crystalline igneous rocks. The white grains are quartz and plagioclase minerals, the 

pink ones are alkali feldspars and the dark ones are pyroxenes, amphiboles and/or biotite. 

Figure 4.4 Rock sample (STSN1) on the left from Stensjön and rock sample (KRG1) on the right from 
Krångede hydropower plant. 

Similar to the rock samples from Stensjön and Krångede, the rock sample from Långströmmen 

(Fig. 4.5a) is a granite even more coarse grained, with big grains of feldspar and quartz along 

with pyroxenes, amphiboles and/or biotite. 
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On the contrary, the rock sample from Långå (Fig. 4.5b) is fine grained, of grey colour but with 

some white grains visible on its structure. However, it is hard to characterize it based on its 

macroscopic features. 

 

 

Figure 4.5 Rock sample (LGS1) on the left from Långströmmen and rock sample (LAA1) on the right 
from Långå hydropower plant. 

 

Based on the detailed lithological map (Fig. 4.6), the bedrock formations were identified for 

each sampling station and presented in Table 4.1. 

a b
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Figure 4.6 Detailed lithological map of Jämtland (from SGU) projected in ArcGIS, along with the sampling stations.
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Table 4.1 Sampling stations and corresponding lithological formations. 

Sampling hydropower 
stations 

Identified lithological formations 

Anjan  Acid volcanic/subvolcanic rock and metamorphic equivalents like 
metasandstone and metashale 

Kvarnfallet Acid volcanic/subvolcanic rock along with other metamorphic 
equivalents like metasandstone and metashale 

Stensjön Granite, syenitoid, quartz monzodiorite and metamorphic equivalents  

Jarpströmmen Greywacke, shale, limestone, quartz arenite and metamorphic 
equivalents  

Krångede Granite, syenitoid, nepheline syenite  

Långa Granitoid, syenitoid and metamorphic equivalents  

Långströmmen  Granite, granodiorite, syenitoid, quartz monzodiorite  

 

According to the lithological formations of each hydropower station, three groups could be 

identified: 

In the first group are the stations Anjan and Kvarnfallet: both of these stations share similar 

lithological characteristics that include acid volcanic rocks along with sandstone and shale 

formations that have been through a type of metamorphosis. Their lithological similarity is 

further confirmed through the macroscopic study of their rock samples (Fig. 4.1-4.3). 

In the second group are the stations Stensjön, Krångede, Långa and Långströmmen : all of 

these stations are identified as some type of granite or granitoids, they may differ in their 

percentage of quartz, feldspar, plagioclase, biotite, amphiboles and pyroxenes, but they 

belong in the same rock group of granites. This was further confirmed by the macroscopic 

study of their rock samples, with exception only the one from  

In the third group, only the station Järpströmmen has been included as its lithological 

formations were identified as mainly Greywacke (sandstone that has a dark colour) and shale. 

By the macroscopic study of the rock sample, some similarities were noted with the samples 

from Anjan and Kvarnfallet, which is very logical, as the samples from these stations included 

sandstones and shale formations as well that have been through a metamorphic phase, 

though. 
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4.1.2 pXRF results of rock samples 

The complete results from the pXRF of the rock samples are presented in Appendix A. 

As described in the first chapters of the report, Arsenic is naturally occurring in concentrations 

of 1-3 ppm on the Earth’s crust. However, it is not distributed equally all over the globe, there 

are some locations that present higher concentrations than 1-3 ppm, these locations are 

usually linked to bedrock deposits like sulphides and shales. 

 

Table 4.2 Arsenic concentrations results of pXRF analysis of rock samples. 

 

 

 

 

 

 

 

 

 

From Table 4.2, it is visible that the rock samples from Järpströmmen, Anjan and Kvarnfallet 

present somewhat higher concentrations of Arsenic than the normal values of 1-3ppm. As the 

rock sample from Järpströmmen was classified as greywacke/shale, and the samples from 

Anjan and Kvarnfallet as part metasandstones/metashales, the Arsenic concentrations are 

well justified and correlate very well with the map in figure 3.1, that was constructed to 

identify the risky locations. The concentrations that were below the detention limit of the 

pXRF have been measured as 0 ppm, and originate from Stensjön, Långå, Krångede (classified 

as granites/granitoids) and two of the samples from Anjan (possibly part of the acid volcanic 

rocks). Moreover, the rock sample from Långströmmen (classified as granitoid) and the 

sediment sample from Anjan present Arsenic concentrations within the normal limits of 1-

3ppm.  

  

Sample Name  Arsenic concentration (ppm) 

LGS1 1.5 

ANJ1 1.4 

ANJ2 0 

JRP1  9 

ANJ3 0 

ANJ4 4.5 

KVN1 4.6 

STSN1 0 

LAA1 0 

KRG1 0 
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4.2 Water Samples 

The water samples collected from the leakage are surface water and the water samples 

collected from the wells are groundwater. In order to assess the water quality, it is important 

to define and control certain parameters, known as parameters of quality (or pollution 

parameters). 

Typically, the parameters specified in groundwater are: 

▪ Physical (temperature, color, turbidity, odour, radioactivity) 

 

▪ Chemical (pH, Conductivity, Hardness, Alkalinity, Hardness, Redox Potential) 

Main Ions: Ca2+, Mg2 +, Na+, K+, HCO3
-, SO4

2- , Cl-, NO3
- 

Secondary Ions: Fe2 +, Fe3+ , Mn2 +, NH4 +, F-, CO3
2-, Al3 + etc.; 

Heavy Metals: Pb2+ , Cr6 +, Hg2 + ,As3 +, Cd2 + etc. ; 

Nutrients of N, P 

Proteins, Organic compounds, Gases (O2, N2, H2S, NH3, CH4) 

Depending on the goal and the technical means available each time, we usually find in the 

bibliography a part and not the whole set of the above parameters. Similarly, in this study, 

since the main objective is to assess the occupational risk hazards from Arsenic and other 

heavy metals, the lab analyses of the water samples focused on the measurement of the total 

concentrations of twelve metals in the water samples, the physical parameter of 

Temperature, and chemical parameters of pH, conductivity and redox potential. 

In the following chapter (4.2.1) the results from the lab analyses of the water samples are 

presented. 

4.2.1 Metal concentrations of water samples 

The 14 water samples were analyzed for their total concentrations by ICP-MS. The lab analysis 

included the following metals: Cr, Mn, Co, Ni, Cu, Zn, Mo, Cd, Ba, Pb, Fe and As. To assess 

further the water quality, the results were compared against the limits presented in SGU’s 

report (Bedömningsgrunder för grundvatten) (SGU, 2013). For the metals concentrations of 

the samples that exceed the permissible limits, no further assessment was conducted. 

Below are presented graphically the results of the lab analyses of the water samples. However, 

graphs were selectively constructed based on which metals have permissible limits that were 

exceeded and certainly Arsenic concentrations of the samples since it is the main focus of the 

study. For the complete metal analyses results of the water samples analyses, see Appendix 

C. 
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Figure 4.7 Graph of Copper concentrations in the water samples along with the permissible limit of 
2000 (μg/L). 

 

 

 

Figure 4.8 Graph of Manganese concentrations in the water samples along with the permissible limit 
of 400 (μg/L). 

9 43 4
66

12 3

1309

0

200

400

600

800

1000

1200

1400

KVF2 tap LAA2 tap KEE1 tap LRN2 tap SSN2 tap JSN2 tap ANJ3 tap

M
n

 (
µ

g/
L

)

Mn (μg/L)

Limit

751.8

1145.7

3313.8

7.4 108.1 70.4 2.4 2 6.7 5.5 5.4 1.2 2.1 3.4
0

500

1000

1500

2000

2500

3000

3500

KVF2
tap

LAA2
tap

KEE1
tap

LRN2
tap

SSN2
tap

JSN2
tap

ANJ3
tap

JSN1 LRN1 SSN1 LAA1 ANJ2 ANJ1 KVF1

C
u

 (
µ

g/
L)

 

Cu (μg/L) Limit



Angeliki Filippou  FORTUM GEN-117 and TRITA-ABE-MBT-19694 

6/13/2019  28 
  

 

 

Figure 4.9 Graph of Iron concentrations in the water samples along with the permissible limit of 200 
(μg/L), excluding the sample ANJ2 since the measured Iron concentration was extremely high and 
affected the graph.  

 

Figure 4.10 Graph of Arsenic concentrations in the water samples along with the permissible limit of 
10 (μg/L).  

 

Based on the results from the water samples analyses, it is obvious that none of the samples 

exceeded the limit of 10 μg/L for Arsenic. In general, almost all of the samples had 

concentrations even below 1 μg/L. The reason for that may be the presence of Fe that reacts 

and combines with As. The trends of Fe concentrations follow the trends of As presence. The 

only sample that showed an increase in Arsenic concentrations was ANJ2 (3.41 μg/L), which 

was expected, since its iron and manganese content were extremely high as well. However, 

even in this sample, the measured concentration does not exceed the permissible limit. 
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Moreover, this sample was collected from bedrock leakage and hence, does not pose any 

threats for the personnel from the perspective of drinking water. 

However, when it comes to the tap water samples and their metal content, fortunately, none 

of them exceeded the permissible limit of Arsenic concentrations, as mentioned previously. 

But it was noted that the sample of tap water of the Anjan hydropower station exceeded the 

limits of both Iron (200 μg/L) and Manganese content (400 μg/L), according to literature the 

nature of this, is the bedrock deposits along with current chemical conditions. In addition, in 

the tap water sample from Krångede, the Copper content exceeded the permissible limit of 

2000 μg/L, whereas the cause of this is related to the piping system and not bedrock deposits. 

 

4.3 Results from questionnaires 

During the field visits at the hydropower plants, a questionnaire was handed to the 

maintenance personnel that was working on the premises. Bilfinger is the company that is 

responsible for the maintenance of Fortum’s hydropower plants, hence, a total of 6 

employees of Bilfinger answered the questionnaire. Out of the 6 employees- 4 people were 

maintenance personnel, 1 project coordinator and 1 group manager.  

The answers from the questionnaires were crucial, in order to get a better understanding of 

the operations in the plants. The questions focused mostly on the frequency and type of 

maintenance work that the personnel had to perform related to the bedrock and generation 

of dust. In addition, the personnel were asked if a well was existing on the premises, and 

whether or not, it was used as a source of drinking water. The answers are presented in Table 

4.3. A copy of the prepared questionnaire that was handed to the personnel is presented in 

Appendix D. 

 

Table 4.3 Questionnaire responses from personnel. 

Number of respondents  6 

   

Bedrock related 

Maintenance Work 

Cleaning Of drainage 

system of the plants 

Lighting Service 

Frequency 5 times a year 5 times a year 

   

Water consumption 

related activities 
From groundwater wells 

Frequency 
Daily consumption 
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Based on the answers from the questionnaires, the most common types of bedrock related 

maintenance work were: 

• Cleaning of the drainage system of the plants 

• Lighting service  

However, both types of work are not occurring on a daily basis according to the personnel, 

but a few times per year -with an average of 5 times per year.  

Moreover, regarding the question about the groundwater wells, all hydropower plants had 

access to their own private wells that were used as a drinking water supply. And all employees 

responded positively to the question about drinking from the water that was supplied from 

these wells. 

All personnel that were working in the plants were using the workwear provided by Bilfinger 

and work shoes that fulfilled Fortum’s safety requirements along with protective helmet and 

protective glasses. 

It should be noted that even though typical maintenance work does not include extensive and 

long-term exposure to the bedrock/ bedrock dust, sometimes a project might take place in 

the plants that may require so. Hence, it is advised that project managers are aware of any 

possible risks related to particles from the bedrock and take measures beforehand. 

5. DISCUSSION & CONCLUSION 

Arsenic (As) exposure is a cause of growing global concern during the last decades. Exposure 

to Arsenic can be due to contact with various components of the natural environment that 

can have high content of Arsenic like bedrock, soil and water. In some cases, the exposure to 

Arsenic can lead to health risks that can be fatal. Hence, it is important to investigate further 

if there is a suspicion that an area might show high concentrations of Arsenic in its surrounding 

environment. 

Similarly, in this study the focus was on Fortum’s underground hydropower plants in Sweden 

that were located in areas which present bedrock deposits usually related with high Arsenic 

content. A number of four locations were characterized as risky areas, but also it was 

important to select some more locations as background level for comparison reasons. 

Subsequently, three more locations were selected to be further studied as such.  

The occupational health and safety of the personnel working in the plants is of great 

importance, and from this perspective, their exposure pathways to any dangerous 

concentrations that were most relevant in this case were assessed to be inhalation of bedrock 

dust and intake of groundwater. Whereas, in order to have more detailed results, 

questionnaires were prepared to be handed to them during the field visits. 

During the field visits, rock samples from the surrounding bedrock of the tunnels and water 

samples from bedrock leakage and tap were collected, to be analyzed for their concentrations 
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in the lab. pXRF was used to measure the content of the rock samples and ICP-MS for the total 

metal concentrations of the water samples.  

Based on the results of the lab analyses of the samples and responses of the questionnaires, 

the following statements could be made: 

The concentrations of Arsenic in the bedrock samples, were mostly in low numbers, with 

exception from three samples from Järpströmmen, Anjan and Kvarnfallet. The rock sample 

from Järpströmmen had the highest Arsenic concentration (9 ppm) and was classified as a grey 

shale deposit. The samples from Anjan and Kvarnfallet had concentrations a little above the 

normal values (4.5 and 4.6 ppm) were classified as metasedimentary rock, meaning shale 

deposits that have been though a type of metamorphosis. 

The Arsenic concentrations in all the water samples were below the permissible limit, meaning 

that even though Arsenic was existing in three of the rock samples, current conditions do not 

favour its solubility in water. However, in the sample of tap water from Anjan, high 

concentrations of Manganese and Iron were measured above the permissible limit, these 

were associated with minerals bedrock and similarly, in the samples of tap water from 

Krångede high concentrations of Copper were measured. 

According to the responses from the questionnaires, the personnel in the plants are indeed 

using the wells as a drinking water supply, hence it is recommended that a few simple actions 

need to be taken in order to remove the exceeding metal Manganese, Iron and Copper 

concentrations from the tap water. Regarding the Manganese and Iron concentrations, 

installation of a simple filtration system that removes both of these metals should be an 

efficient and easy solution, there are plenty of options in the market. Whereas, regarding the 

Copper concentrations, the reason for the high copper concentrations is the existing piping 

system in the plant. An exchange to a plastic pipe system would solve this problem. 

Based on the answers of the personnel, the most common types of work that are related to 

bedrock are a) the cleaning of the drainage system and b) the service of lighting. Both of these 

types of work do not occur usually more than five times per year, and hence, their affect even 

in Järpströmmen (which has the highest Arsenic content bedrock) is considered negligible. 

To conclude, under current conditions and operations in the plants, there are no health risks 

due to Arsenic that require risk management actions. However, it is advised that in the case 

another project takes place in the future, especially in Järpströmmen, the project manager 

should inform personnel to use protective masks (if the project is related to bedrock crushing), 

and since the steady state conditions may be affected as well, then a new investigation should 

be ordered. 

 

 

  



Angeliki Filippou  FORTUM GEN-117 and TRITA-ABE-MBT-19694 

6/13/2019  32 
  

REFERENCES 
Andersson, M., Carlsson, M., Ladenberger, A., Morris, G., Sadeghi, M., Uhlbäck, J., 2014. Geokemisk 

atlas over Sverige. 

Bhattacharya, P., Frisbie, S.H., Smith, E., Naidu, R., Jacks, G., Sarkar, B., 2002. Arsenic in the 

environment: a global perspective. In: Sarkar, B. (Ed.), Handbook of Heavy Metals in the Environment. 

Marcell Dekker Inc., New York, pp. 145–215. 

Bjerhag, H., 2019. Notes from Presentation: Basic Powerplant Overview and Technology. Stockholm, 

Sweden. 

EIU., 2007a. Business Resilience: Ensuring Continuity in a Volatile Environment. New York: The 

Economist Intelligence Unit. 

EIU., 2007b. Best practice in risk management: A Function Comes of Age. New York: The Economist 

Intelligence Uni 

Erdem, S., Solak, T., 2005. Underground Space Use. Analysis of the Past and Lessons for the Future, 

Two Volume Set: Proceedings of the International World Tunnel Congress and the 31st ITA General 

Assembly, Istanbul, Turkey, 7-12 May 2005. CRC Press. 

Finkelman, R.B., Belkin, H.E., Zheng, B., 1999. Health impacts of domestic coal use in China. Proc. Nat. 

Acad. Sci., USA 96, pp. 3427–3431. 

Jallow, A.K., Majeed, B., Vergidis, K., Tiwari, A. and Roy, R., 2007. Operational risk management in 

business processes. BT Technology Journal 25(1), pp. 168-177. 

Jorion, P., 2006. Value at Risk. New York: McGraw-Hill 

King, J.L., 2001. Operational Risk: Measurement and Modelling. Chichester: John Wiley & Sons Ltd 

Lindberg AL, Kumar R, Goessler W, Thirumaran R, Gurzau E, Koppova K, et al. Metabolism of low-dose 

inorganic arsenic in a central European population: influence of sex and genetic polymorphisms. 

Environ Health Perspect. 2007;115:1081–1086. p.69. 

Lowney, Y.W., Wester, R.C., Schoof, R.A., Cushing, C.A., Edwards, M., Ruby, M.V., 2007. Dermal 

absorption of arsenic from soils as measured in the rhesus monkey. Toxicol. Sci. 100 (2), pp. 381–392. 

Naturvårdsverket., 1997. Development of Generic Guidelines Values. Stockholm: Naturvårdsverket. 

Paikaray, S., 2012. Environmental hazards of arsenic associated with black shales: a review on 

geochemistry, enrichment and leaching mechanism. Rev. Environ. Sci. Biotechnol. 11, pp. 289–303. 

https://doi.org/10.1007/s11157-012-9281-z 

Palmström, A., Broch, E., 2017. The design of unlined hydropower tunnels and shafts: 100 years of 

Norwegian experience 9. 

Parviainen, A., Loukola-Ruskeeniemi, K., Tarvainen, T., Hatakka, T., Härmä, P., Backman, B., Ketola, T., 

Kuula, P., Lehtinen, H., Sorvari, J., Pyy, O., Ruskeeniemi, T., Luoma, S., 2015. Arsenic in bedrock, soil 

and groundwater — The first arsenic guidelines for aggregate production established in Finland. Earth-

Sci. Rev. 150, pp. 709–723. https://doi.org/10.1016/j.earscirev.2015.09.009 

Ratnaike, R.N., 2003. Acute and chronic arsenic toxicity. Postgrad. Med. J. 79, pp. 391–396. 

https://doi.org/10.1136/pmj.79.933.391 

Rundgren, L., Marina, J., 1989. Underground Hydropower Projects in Sweden 4, 7. 



Angeliki Filippou  FORTUM GEN-117 and TRITA-ABE-MBT-19694 

6/13/2019  33 
  

Smedley, P.L., Kinniburgh, D.G., 2002. A review of the source, behaviour and distribution of arsenic in 

natural waters. Appl. Geochem. 17, pp. 517–568. https://doi.org/10.1016/S0883-2927(02)00018-5 

Smith, A.H., Lopipero, P.A., Bates, M.N., Steinmaus, C.M., 2002. Arsenic epidemiology and drinking 

water standards. Science 296, pp. 2145–2146. 

Svensk Vattenkraftförening., 2019 Retrieved from: www.svenskvattenkraft.se (Accessed 23-4-2019) 

Sveriges geologiska undersökning, 2013. Bedömningsgrunder för grundvatten. Sveriges geologiska 

undersökning, Uppsala. 

WHO, 1993. Guidelines for drinking-water quality. Volume 1: Recommendations, 2nd ed. WHO, 

Geneva. 

 

 

 

 

 

 



Angeliki Filippou  FORTUM GEN-117 and TRITA-ABE-MBT-19694 

6/13/2019  34 
  

Appendix A. pXRF results of rock samples 
 

 

Sample _ID 

ANJ2 LAA1 JRP1 ANJ4 LGS1 KRG1 ANJ1 ANJ3 STSN1 KVN1 

MgO 0 96778.8 11948 16237 11002.33 0 0 2330.6 0 4768.6 

Al2O3 9744 88172.4 96493.8 146188.8 72131.33 82583 91737.8 67582.4 90559.4 34193 

SiO2 7927.2 272548.6 295094.2 317180.3 412824 361752 480620.2 363706.8 507903.4 336670.2 

P2O5 223.4 1122 149 0 1271 1619.667 713.2 174.2 272.8 559 

S 0 0 65347 4583.167 602.5 90.16667 4339 2621.2 175.6 288.4 

Cl 0 0 0 0 0 0 0 0 299 0 

K2O 123.8 24332 35604 49688.5 21926.17 31673 27985.2 23218.8 46465 6083.6 

CaO 7772.2 10303.6 14642.6 10447.33 45825.33 25732 5727.2 62119.8 7640.4 37429.6 

Ti 0 2511 9536.4 4757.333 5784.833 3319.5 3619.6 3676.8 1751.6 1428.4 

V 16.2 53.2 43.8 59.16667 133 0 0 34 110 34 

Cr 0 30.6 12.4 8.833333 9.166667 6.166667 40 39.6 35 25.2 

Mn 8132.4 1548.8 383 313.3333 797.3333 327.6667 761.4 23945.2 298.2 197 

Fe 127654.8 43284.4 42449.8 37654 30539 22436.2 16955.8 14868.6 11433.4 11249.6 

Co 0 22.8 0 0 0 0 0 0 0 0 

Ni 0 59 68 51.16667 13 8.666667 0 18.6 12 22.6 

Cu 51.6 59 91 58.16667 81.66667 53.83333 63.2 60.2 49.6 49 

Zn 56.4 376.2 150.2 98.83333 103.1667 82.33333 53.6 49.8 64.6 8477.4 

As 0 0 9 4.5 1.5 0 1.4 0 0 4.6 
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Rb 0 109.4 198 230.1667 75.16667 59.83333 43.4 42.8 269.8 36.2 

Sr 22 215.4 170.6 32.16667 291.3333 233.6667 24.4 12.2 29.6 81.4 

Y 2 40 42.6 39.66667 75.16667 15.83333 16 26.6 26 29.8 

Zr 30.8 116.2 368.6 325.5 202.3333 205 189 420.6 121.4 164 

Nb 0 0 25.4 16.16667 29.66667 0 0 2.2 17.2 7 

Mo 2.8 0 0 0 0 0 0 0 15 0 

Sb 0 0 0 0 523.5 0 0 0 0 0 

Ba 0 1006 627.8 660.3333 70.5 1917.833 0 0 0 71 

La 0 0 0 0 175.8333 0 0 0 0 153.2 

Hf 0 0 0 0 0 10.5 0 0 0 0 

Ta 0 0 0 4.166667 0 0 0 0 3.2 0 

W 0 0 0 0 0 0 0 0 0 22.2 

Tl 0 0 0 0 9.166667 0 0 0 0 0 

Pb 4.4 11.6 11.2 0 5.5 0 11.8 4.8 5.8 34.2 

Bi 0 0 7.4 11.16667 0 0 0 0 0 0 
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Appendix B. Field parameters of water samples 
 

Sample Name T(oC) pH EC (µS/cm) Eh (mV) 

ANJ1 10,2 6.5 630 233.3 

ANJ2 10,5 5.52 186.3 249.2 

ANJ3 tap 10,7 6.52 565 254.2 

JSN1 10,3 7.35 390 250.6 

JSN2 tap 10,6 6.75 267 252.8 

SSN1 10,2 4.85 30.9 253.1 

SSN2 tap 10,4 4.88 33.1 291 

KVF1 10,2 6.45 116.7 250.5 

KVF2 tap 10,6 4.8 25.4 291.4 

KEE1 tap 10,8 6.25 549 273.1 

LAA1 10,2 7.01 136.8 250.4 

LAA2 tap 10,6 6.53 133.8 269.6 

LRN1 10,7 6.81 140.8 250.3 

LRN2 tap 10,7 7.04 108.9 249.7 



Angeliki Filippou  FORTUM GEN-117 and TRITA-ABE-MBT-19694 

6/13/2019  37 
  

 

Appendix C. Metal concentrations (μg/L) in water samples and corresponding limits from  SGU’s limits for groundwater 

(Bedömningsgrunder för grundvatten) (SGU, 2013)

(µg/l) 
Cr 

(μg/L) 
Cr limit 
(μg/L) 

Mn 
(μg/L) 

Mn limit 
(μg/L) 

Co 
(μg/L) 

Ni 
(μg/L) 

Ni Limit 
(μg/L) 

Cu 
(μg/L) 

Cu Limit 
(μg/L) 

Zn 
(μg/L) 

Zn limit 
(μg/L) 

Mo 
(μg/L) 

Cd 
(μg/L) 

Cd limit 
(μg/L) 

Ba 
(μg/L) 

Ba 
(μg/L) 

Pb 
(μg/L) 

Pb  limit 
(μg/L) 

Fe 
(μg/L) 

Fe limit 
(μg/L) 

As 
(μg/L) 

As 
limit 

(μg/L) 

KVF2 tap 0.39 50 9 400 0.117 0.739 20 3313.8 2000 259. 1000 0.4 0.04 5 186 300 1.9 10 33 200 0.09 10 

LAA2 tap 0.08 50 43 400 0.596 0.859 20 2.4 2000 690. 1000 0.5 0.01 5 75 300 3.8 10 57 200 0.2 10 

KEE1 tap 0.05 50 4 400 0.173 0.438 20 751.8 2000 50. 1000 0.4 0.03 5 11 300 1.3 10 28 200 0 10 

LRN2 tap 0.11 50 66 400 0.021 0.442 20 70.4 2000 12. 1000 1.99 0.20 5 5 300 0.2 10 20 200 0.1 10 

SSN2 tap 0.26 50 12 400 0.188 1.875 20 7.4 2000 604 1000 0.18 0.00 5 156 300 1.3 10 59 200 0.16 10 

JSN2 tap 0.14 50 3 400 0.08 0.783 20 2.0 2000 251.3 1000 1.75 0.01 5 14 300 2.89 10 32 200 0.09 10 

ANJ3 tap 0.13 50 1309 400 0.114 1.057 20 108.1 2000 14.3 1000 0.29 0.08 5 120 300 1.56 10 354 200 0.07 10 

JSN1 0.14 50 14 400 0.151 -0.108 20 6.7 2000 5.5 1000 3.28 -0.01 5 28 300 0.12 10 35 200 0.12 10 

LRN1 0.09 50 18 400 0.749 0.29 20 5.4 2000 5 1000 0.2 -0.02 5 11 300 0.12 10 13 200 0.18 10 

SSN1 0.3 50 10 400 0.038 0.578 20 1145.7 2000 59.4 1000 1.16 0.03 5 23 300 7.47 10 121 200 0.34 10 

LAA1 0.2 50 1 400 0.028 0.165 20 2.1 2000 3 1000 1.01 0.00 5 47 300 0.11 10 7 200 0.26 10 

ANJ2 0.82 50 2469 400 1.225 2.13 20 3.4 2000 7.1 1000 0.48 0.00 5 12 300 0.14 10 16413 200 3,4 10 

ANJ1 1.04 50 11 400 0.089 0.403 20 5.5 2000 19.1 1000 0.18 0.01 5 170 300 0.3 10 319 200 0.3 10 

KVF1 0.39 50 2 400 0.074 0.243 20 1.2 2000 22 1000 0.95 0.12 5 138 300 0.6 10 47 200 0.3 10 



Angeliki Filippou  FORTUM GEN-117 and KTH-ABE 
 

6/13/2019  38 
  

Appendix D. Copy of questionnaire for maintenance personnel in the plants in 

Swedish 
 

Frågeformulär om risk för exponering av tungmetaller i Fortums vattenkraftstationer 

Angeliki Filippou 

Namn:   

Email:   

Kraftstation:  

 

Datum:    

 

Q1. Vilka arbetsmoment förekommer i kraftstationen som innebär kontakt med berggrund eller 

damm från berggrunden ?   

 

 

 

Q2. Ange hur ofta arbetsmomenten utförs ex dagligen, veckovis, x gånger per år.  

 

 

 

Q3. Ange genomsnittlig tid för hur länge respektive arbetsmoment pågår ex timmar per dag, 

timmar per vecka etc om det är möjligt att göra en uppskattning. 

 

 

 

Q3. Total arbetstid per dag, start och stopp, eventuell skiftgång samt notering av längre pauser 

och raster. Förekomst av fysiskt tungt arbete?  
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Q4. Vilken personlig skyddsutrustning används vid utförande ovan nämnda arbetsmoment? 

 

 

 

Q5. Nyttjas grundvatten i stationen?  Om ja, nyttjas vattnet som dricksvatten?  
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Appendix E. Risk analysis report of the field visits 
 

Riskanalys                        

Arbetsmiljö/miljö                       

                        

Anläggning Datum          Utgåva                   

Anjan, 
Järpströmmen, 
Krångede, 
Kvarnfallet and 
Stensjönfallet 

3-5/04/2019 

xx         

  

        

                        

Utfärdare: xx                     

Deltagare:  xx                    

                        

Anläggning 
Område / 
utrymme / 

anläggningsdel 
Arbetsmoment Risker Riskkälla 

S
a
n

n
o

li
k
h

e
t 

1
-4

 

K
o

n
s

e
k
v
e
n

s
 1

-4
 

R
is

k
fa

k
to

r 
 

R
is

k
fa

k
to

r 
e
ft

e
r 

å
tg

ä
rd

 

Förebyggande åtgärder 
Ansvarig 

för 
åtgärd 

Klart 
Datum 

Anjan, 
Järpströmmen, 
Krångede, 
Kvarnfallet and 
Stensjönfallet 

General  
Inside the tunnels 
of the hydropower 
plants 

Fall 
Stairs, slippery 
surface 

2 2 4 2  Safety shoes 

    

Hög/oacceptabel risk 12-16 

Mellanstor/ hanterbar risk 3-9 

Låg/acceptabel risk 1-2 

Grov indelning Riskfaktor 
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Anjan, 
Järpströmmen, 
Krångede, 
Kvarnfallet and 
Stensjönfallet 

Sampling Bedrock sampling 
Rock falling and 
rock fragments in 
the eyes 

Bedrock  2 2 4 2 Safety helmet and glasses 

    

Anjan, 
Järpströmmen, 
Krångede, 
Kvarnfallet and 
Stensjönfallet 

Sampling Water sampling 
Accidental spill 
of acid 

Acid dispenser 2 2 4 2 Usage of gloves and safety glasses 

    

Anjan, 
Järpströmmen, 
Krångede, 
Kvarnfallet and 
Stensjönfallet 

Sampling 
Water and rock 
sampling 

Noise from the 
aggregate drilling 
and crushing  

Ongoing 
operations on site 

2 2 4 2 Usage of hearing protection equipment 

    

Anjan, 
Järpströmmen, 
Krångede, 
Kvarnfallet and 
Stensjönfallet 

Sampling 
Water and rock 
sampling 

Risks with 
intefering with 
ongoing 
operations on 
the site 

Ongoing 
operations on site 

2 2 4 2 
Contact with operations manager on the 

sites- And having guides with good 
knowledge of the risks on the sites 

    

 
 
  



 
 

6/13/2019   
  

 
 
 

 

 

 

 

 

 

 

 

 

 

TRITA-ABE-MBT-19694 

ISRN 1 

www.kth.se www.kth.se 

www.kth.se 

http://www.kth.se/
http://www.kth.se/
http://www.kth.se/

