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ABSTRACT

In scattered resident development areas like Kirkkonummi, there are a lot of people not 

having access to municipal water sources. Such households typically take their drinking

water from a well. The purpose of this essay is to study and compare the water quality 

of such wells against the Finnish water quality standards. 

Kirkkonummi, which is in southern Finland, is located in an area that has high radon 

levels.  The landscape of Kirkkonummi has a lot of solid-rock, which is the main 

reason for high radon values, since it is able to diffuse through rock and soil. Radon is 

also highly soluble in water, making it possible to seep into drinking water and 

therefore causing the radioactivity to enter into the human body. Liquid scintillation 

analyser was used to determinate the radon activity in the drinking water.

I also investigated the fluoride concentration of the drinking water to get an idea of the 

overall water quality. Fluoride, if consumed at high doses, can weaken bones and  

reduce the quality of the tooth enamel.  Fluoride concentration was determined using 

the method defined in the Finnish standard Potentiometric determination of fluoride of 

water (SFS 3027).  

Lastly, pH of the samples were analysed. Too acidic or basic water has a negative effect

to the digestive system. pH values were determined using potentiometric determination 

as defined in the Finnish standard Determination of pH-value of water (SFS 3021).

My results showed relatively high number of locations where drinking water is 

potentially a health risk (about 30%), without the well owners being aware of that. This

means that the voluntary control of well water quality does not work well enough in 

practise. In my opinion well water quality checks should be made compulsory or the 

municipalities should provide the well water quality tests for free. 
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1. Introduction 

I live in a place called Kirkkonummi in Finland. It is a scattered resident development, 

which means that municipal water supply is not available to all residents. Therefore 

such households usually get their water from a well. The problem that results from this 

is that people don't usually follow the quality of the water, because it is not compulsory. 

Finland has water quality standards that have to be met everywhere in Finland. There 

are limits to concentrations of various chemicals, such as radon (< 1000 Bg/l) and 

fluoride (< 1,5 mg/l).
1
 
2

Radon is the most known in the list, because it is highly present in Kirkkonummi area 

(Appendix D), because of its landscape. There is a lot of radon in soil and rocks and it 

usually is present in drinking water.
2
 It is a radioactive chemical, so it has negative 

effects on humans if digested or inhaled, for example it increases the possibility of lung 

cancer.

I wanted to find out how much radon is actually present in drinking water taken from 

wells in Kirkkonummi, check the water quality (fluoride and pH) and find out whether 

people even know the condition of their own drinking water. This also achieves my 

personal goal of writing an essay that has a practical impact rather than being only 

theoretical. 

To do this experiment, I needed more sophisticated equipment than my high school can 

offer, so I asked the Helsinki Metropolia University of Applied Sciences if I could use 

their laboratory. Fortunately I got the permission to access it for two days.

I asked some people that have their own well to take part in the research project. The 

participants got a free water analysis that enabled them to take actions against the health

risks found.  My proposal was well received, because normally such analysis is costly 

and many had never had it done before. 

2. Research question

Investigating radon, fluoride and pH levels in water taken from wells in 

Kirkkonummi area using liquid scintillation counting, potentiometric determination 

and pH electrode and comparing the results to quality standards for drinking water to 

find possible health risks.

1 Keinänen-Toivola Minna M., Ahonen Merja H., Kaunisto Tuija, Talousveden laatu Suomessa vuosina 1984-2006, 

Vesi-instituutti/Prizztech Oy, Turku, 2007, p.13-14, accessed 1 July 2014

2 Finnish Radiation and Nuclear Safety Authority (STUK), Juomaveden radioaktiivisuus, pdf, 

<http://www.stuk.fi/sateily-

ymparistossa/radon/fi_FI/mita_radon_on/_files/89705092382924747/default/juomaveden_radioaktiivisuus_huhtiku

u_2008.pdf>, accessed 1 July 2014

1
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3. Background information

3.1 Radon

Radon (Rn) is a radioactive chemical element and its atomic number is 86, which makes

it a noble gas. Noble gasses will not usually combine with other chemicals, since they 

already have eight outer electrons and have an octet. It is odorless, tasteless and 

colourless, which makes it impossible to realise its presence without proper tools.
3
 

Radon-222 is one of the seven different isotopes of radon, which is the most known 

form of radon, since it is present in the atmosphere and also in ground water, for 

example well water. It is highly soluble in non-polar solvents and cold water. Radon 

also mixes with air and is able to diffuse through rock and soil. 
4

Radon-222 is a radioactive decay product of radium-226, which is another radioactive 

chemical. Radioactive decay is a phenomenon, where the nucleus of an element has 

unbalanced ratio of neutrons and protons, which makes it unstable. Thus it will try to 

achieve a stable state by emitting particles. The part of a decay chain of radon-222 is 

showed in Figure 1.
4

The number under each of the isotopes is the half life of that isotope. Half life of an 

isotope refers to the time it takes to half of the isotope to decay. For example, if we take 

100g of radium-226, after 1602 years, 50g of it has decayed. After the next 1602 years, 

25g of it will be decayed leaving 25g of radium-226 and so on. 
5

3 –, Radon, (US environmental protection agency), last update on 13 February 2013, 

<http://www.epa.gov/radiation/radionuclides/radon.html#basics>, accessed 3 July 2014

4 --, Characteristics of radon, (text from Environmental health sciences, University of Minnesota), 

<http://enhs.umn.edu/hazards/hazardssite/radon/radonintro.html>, accessed 3 July 2014

5 K. A. Tsokos, Physics for the IB diploma, Cambridge University Press, UK, 2012

2

Figure 1: Decay chain for Radon-222 4

Uranium-238
(4,500,000,000 years)

Radium-226
(1602 years)

Radon-222
(3.8 days)

Polonium-210
(138 days)

Lead-206
(stable nuclide)
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There are three types of radioactive decay; alpha, beta and gamma decays. Alpha decay

means that inside the nucleus 2 protons and 2 neutrons leave the nucleus as an alpha 

particle, thus having mass number of 4 and atomic number of 2. Radon-222 is an 

example of alpha decay. When radon-222 decays, it loses mass number of 4 and atomic 

number of 2, so loses protons and becomes a different element. Therefore radon-222 

becomes polonium-210
6
:

Rn86

222 → Po84

218 + He2

4 6

Note that Radon-222 only emits alpha particles.
6

3.2 Measuring radon using Liquid Scintillation Analyser

Liquid scintillation analyser is used in laboratories to measure radiation of different 

radioactive chemicals and elements and therefore can also be used to measure the radon

contents of a water sample. Usually it is used to measure beta emission, but it can also 

measure alpha and low energy gamma emissions.
7

The method is called liquid scintillation counting. It takes advantage of the fact that 

alpha and beta particles can transfer energy to matter without causing ionization but by 

excitation. Liquid scintillation relies exclusively on this property to measure how much 

of a radionuclide is present.
8

The method is visualised in the Figure 2.

First of all, a container contains two different liquids; the sample to be tested and the 

scintillation cocktail. The cocktail is a mixture of 3 chemicals (solvent, emulsifier, and 

fluorine) which produces light flashes when it absorbs the energy of a particulate 

radioactive decay.
9

6 'Types of decay', [online video], 2009, https://www.youtube.com/watch?v=3koOwozY4oc#t=740, (accessed 3 July 

2014)

7 –, Radio active isotopes and ionizing radiation, Department of Biology, University of Copenhagen, 

<http://www2.bio.ku.dk/isotopkursus/english/Course/Course_materials/Course_Manual/PDF/Isotope_Course_Manu

al_Laboratory9.pdf>, accessed 5 July 2014, page 297

8 - -, Tutorial 4.2 Liquid Scintillation counting, (US environmental protection agency), 

<http://www.epa.gov/safewater/radionuclides/training/transcripts/tutorial_4.2.pdf>, accessed 5 July 2014

9 - -, Liquid scintillation counting, (University of Wisconsin-Milwaukee, Environmental health, safety and risk 

3

Figure 2: Phases of liquid scintillation counting9
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Liquid scintillation counting starts with an alpha or beta particle emitted in radioactive 

decay. In the rather dense liquid, the particles only travel short distances before their 

kinetic energy is absorbed by the medium in forms of heat, ionization and excitation. 

Some of the alpha energy is absorbed by solvent molecules making them excited.
10

The excited solvent then emits its energy as UV light, causing the solvent molecule to 

go back to its ground state. The energy passed by the excited solvent molecule also 

transfers to the fluorine. This results in an distribution of the orbital electron cloud of 

the fluorine, which raises it to a state of excitation. When the fluorine then goes back to 

ground state it emits blue light flashes. The scintillation constitutes of the total number 

of photons from the excited fluorine molecules. The alpha particle’s initial energy is 

proportional to the intensity of the light from fluorine molecules.
10

The blue light emitted from the fluorine molecules is then caught by photo cathode of 

the Photo-Multiplier Tube (PMT) shown in Figure 2 which converts them into electrical

pulses. By summing the amplitude of the pulses from each PMT, an output is obtained 

which is proportional to the total intensity of the scintillation.
10

The amplitude is then converted to a digital value representing the particle energy and is

sent to the analyser, where it is compared to digital values of each of the channels of the

liquid scintillation counter. This is how liquid scintillation analyser provides 

information about the energy of the radiation or the amount of radioactive material 

dissolved in the cocktail.
10

management, radiation safety program), <https://pantherfile.uwm.edu/groups/sa/usa/public/RAD/HANDOUT.pdf>, 

accessed 5 July 2014

10 Liquid scintillation counting , op. cit. 

4

Figure 3: Collision process of the radioactive particle with the solvent10
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But the question is how do we know if the radiation is alpha or beta particles. Since Rn-

222 emits alpha particles we have to differentiate between those two different 

emissions.

The difference is in their energy that they emit. The energy of a typical alpha particle is 

around 4-6 MeV and in the case of Rn-222, it is 5.49 MeV. It is more energetic than 

beta particle (>2.5 MeV).
11

3.3 Fluoride

Fluoride (F
-
) is a reduced form of fluorine (F), which means that it is always bonded to 

some other element i.e it is an ion. Fluorine does not occur in nature because of its high 

reactivity, therefore it occurs in forms of fluorides in minerals. The oxidation state of 

the fluoride is -1 like any other halides. There are many different compounds containing

fluoride in the earth, from potent toxins such as sarin to efavirenz, which is a life saving

pharmaceutical. This wide range of different fluoride forms is a result of fluorine being 

able to form compounds with all of the elements except helium and neon.
12

Fluoride has both positive and negative effects on humans. One of the positive effects is

the fact that fluoride prevents dental caries. But when fluoride is taken at high doses, it 

will reduce the quality of the tooth enamel. It also has a tendency to move to the bones 

and make them more fragile. 
13

 The maximum value for fluorde concentration in 

drinking water is 1.5 mg/l.
14

Fluoride is found in drinking water, because some fluoride compounds, such as 

hydrogen fluoride (HF), sodium fluoride (NaF) and fluorocilicates (Na
2
SiF

6
) dissolve 

easily into ground water when the water moves between the gaps of rocks. That is why 

it is one of the compounds that are tested all over the world to prevent health problems.
15

3.4 Measuring fluoride using potentiometric determination

Potentiometric determination is used to measure the fluoride contents of a water sample.

Potentiometry allows for the determination of concentration in a variety of samples over

a large concentration range. It uses a equipment which has internal and external 

reference electrodes. Around the internal reference electrode, there is an ion-selective 

electrode, which has a thin membrane capable of binding only with the intended ion (in 

this case fluoride). 
16

11 Charles J. Passo Jr., Handbook of Environmental Liquid Scintillation Spectrometry, Packard A Camberra Company, 

Meriden, USA, 1994, p 44-45, accessed 10 July 2014

12 - -, 'Fluoride', Text from Wikipedia, the free encyclopedia, 

<http://www.chemistryexplained.com/knowledge/Fluoride.html>, accessed 11 July 2014

13 - -, 'Fluoride', <http://demo.seco.tkk.fi/tervesuomi/item/ktl:11305>, published 18 June 2006,  accessed 11 July 2014

14 Keinänen-Toivola Minna M., Ahonen Merja H. and Kaunisto Tuija, Talousveden laatu Suomessa vuosina 1984-

2006, Vesi-instituutti/Prizztech Oy, Turku, 2007, p.14-15, accessed 11 July 2014

15 - -, 'Basic information about fluoride in drinking water', (US Environmental Protection Agency), 

<http://water.epa.gov/drink/contaminants/basicinformation/fluoride.cfm#one>, (last update on 23 July 2013), 

accessed 11 July 2014

16 Daniel C. Harris, Quantitative Chemical Analysis, New York, W. H. Freeman and Company, 2010, p.314-315

5
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The ion-selective electrode in the Figure 4 is called a liquid-based ion-selective 

electrode, because the membrane is a hydrophobic organic polymer impregnated with a 

viscous organic solution containing a ion exchanger and a ligand that selectively binds 

the analyte cation (in this case into C
+ 
). In this figure C

+ 
represents the fluoride, which 

is meant to be measured. The inside of the electrode contains a filling solution with the 

ions B
-
 (aq) and C

+ 
(aq). The outside is immersed in analyte solution containing A

-
 (aq) 

and C
+
 (aq). The idea of potentiometry is measuring the electrical potential difference 

across the ion-selective membrane by two reference electrodes. Ideally, it doesn't matter

what A
-
 and B

-
 and the other ions are. When the concentration of C

+
 in the analyte 

solution changes, the voltage (electrical potential difference) measured between the 

electrodes also changes.
17

3.5 Determination of pH-value of water

pH scale is a way of expressing the acidity of a aqueous solution based on the 

concentration of the hydrogen ions in a scale from 0 to 14. 

17 Daniel C. Harris, op. cit. 

6

Figure 4: Liquid based ion-selective electrode17
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Too acidic or basic water has a negative effect to the digestive system and corrosive 

water might damage water pipes. 
18

Since many used acids are weak, the hydrogen ion concentration expressed directly as 

mol/dm
-3
 gives numbers with large negative exponents. The definition for the pH is 

following
18

:

pH = -log
10

[H
+
]

[H
+
] = 10

-pH

For example if solution contains [H
+
]=0.1 mol/dm

3
 → [H

+
]=10

-1
 mol/dm

3
, meaning pH 

of 1
18

The measuring of the pH in the solution works the same way as the potentiometric 

determination except that only one electrode is used.

4. Method 

4.1 Taking the water samples from various places in Kirkkonummi

24 test tubes with screwable plastic lids (Picture 1) were prepared. They were then 

numbered from 1 to 12 so that there are 2 test tubes for each well. One test tube was 

used for determining radon activity and the other for fluoride and pH measurements.

The sample locations are shown in Figure 5. Because it is impossible to take the 

samples at the exact same time, the sample times were recorded and were taken into 

account for the calculations. 

The sampling procedure was to let the cold water run for 5 minutes to get the impurities

out of the pipes to reduce one error source. Then a test tube was fully filled with water  

and  the lid was closed tightly to prevent the loss of radon and other chemicals. After 

the water samples were taken, they were put into a refrigerator to prevent evaporation. 

Samples were logged in Table 1.

18 Catrin Brown and Mike Ford, Standard level Chemistry, Edinburgh Gate, Pearson Education Limited, 2008

7
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8

Picture 1: The test tubes used in the experiment 

Figure 5: Specific locations where the water samples were taken in Kirkkonummi
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Table 1: Background information about the samples

Sample number How was the

sample taken

When was the

sample taken

What kind of

water/well 

What kind of soil Additional

information

1 From the tap 17:25 10.6.14 Drilled well,

180 metres deep

Solid rock-based 

moraine

-

2 From the tap 18:10 10.6.14 Drilled well, over 

100 metres deep

Solid rock-based 

moraine

Contains iron, 

tested before

3 Sample 3 could not be taken because well owner was not present. 

4 From tap, outside 18:35 10.6.14 Drilled well, 80 

metres deep

Solid rock-based - 

5 From tap 16:50 10.6.14 Drilled water, 5.5 

year old 

Solid rock-based, 

peninsula

-

6 Straight from the 

well

20:54 10.6.14 Well Clay-, silt land -

7 From tap 16:32 10.6.14 Drilled well Next to a beach -

8 From tap, outside 21:23 10.6.14 Drilled well, 60 

metres deep

Solid rock based 

moraine

-

9 From tap 19:45 10.6.14 Drilled well, 121 

metres deep

Solid rock-based Calcareous

10 From tap 21:59 10.6.14 Drilled well, 87 

metres deep

Solid rock based 

moraine

-

11 Straight from the 

well

23:01 10.6.14 Drilled well Clay based land -

12 From tap 18:30 10.6.14 Drilled well Solid rock-based Occasionally 

smells like a 

”cellar”

4.2 Determination of radon from water using liquid scintillation 
analyser

The water samples were held in an environment with a temperature about 5 °C to 

prevent the loss of radon. Additionally, the samples should be less than a day old, which

was achieved by gathering the samples in the evening and then doing the experiment 

the next morning.
19

Firstly, a 30 ml plastic syringe was used to take 10 ml of Opti-Fluor O liquid (used as a 

”cocktail”) and then 10 ml of water sample was added to the same syringe. Then the 

contents of the syringe was put into a liquid scintillation bottle (22 ml). The bottle was 

then gently shaken for about 5 times to mix the liquids inside. These were then let to 

settle down for 3 hours before actually measuring the radon contents.
20

The actual measuring of the radon contents is done with a QuantaSmart-program in 

Perkin Elmer Tricarb 2800TR Liquid Scitillation analyser (Pictures 2 and 3). It will 

measure the counts per minute of the sample, from which radon content is calculated.
20

Result sheets printed from QuantaSmart program can be found in Appendix E. 

19 Zouridakis N., Ochsenkuhn K. and Savidou A., Determination of uranium and radon in potable water samples, 

Journal of Environmental Radioactivity, 2002, p.225, 232

20 Zouridakis N., Ochsenkuhn K. and Savidou A., op. cit. 

9
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4.3 Potentiometric determination of fluoride of water

This method is based on the standard provided by the Finnish Standards Association 

(SFS 3027). 

To perform this experiment, four reagents were made. First one is 5 mol/l of sodium 

hydroxide (NaOH). It is made by dissolving 40 g of sodium hydroxide into a water and 

10

Picture 2: Quanta smart program on Perkin Elmer Tricarb 2800TR Liquid Scintillation Analyser

Picture 3: Perkin Elmer Tricarb 2800TR Liquid Scintillation Analyser (image source: 

http://www.srmgenetics.info/2012/05/scintillation-counter-modeltri-carb.html)



Riki Oura

then adding water so that you will have 200 ml of the liquid in total.
21

The second reagent was a buffer solution with pH of 5.0-5.5. 57 ml of concentrated 

acetic acid (CH₃COOH, density of 1.05 g/cm³) and 58 g of sodium cloride (NaCl) to a 

500 ml of water in a 1000 ml beaker. This was done in a fume cabinet. The solution was

then mixed with a magnetic stirrer until all the salt was dissolved.
21

After the solution had cooled down to room temperature, 4 g of CDTA (C14H22N2O8 + 

H2O, [1.2-Cyclohexanediyldinitrilo] tetra-acetic acid) was added. After that, the first 

reagent, sodium hydroxide (NaOH), was slowly added to the second reagent solution so

that the pH of the solution was between 5.0 to 5.5. Then it was stirred so that all of the 

CDTA dissolved. Solution was then cooled down to a room temperature and poured to a

1000 ml flask. Distilled water was then added to the 1000 ml mark and solution was 

stored in a tightly closed polyethylene glass flask.
21

Next, a 10 mg/l fluoride standard solution was made by using 100 mg/l solution and 

then diluting it to 10 mg/l. To make 100 mg/l fluoride standard solution, 0.2210 g of 

sodium fluoride (NaF) is dissolved into water in 1000 ml flask. Water was then added to

meet the 1000 ml mark. To make the solution into 10 mg/l, 10.0 ml of the already made 

fluoride solution is put into a 100 ml volumetric flask with a pipette and water is added 

to meet the 100 ml mark.
21

The measuring of fluoride contents was done with a pH-meter (Picture 4) with a 

fluoride electrode and external reference electrode.
21

Electrodes have to be calibrated before the measuring of the samples. So 1.0, 2.0, 5.0, 

10.0, 20.0 ml of fluoride standard solution are put into their own 100 ml flasks and 

water is added to the 100 ml mark, so that there are 0.10, 0.20, 0.50, 1.00 and 2.00 mg/l 

of fluoride in the flasks respectively. When these were measured with the electrodes 

from smallest fluoride content to the highest, the electrode calibration is completed, 

which allows us to start measuring the samples.
21

First, 25.0 ml of the sample and 25.0 ml of the buffer solution are put together into 100 

ml plastic beaker. The solution was then mixed with a magnetic stirrer during the whole

time it takes to complete the measurement. Electrodes were held there for at least 3 

minutes or until it shows a stable number. Every sample was done the same way and 

after every measurement, the electrodes were cleaned with distilled water and dried 

with a absorbing paper.
21

21 - -, 'Potentiometric determination of fluoride of water', SFS-standard (SFS 3027), Downloaded by Helsinki 

Metropolia University of Applied Sciences, 2013

11
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4.4 Determination of pH-value of water

This method is based on the standard provided by the Finnish Standards Association 

(SFS 3021). 

pH measurements were done with the same pH-meter as with the fluoride, but with 

different electrode. That means that buffer solutions are needed for calibration. Because 

pH of well water is usually neutral, buffer solutions with pH of 6.87 and 9.18 were 

used, so that all samples fit within the range.
22

Buffer solution with pH of 6.87 was made by dissolving 3.39 g dried monopotassium 

phosphate (KH2PO4) and 4.43 g of dried disodium phosphate (Na2HPO4) with water 

into 1000 ml flask. Then it was diluted with water to the 1000 mark.
22

Buffer solution with pH of 9.18 was made by dissolving 3.80 g of sodium borate 

(Na2B4O7 + 10H2O) into water. It was also put into 1000 ml flask and diluted to the 

mark.
22

Procedure of this experiment is almost the same as the fluoride one. First the electrode 

was calibrated with the buffer solution with closest pH to the samples (so with 6.87) 

and then with the other. When that is done, samples are held in a water bath with 

constant temperature of 25 °C and followed by measurement of the pH of the samples 

one by one. Electrode was again cleaned after every measurement.
22

22  - -, 'Determination of pH-value of water', SFS-standard (SFS 3021), Downloaded by Helsinki Metropolia 

University of Applied Sciences, 2011

12

Picture 4: pH meter with ion-selective electrode for fluoride
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4.5 Variables

In this whole experiment, the independent variable is the different samples and 

dependent variable the activity of radon, concentration of fluoride and pH. Controlled 

variables can be found in the Appendix A.

5. Raw data and summary of data

5.1 Raw data of the radon measurements

Table 2: Raw data table with the data taken from the liquid scintillation analyser for every sample

Sample number Count time (min) Counts per minute (CPM) 

Control 60 33

1 60 703

2 60 229

3 - -

4 60 6119

5 60 416

6 60 18

7 60 1463

8 60 2827

9 60 497

10 60 524

11 60 240

12 60 1902

5.2 Raw data of the fluoride measurements

Table 3: Calibration values of the fluoride experiment  

Calibration

Concentration of fluoride (mg/l ) Potential (mV ±1 mV)

0,1 200

0.2 183

0,5 160

1 142

2 127

13
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Table 4: Raw data table with mV of the fluoride samples 

Sample Potential (mV ±1 mV)

1 181

2 144

3 -

4 151

5 138

6 182

7 140

8 138

9 140

10 138

11 187

12 146

5.3 Raw data of the pH measurements

Table 5: Raw data table of pH values of the samples with uncertainties

Sample number Measuring temperature

(±2 °C)

pH (±0.01)

1 25 6,75

2 25 8,07

3 - -

4 25 7,27

5 25 8,21

6 25 6,30

7 25 7,73

8 25 7,78

9 25 7,95

10 25 7,68

11 25 6,77

12 25 6,42

14
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6. Data processing and analysis

6.1 Radon

Radon activity (Bg/l) in the samples can be calculated using the following formula
23

:

A=N∗0.328∗100∗0.017∗e
(λt )/(5∗0.964)

Where,

A=Radon activity (Bg/l)

N=Samples result, Counts per minute (CPM)

0.328= multiplier, which takes into account the strength of the liquid scintillation 

cocktail (305%)

100= multiplier, to get the answer in litres rather than in 10 ml

0.017= multiplier, deconposition per minute to Bq 

λ= Rn
222

dissociation constant ( 1.3∗10
−4

min
−1

)

t= the time between the taking the sample and experimenting with the sample (min)

5 = multiplier, which takes into account the 5 different products from radon 

decomposition (3 alpha- and 2 beta particles)

0.964=The radon portion in the Opti-Fluor cocktail

As an example, the radon activity in sample 1 would be calculated as following: 

A=703∗0.328∗100∗0.017∗e
(1.3∗10

−4∗1355)/(5∗0.964)

A=407 Bg /l

Results are stored in Table 6.

23 Zouridakis N., Ochsenkuhn K. and Savidou A., op. cit.
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Table 6: Final results of the radon activity (Bg/l) with times which were used in the calculations

Sample Counts per

minute (CPM)

Time when sample

was taken (the day

before)

Time when the

experiment started 

Total time to the

measuring to

take place (min)

Radon activity

(Bg/l)

Control 33 9:00 (same day) 15:00 360 19

1 703 17:25 16:00 1355 407

2 229 18:10 17:00 1370 132

3 - - - - -

4 6119 18:35 18:00 1405 3544

5 416 16:50 19:00 1570 242

6 18 20:54 20:00 1386 10

7 1463 16:32 21:00 1708 854

8 2827 21:23 22:00 1477 1640

9 497 19:45 23:00 1635 290

10 524 21:59 0:00 1561 305

11 240 23:01 1:00 1559 140

12 1902 18:30 2:00 1890 1116

6.2 Fluoride

To find out the fluoride concentration in the sample, we need to draw a calibration 

curve, which will be used to calculate the concentration of fluoride. 

16

Figure 6: Radon activity (Bg/l) of drinking water from different locations in Kirkkonummi
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After the line is drawn, the equation of the line will be the formula for calculating the 

fluoride concentration. It will be the following
24

:

y=−24.620 ln (x )+143.137

y−143.137=−24.620 ln(x )

24.620√e
(− y+143.137)= x

Here, the value for the y is the potential (mV), which the electrode gave during the 

experiment.

Table 7: Final results of the fluoride concentration (mg/l) with the potentials respectively

Sample Potential (mV ±1 mV) Fluoride concentration (mg/l)

1 181 0,22

2 144 0,97

3 - -

4 151 0,73

5 138 2,46

6 182 0,21

7 140 2,27

8 138 1,23

9 140 1,14

10 138 1,23

11 187 0,17

12 146 0,89

24 SFS-standard (SFS 3027), op. cit. 
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6.3 pH

In Figure 10 the red line represents the recommended maximum pH level and the 

yellow line represents the recommended minimum pH level defined by the Finnish 

drinking water regulation. 

18

Figure 9: Fluoride concentration (mg/l) of all the samples

Figure 10: pH values of all the samples with recommended maximum and minimum pH levels
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7. Conclusion 

Combining my data with the limit of radon activity (1000 Bg/l) provided by the Finnish 

Radiation and Nuclear Safety Authority (STUK), I could determine that three locations 

out of 11 (samples 4, 8 and 12) contained too much radon, one of them having over 3.5 

times the limit. According to STUK reports, the average radon activity in Kirkkonummi

is 1426 (Bg/l).
25

Looking at the soil types in Table 1, we can see that locations with high radon activity 

had a solid-rock based ground, while samples with low radon activity were taken on top

of a clay/silt ground. The results match well with the expectations as radon-222 mixes 

with air and is able to diffuse through rock and soil.
26

 As a whole about 30% of the 

samples had higher radon content than the water quality standards allow. 

Through the calibration, I could compare and find the concentration of fluoride in 

drinking water. The recommended concentration of fluoride is below 1.5 mg/l provided 

by the official list of the drinking water regulation
27

. My results showed that two spots 

(sample 5 and 7) were found to contain high concentration of fluoride. So this means 

that nearly 20% of the samples were over the limit set by the standard and thus forming 

a health risk.

The pH experiment did not find any health risks. Most of the samples were between pH 

7 to 8 with some small exceptions. While almost 20% of the samples had a lower pH 

that it is recommended, the deviations were too small to have any significant impact.

As a summary, my results showed relatively high number of locations where drinking 

water is potentially a health risk, without the well owners being aware of that. This 

means that the voluntary control of well water quality does not work well enough in 

practise. In my opinion well water quality checks should be made compulsory or the 

municipalities should provide the well water quality tests for free. 

The family whose drinking water showed a very high activity of radon (sample 4), 

informed me that they ordered a professional analysis of their water because of my 

results. They got the same results as my experiment, which resulted in them buying a 

radon filter to their well. Therefore the work achieved a practical and concrete impact.

25 P. Vesterbacka and K. Vaaramaa, Porakaivojen radon- ja uraanikartasto, STUK-A256, 2013

26 Characteristics of radon, (text from Environmental health sciences, University of Minnesota), op. cit. 

27 Keinänen-Toivola Minna M., Ahonen Merja H. and Kaunisto Tuija, op. cit. 

19



Riki Oura

8. Evaluation 

8.1 Random and systematic errors with improvements

ERROR SOURCE: Firstly, one of the potential error source is the fact that the water 

was taken differently in some of the samples. Some were taken straight from the well, 

while others from the tap or even from the tap outside. The error here is that the water 

goes through the different tubes if the water is taken from the tap, so it catches different 

substances before it comes out. 

MITIGATION: While taking the water sample, I let the water go for a few minutes to 

reduce the amount of possible impurities. It might have been good to measure the time 

exactly.

ERROR SOURCE: All the equipment has some sort of error margins. For example 

100 ml volumetric flask has an uncertainty of ± 0.08 ml and 25 ml volumetric has an 

uncertainy of ± 0.03 ml. Rest of the errors from the equipment with error calculations 

are listed in Appendix C. 
28

MITIGATION: Equipment with the smallest possible uncertainty was used in this 

experiment, so it will be very hard and expensive to try to correct this error.

ERROR SOURCE: Since the liquid scintillation analyser can analyse one sample at a 

time and it takes 60 minutes to get one done, the samples will be analysed at the 

different times. Since radon slowly evaporates into the atmosphere, it might have had a 

slight effect on results. Also the samples were taken at different times, because it is 

impossible to take the samples at the same from that wide of an area. 

MITIGATION: While the time had an effect to the results, the lids of the test tubes 

were sealed complitely and the actual analysis was done the very next day. Therefore it 

didn't have any significant errors to the results. Times were also accurately logged and 

taken into account in calculations.

8.2 Handling of a exceptions in fluoride calibration curve

As you can see on the Figure 8, there are 2 samples that were above the calibration 

curve. This means that the result will not be very accurate, since the electrode has not 

been calibrated to those values. 

This problem can be solved simply by diluting the sample to half with water. It is then 

treated as a normal sample and the method for measuring the fluoride will be the same 

as before. 

First of all the 25 ml of the sample is mixed with 25 ml of water. Now it has been 

diluted to half, so it will be mixed with 25 ml of the buffer solution like it would be 

done normally. Now the potential will be in the calibration curve. Using the formula, we

will get the fluoride concentration of the problematic solutions, but the result will then 

28 J. S. Fritz and G. H. Schenk, Quantitative Analytical Chemistry, 3rd ed., Allyn & Bacon, Boston, 1974, p. 560  

accessed 10 August 2014
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have to be doubled, since it had been diluted to half. Samples in question were sample 

numbers 5 and 7. 
29

29 SFS-standard (SFS 3027), op. cit.

21

Figure 8: Concentration of fluoride of the samples on a calibration curve
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Appendix A – Controlled variables

Table 8: Controlled variables

Control variables How they were controlled Why they were controlled

Temperature All the samples were stored the same 

way in the refrigerated storage and at 

the same time. Also during the pH 

experiment, the temperature was kept 

constant with the water bath. 

Water evaporation can be affected 

with the temperature. If some of the 

samples were not put into the 

refrigerating store, they would have 

lost more water and therefore more 

radon for example. 

Equipment Test tubes, which were used to take 

the water were all the same  and didn't

have any exceptions. Also every 

procedure was done with the same 

equipment to every sample. 

It would affect the results, because 

different equipment has different 

uncertainties. For example 50 ml 

beaker and 100 ml beaker. 

Time Every sample in liquid scintillation 

analyser were analysed 60 minutes 

each. Also in the fluoride experiment, 

water samples were being analysed 

with the electrodes for the same 

amount of time for each sample. 

This is done to then be able to 

compare them. For example if one 

sample was analysed for 65 minutes, 

it would take the light flashes seen 

during the 5 extra minutes into 

account and probably change the 

result. Same reasoning to the fluoride 

experiment.

pH In the fluoride experiment, the buffer 

solution was used to lower the pH to 

5-8. 

Fluoride electrode reacts to hydroxide 

ions, which affects the determination. 

If the pH is lower than 8, it will not 

affect the results. 
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Appendix B – Equipment and chemicals with uncertainties

Determination of radon activity of the water

Equipment:

• Perkin Elmer Tricarb 2800TR Liquid Scintillation Analyser 

• 30 ml plastic syringe ±0.5 ml

• 22 ml liquid scintillation bottle (not used to measure anything)

Chemicals: 

• Opti-Fluor 

Determination of fluoride concentration of the water

Equipment:

• pH-meter  ±1 mV

• Fluoride electrode

• External reference electrode

• Magnetic stirrer with the magnet

• 1000 ml beaker ±10 ml

• 200 ml beaker ±1 ml

• 250 ml beaker ±1 ml

• 100 ml beaker ±1 ml 

• 25 ml volumetric pipette ±0.03 ml

• mechanical pipette 

• Weighing scale ±0.01 g

Chemicals:

• Sodium hydroxide (NaOH)

• Acetic acid (CH3COOH)

• Sodium chloride (NaCl)

• 1.2-Cyclohexanediyldinitrilo tetraacetic acid (C14H22N2O8 + H2O)

• Sodium Fluoride (NaF)

Determination of the pH of the water

Equipment:

• 12 test tubes

• pH-meter ± 0.01 pH

25
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• 1000 ml beaker ±10 ml

• Magnetic stirrer

• Water bath ±2 °C

• Weighing scale ±0.01 g

Chemicals:

• Distilled water

• Monopotassium phosphate (KH2PO4)

• Disodium phosphate (Na2HPO4 + 2H2O)

• Sodium tetraborate (Na2B4O7 + 10H2O)

26
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Appendix C – Error calculations

Determination of fluoride concentration of a water sample standard was used and 

checked in 111 laboratories. Water sample with 0.85 mg/l was used. The results were 

the following
30

:

Relative standard deviation was ±3.6% and the relative error was -0.7% 

According to the determination of the pH of the water standard, if the equipment are in 

a good shape, repeatability of ±0.02 pH and ±0.05 pH accuracy can be achieved.
31

30 SFS-standard (SFS 3027), op. cit.

31 SFS-standard (SFS 3021), op. sit. 
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Appendix D – The average radon activity in drilled wells in 
Finland

The Finnish Radiation and Nuclear Safety Authority (STUK) has published data of 

radon activity in drilled wells in all municipalities in Finland.
32

32 http://www.stuk.fi/sateily-

ymparistossa/talousvesi/fi_FI/esiintyminen/_files/89705092445382432/default/vesikartta2.pdf, accessed 19 

September 2014
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Appendix E – Result sheets printed from QuantaSmart 

Because of the absence of sample 3, the numbers on these do not represent the samples 

respectably. Number 1 is the control, number 2 is the sample 1 and number 3 is the 

sample 2. Then it continues normally from there with number 4 being sample 4 and so 

on. 

Printed reports are in the following pages.

29
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