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Abstract: The article presents an example of producing a research paper by students aged between 14 and 15 years. Their research 

paper focused on examining the pollution of water sources in the vicinity of school. With the help of the colorimetric method we established 

the concentration of nitrates, nitrites, ammonium ions and phosphates as well as the pH value. In the National Laboratory of Health, 

Environment and Food they took care of the microbiological analysis of water. We found out that none of the samples were in compliance 

with the standards of the sanitary quality of water as regards their microbiological attributes. Nonetheless, chemical water attributes did not 

exceed the permitted levels set by regulations for potable water.  

However, all of the analysed water samples could be used for irrigation and the watering of those plants that are further processed.  
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1. Introduction 

1. 1 The significance of water  

Planet Earth could be called the Water planet. Water is the 

basic constituent of our bodies, at the same time being the largest 

living space for numerous animal and plant species. For humans, 

clean fresh water is the precondition for survival, health and well-

being. We use water in households for drinking and preparation of 

food, we use it to irrigate farmlands and to cool overheated 

machines. The flowing bodies of water can be harnessed to 

produce hydroelectric energy. Fishing is in many areas an 

important source of food.  

Slovenia's wealth of water resources consists of rivers, 

springs, groundwater zones, waterfalls, natural and artificial lakes 

and the Adriatic Sea. High quality and healthy water resources are 

essential for our survival and development. The total length of 

Slovenian waterways is around 26 000 km, which implies more 

than a kilometre of watercourses per square kilometre of surface. 

Water performs also other important functions. Oceans, or 

rather marine organisms (phytoplankton and other plants), 

produce a third of world's oxygen. At the same time they bind (in 

the same way as land plants) a significant portion of carbon 

dioxide, which is generated mostly by the combustion of fossil 

fuels. The dangerous consequences of warming the Earth's 

atmosphere are thus reduced to some extent.1  

     Approximately 35% of tap water in Slovenia comes from 

surface waters, such as rivers and lakes, and 20% of the latter are 

under serious pollution threat. The remaining 65% of water comes 

from groundwater, which retains rainwater seeping into the soil. 

However, all water needs to be treated before consumption, as it 

may be contaminated with substances that can be washed into 

groundwater and surface water. These substances are various 

fertilizers, pesticides, toxic industrial chemicals or 

microorganisms, which enter water with human or animal waste. 2 

1. 2 Water pollution                                             

     The households pollute water the most with laundry and faeces. 

The water used for washing the laundry contains polyphosphates, 

perborates and a number of other compounds, which in many 

places bypass treatment plants and thus pollute surface waters. 

Agriculture pollutes water with artificial fertilisers, which are 

nitrogen, phosphorus and potassium compounds and are essential 

for the growth of plants. Nitrates and ammonium compounds are 

water-soluble. The industrial use of water is not limited to cooling. 

Some technological processes, such as washing, dissolution, 

dilution etc., are in most cases also done with water, and thus 

various other substances pass into water. The most problematic 

are heavy metals, which are, at higher concentrations, very toxic 

to humans.3 

1. 3 Chemical parameters  

The health adequacy of drinking water is determined by 

microbiological and chemical parameters. What follows is a list of 

chemical and microbiological parameters set for drinking water in 

accordance with Rules on drinking water. 4  

We have also added the description of the phosphate 

parameter, which is absent from the above mentioned Rules. 

     The pH value of water denotes its acidity degree or its degree 

of alkalinity. Rules on drinking water set the limit pH value at the 

range between 6,5 and 9,5.  

     Nitrates and nitrites are the natural form of nitrogen found in 

the environment. However, nitrates and nitrites appear also as a 

result of human activities: in artificial and natural fertilisers, 

municipal sewage and industry. In Rules on drinking water, the 

limit value for nitrate is 50 mg/L, and for nitrite, it is 0,50 mg/L. 

     Ammonia is well soluble in water, and ammonium ion (NH4
+), 

which is determined by analyses, is produced on reaction with 

water. In Rules on drinking water, it is classified as one of 

indicator parameters, with the limit value of 0,50 mg/L. 

    Most phosphates enter water through the leaching of artificial 

fertilisers from farmland or through sewage which contains 

cleaners, washing powders and detergents. In unpolluted water, 

concentrations do not exceed the value of 0,1 mg/l. Rules on 

drinking water do not set any limit values. 

1. 4 Microbiological parameters 

    Escherichia Coli. These bacteria are always present in great 

numbers in human and animal faeces, sewage and in water 

contaminated with faeces. The presence of  E. coli in drinking 

water proves without doubt that water has been fecally 

contaminated. The Rules on drinking water set the limit value for 

E. coli in drinking water at 0 /100 mL.  

    Enterococci. These bacteria, present in intestines or in human 

and animal faeces, are a reliable indicator of contamination with 

fecal matter. Since they are preserved in water for longer than E. 

coli, we consider their presence in drinking water, in which other 

bacteria has not been detected, to be older fecal contamination. 

According to Rules on drinking water, the limit value for 

enterococci in drinking water is 0/100 mL. 

    Microbial colony count at 22 °C. Using this parameter, we 

determine the number of bacteria which can be present in water as 

normal flora. Any sudden increase in the number of these bacteria 

can be an early indicator of disturbances at any point in the whole 
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system of drinking water supply. The temperature signifies the 

temperature at which we incubated them in the laboratory, 

implying also that these are primarily bacteria of non-fecal origin. 

The limit value for colony count at 22°C signifies, according to 

Rules on drinking water, "no abnormal change". The agreed limit 

value as regards the results of monitoring for colony count at 22°C 

is less than 100/mL.  

    Microbial colony count at 37 °C. This parameter determines 

the number of bacteria, which – as in the case of colony count at 

22°C – indicates the efficiency of water treatment procedures, 

proliferation of bacteria in the water distribution network due to 

congestions or increased temperature, subsequent invasions of 

bacteria into the system etc. These data are the starting point for 

assessing the condition of the whole system. In comparison with 

colony count at 22°C, the number of colonies at 37°C helps us 

estimate whether we may be dealing with bacteria of fecal origin. 

The limit value for colony count at 37°C is less than 100/mL. 5,6 

2. Experimental part 

This article presents an example of writing a research 

assignment undertaken by students aged between 14 and 15 years. 

Their research paper focused on examining the pollution of water 

sources in the vicinity of school.  

Ankaran is a town at the foot of the southern slope of the 

Muggia Peninsula. The latter is located in the Gulf of Trieste and 

extends between the Bay of Koper and the Bay of Muggia. The 

climate in Ankaran is submediterranean, characterized by long and 

hot summers, mild winters and frequent winds. Most precipitation 

is in autumn. In this region, people have always faced the lack of 

fresh water at the time of year when the growth of plants is at its 

most intense (spring and summer). To resolve this problem, the 

locals have always used all of the existing sources of fresh water 

available, i.e. streams and wells. 

This is why we decided to examine the state of some small 

streams and wells situated in the close vicinity of our elementary 

school, their possible chemical and microbiological pollution and 

thus check water's suitability for watering vegetables or even 

drinking.  

Sampling points are presented in the table below. 

Table 1: Sampling points 

Sample  number Sampling point 

1 Stream SV od šole – Regentova ulica 

2 Stream JZ od šole – nad šolskim igriščem 

3 Stream Valdoltra - plaža 

4 Stream Lazaret 

5 Well v Mladinskem zdravilišču Debeli rtič 

6 Stream Sv. Katarina  

7 Stream  Na Logu  

8 Stream križišče Hrvatini 

9 Well Jadranska cesta 

10 Well Ivančičeva ulica  

11 Stream Ivančičeva ulica 

 

2. 1  Hypotheses 

Before the experimental work we have set the following 

hypotheses: 

First hypothesis:  Nitrates and nitrites do not exceed limit values. 

Second hypothesis: The values of microbiological parameters are 

lower in wells than in streams.                                       
Third  hypothesis: The water from wells is fit for drinking as 

regards chemical and microbiological parameters                                 

2. 2  Structuring the experimental part 

    The experimental part of our research paper was divided in: 

 

    a) field work done in points for the abstraction of water. 

At particular sampling points, we collected water into the 

beaker and immediately measured water temperature. Next, we 

collected two samples – one into a half-liter vial for chemical 

analyses and the other into a sterile plastic container for 

microbiological analyses. Both containers had been properly 

tagged beforehand.  

We immediately put the plastic bottles into the cooler, 

refrigerated them overnight, and the next day we took them to the 

Centre for Microbiological Analysis of Food, Water and other 

Environmental Samples. 

Samples for chemical analyses were refrigerated too, and the 

analyses were made the very next day.  

b) Laboratory analyses done at school and at the Centre for 

Microbiological Analysis of Food, Water and other Environmental 

Samples. 

2. 3  Chemical analysis  

   Chemical analyses were done at school, in the Chemistry 

classroom. 

Analyses were based on the colorimetric method – rapid tests 

for ions on the basis of specific colour reactions. The intensity of 

the sample’s colour is compared to a ready-made colour scale with 

the help of which we read off ion concentration in the sample.. 

     2. 3. 1  The work procedure 

 Water samples were analysed with the help of the reagent 

case for water analysis MACHERY NAGEL visocolor ECO 

Analysenkoffer.  

The procedure for analysing any parameter is set out on the 

enclosed leaflet with a colour-comparing scale and manufacturer’s 

instructions. For determining each parameter, we used two 

containers with water samples, one of which was a control sample.  

      Here is an example of procedure for determining nitrates:  

    First, we washed the two containers with sample water, to make 

results more precise. We then filled them with sample water to the  

5 mL mark. One container with sample water was used for 

comparison. We added 5 drops of reagent NO3-1 into the second 

container, closed the container and shook it well. Then we added a 

small spoon of reagent NO3-2, stoppered the container, shook it 

for one minute and left it to stand for 5 minutes. After five 

minutes, we put both containers on the colour scale, compared 

them and read off the concentration of nitrate ions.  

Depending on the concentration of nitrates, the water showed a 

more or less intense orange colouring. (see fig. 1). The result was 

recorded in a table (see Results). 

 

    

 

 

 

 

 

 

                           Fig. 1: Determining nitrates 
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5  

2. 4  Microbiological analyses 

The Centre for Microbiological Analysis of Food, Water and 

other Environmental Samples provided the analysis of the 

following microbiological parameters: the presence of coliform 

bacteria, Esherichia coli, enterococci, the total bacteria count at 37 

°C and the total number of bacteria at 22 °C. The results are given 

in point 2.5. 

2. 5   Results of experiments 

       2. 5. 1 Nitrates in water 

    The results of nitrate analysis in water samples are shown in 

the table below. (see Table 2) 

 Table 2: Nitrate concentration in individual water samples 

The water 

sample  number 

The concentration of nitrates 

NO3
─   [mg/L] 

1 20 

2 10 

3 10 

4 10 

5 1 

6 20 

7 20 

8 5 

9 5 

10 1 

11 30 

The analyses’ results indicate that least nitrates were present in 

sample 5 – the well v Mladinskem zdravilišču Debeli rtič and 

sample 10 – the well Ivančičeva ulica; namely, the concentration 

was 1 mg/L. The largest concentration was determined in sample 

11 – the stream Ivančičeva ulica. In other samples, the nitrate 

concentration was 10 mg/L or 20 mg/L. According to Rules on 

drinking water, the limit value for nitrate is 50 mg/L. 

       2. 5. 2 Nitrites in water 

The results of nitrite analysis in water samples are presented in 

the following diagram: 

 

 

 

 

 

 

 

 

 

 

        
Fig. 2 Nitrite concentration in individual water samples 

The results of analyses show very low nitrite concentrations in 

all samples. In more than half the samples, nitrites were not even 

registered, while in the rest of the samples concentrations did not 

exceed 0,05 mg/L. In Rules on drinking water, the limit value 

determined for nitrite is 0,50 mg/L.(see fig. 2) 

       2. 5. 3 Ammnonium ion in water 

The results of the analyses determining ammonium ion in 

water samples are shown in the table below. (see Table 3) 

 

Table 3: Ammonium ion concentration in individual water samples 

The water 

sample  number 

The concentration of 

ammonium ion NH4
+   [mg/L] 

1 0,2 

2 0,2 

3 0,1 

4 0,1 

5 0,1 

6 0,1 

7 0,1 

8 0,1 

9 0 

10 0,1 

11 0 

 

The results of analyses point to the absence of any ammonium 

ions in sample 9 – the well in the Jadranska ulica  as well as 

sample 11 – the stream in the Ivančičeva ulica. In the remaining 

nine samples, the determined ammonium ion concentration was 

0,1 mg/L and 0,2 mg/L respectively. Rules on drinking water list 

ammonium ion among indicator parameters, with the limit value 

of 0.50 mg/l.  

       2. 5. 4  Results of microbiological analyses 

The results of microbiological analyses are presented in the 

below table. (see Table 4) 

Table 4: Results of microbiological analyses   

 

The results of microbiological analyses indicate that all the 

examined water samples contain coliform bacteria. Nine of the 

samples contain also Escherichia coli, with the exception of 

sample 9 – the well in the Jadranska cesta and sample 10 – the 

well in the Ivančičeva ulica. The total number of microorganisms 

at 37 °C in all samples exceeded the value 300.According to Rules 

on drinking water, the prescribed limit value for E. coli in drinking 

water is: 0/100 mL, for enterococci it is:  0/100 mL, for the 

number of colonies at 22°C it is: less than 100/mL, and for the 

number of colonies at 37°C it is: less than 100/mL.  

 

 

 Parameter 

S
am

p
le

 

le
 

Coliform        

bacteria           

CFU/  

100mL 

Escherichia 

coli CFU/      

100mL 

Enterococci 

CFU/    

100mL 

Total 

bacteria 

count at 

37°C 

CFU/    

mL 

Total 

bacteria 

count at 

22°C 

CFU/    

mL 

1 >100  >100 >100 >300 / 

2 >100  >100 >100 >300 / 

3 >100  >100 >100 >300 / 

4 >100     10     13 >300 / 

5 >100     30     24 >300    > 300 

6 >100  >100 >100 >300 / 

7 >100     20     10 >300 / 

8 >100     40     26 >300 / 

9   20      / found >300    > 300 

10   20      / found >300    > 300 

11 >100     20 >100 >300 / 

Sample number  

 6  

 0,01 

 0,02 

 0,03 

 0,04 

 0,05 

 0,06 

C
o
n

ce
n
tr

at
io

n
 o

f 
n
it

ri
te

s 
[m

g
/L

] 

 1   2    4   7   8  111   9   10    3  
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3.  Discussion and conclusion 

The experiments done showed us the following: 

- The concentration of nitrates and nitrites does not exceed 

their limit values in any of the analysed water samples (it is less 

than 50 mg/L in the case of nitrates and less than 0,50 mg/L in the 

case of nitrites), which confirms hypothesis 1 (Nitrates and 

nitrites do not exceed limit values). 

- The values of microbiological parameters in wells are 

similar to those in streams, which falsifies hypothesis 2 (The 

values of microbiological parameters are lower in wells than in 

streams.) We can thus infer that the wells from which we took 

samples are in contact with surface water. As the local households 

are supplied with drinking water of the Rižana water supply 

system, the water from the wells is not used for drinking any 

longer. This is the reason why their owners do not bother with 

their maintenance (burst water pipes, pollution with faeces). 

- The values of chemical parameters do not exceed the limit 

values for potable water, while microbiological analyses showed 

that no water from these sources is fit for drinking. We thus 

refuted hypothesis 3 (The water from wells is suitable for drinking 

as regards chemical and microbiological parameters).  

Research activity at all levels of education has recently 

become very important. Research makes it possible for students to 

understand natural sciences concepts through direct hands-on 

experience with materials, objects or other living beings, through 

consulting books, other sources and experts, as well as through 

continuous argumentation and exchange of opinions. Students are 

supervised and mentored through the process by the teacher. 

Research is also a goal that leads students towards grasping the 

nature of science and discovering how natural sciences work.  
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