
Water analysis 
 
 
Water is one of the fundamental elements of life, and the living nature around us 
could not survive without it. In nature, water is found everywhere. The majority 
of the earth's water is in the oceans. Water with a low salt content, fresh water, is 
vital for humans and animals. A human being can live off the stored nutrients in 
the body for several weeks without eating, but only a few days without water. 
 
In this study, the students bring water samples with them. The study is more fun 
if the water samples are from different sources, such as tap water, lake water, 
river water, rainwater and/or melted snow. There are separate instructions on 
how to gather a water sample.  
 
Equipment 
Water analysis equipment in the Children's Laboratory 
– digital thermometer 
– digital conductivity meter 
– scale on paper for the pH study; the instructor has the strips! 
– test strips for determining total hardness (in a tube) 
– measuring glass for measuring turbidity 
– plastic decanter for rinsing measuring devices 
– glass decanter for the water sample 
– pencil 
– activity form 
 
Water analysis equipment in the Open Laboratory 
– pH indicator strips (pH range 5-10) 
– Fe test kit (range 0.1-5.0 mg dissolved Fe/l) 
– digital thermometer 
– digital conductivity meter 
– test kit for determining total hardness 
– measuring glass for measuring turbidity  
– plastic decanter for rinsing measuring devices  
– glass decanter for the water sample  
– pencil 
– activity form 
 
Determinations 
Smell 
The smell of the water hints at the quality of the water. For instance, water that 
has a strong scent of mud or fish is not appealing to taste.  
 
Colour 
The colour of natural water is primarily affected by humus and metals (iron and 
manganese). The colour of the water varies from yellowish brown to dark brown.  
The more marshlands there are in and around a particular body of water, the 
browner the water will be. The colour of dirty wastewater can range from one end 
of the spectrum to the other. Good household water should be colourless.  
 
The colour number of water represents the platinum concentration (mg Pt/l) in a 
platinum cobalt chloride solution that is the same colour as the sample when 
visually compared. In water analysis laboratories, the colour number of the 
sample is determined photometrically or by visually comparing the sample to the 
colour number wheels, which are calibrated using the platinum cobalt chloride 
solution. In Heureka's water analysis, the colour of the water is evaluated 
visually. 



 
Turbidity 
Water turbidity is determined by the insoluble elements in the water, such as clay 
and algae. The turbidity gives a rough indication of the extent to which the water 
needs to be purified. The turbidity of well water may indicate that surface water 
has seeped into the well. Turbidity does not necessarily mean that the water is 
unfit for use, because turbidity can be removed using, for instance, a filter 
(assuming that once the turbidity has been removed, the water otherwise fills the 
criteria for use). The turbidity of clear water is less than 1 FTU. Due to heavy 
erosion factors, the river waters along the coastlines are generally more turbid 
than lake water.  
 
Turbidity is expressed in Formazin Turbidity Units (FTU) and is measured in the 
water laboratories using a turbidimeter. In our water analysis at Heureka, 
turbidity is evaluated by placing an "x" under the measuring glass and marking 
the height (in cm) of the water sample at the point at which the "x" under the 
glass is no longer visible.  
 
Temperature 
Measuring water temperature is an essential part of the process of analysing a 
water sample. For instance, in lake studies, temperature is measured at different 
depths, and the resulting graph shows the stratification layers of the water. The 
temperature is usually measured using either a common mercury thermometer or 
a digital field thermometer.  
 
Conductivity 
The conductivity of water signifies the amount of different salts that are dissolved 
in the water. The conductivity of good household water is under 400 uS/cm 
(microsiemens per centimeter). Generally speaking, the waters in and around 
Finland are very low in salt due to the slow disintegration of the bedrock. The 
primary elements that increase conductivity are sodium, potassium, magnesium 
and calcium (cations) as well as chlorides and sulphates (anions). Conductivity 
increases toward the bottom of the lake since the decay of organic matter 
releases salts into the water. The quantities of salts are increased by wastewater 
and field fertilization. The conductivity values of inland waters are between 50-
100 uS/cm. Due to its high salt content, the conductivity of seawater is notably 
greater than that of the inland waters (10000-12000 uS/cm). We can monitor the 
spread of fresh water from the rivers into the sea by measuring its conductivity.  
The conductivity of groundwater is particularly affected by the quality of the soil. 
The conductivity of well water in areas that are covered with clay is higher 
(approx. 300 uS/cm) than areas covered with gravel or sand (150 uS/cm). 
Coastal areas may have very high conductivity values in areas that used to be 
sea bottom.  
 
Conductivity is defined as the ratio of the current density (electrolytic) to the 
electric field strength. Conductivity is measured in a measuring cell equipped with 
Pt electrodes, providing us with the uS/cm value. In Heureka's Children's 
Laboratory, conductivity is measured using Hanna Instrument's DiST WP pocket 
meter.  
 
Acidity (pH) 
Hydrogen ions H+ cause the acidity of a solution. Washing agents are alkaline as 
a result of the hydroxide ions OH- they contain. The pH value of a solution 
describes its acidity and alkalinity. The pH is defined as the negative logarithm of 
hydrogen ion activity (aH) or 
 
pH = -log aH or  aH = 10-pH 



 
If the pH of the solution increases by one unit, the alkalinity increases ten-fold 
and vice versa. The pH of an acidic solution is less than 7, while the pH of an 
alkaline solution is greater than 7. A neutral solution has a pH of 7.  
 
A potentiometric measurement using a glass electrode is used to accurately 
determine the pH value. An indicative pH value can be achieved quickly using pH 
paper or test strips, which are available for the different pH ranges. Since the 
temperature affects the pH measurement (the electrode potential and ionization 
of the sample vary as the temperature changes), the pH of the sample should be 
measured at approx. 25°C (see SFS-3021).  
 
The degree of acidity within our environment influences many things. (The 
acidification of our waterways resulting from environmental pollution may result, 
for example, in an imbalanced stock of fish.) The normal pH of water is close to 
neutral (pH=7.0). The living organisms in the waters have adapted to living 
conditions in a pH range of 6.0-8.0. Because of the naturally high humus content, 
the inland waters in Finland are slightly acidic (usually with a pH of 6.5-6.8). The 
pH of the seawater is approx. 8.0 (due to the greater buffer capacity in 
comparison with inland waters). A high acidity level in tap water rusts piping. A 
suitable pH range for household water is 6.5-8.8.  
 
Iron concentration 
The lowest iron concentration is found in bare, crystal clear lakes (0.05-0.20 
mg/l). In brown, humic water (bog water), the level is clearly higher (0.4-1.0 
mg/l). During the flood season, turbid river water may contain up to several 
milligrams of iron per litre. In oxidized natural waters, the largest amount of iron 
is found as a complex compound bound to humus, a colloidal precipitate or bound 
to solid matter (such as micro-organisms). Only in conditions that are devoid of 
oxygen or in highly acidic waters is all iron found in an ionic form.  
 
The recommendation of the Ministry of Social Affairs and Health for the maximum 
iron concentration in household water is 0.5 mg/l. Iron can dissolve in the water 
from water distribution network materials and may cause deposits to build up and 
affect taste/quality defects. Iron is not, of itself, a health hazard; the problems 
are more technical and aesthetic. A concentration of 1 mg/l can already cause 
taste defects and a reddish deposit.   
 
In water laboratories, total iron is measured photometrically or using an atomic 
absorption spectrometer. Strip tests and kits are also useful in, for instance, field 
studies, but they only provide indicative results. For the water analysis in 
Heureka's Children's Laboratory, we use Merck's iron test strips (with a 
concentration range of 0-500 mg Fe/l).    
 
In our Open Laboratory water analysis, the dissolved iron is measured 
colorimetrically with the help of the Merck Microquant 14759-Fe test kit (content 
range of 0.1-5.0 mg/l or 0-90 mmol/l). Hydroxyl-ammonium chloride is used to 
reduce the Fe (III) in the sample to Fe (II), which, together with 2,4,6-tri(2-
pyridyl)-1,3,5-triazine (TPTZ), forms a violet complex compound Fe(TPTZ)22+ 
within a pH range of 3.4-5.8. The colour intensity of the sample is then compared 
with the colour wheel included in the kit.   
 
Use the injector and put 6 ml of the water sample into the two glass bottles with 
screw caps found in the kit. Add 3 drops of reagent Fe-AN to the bottle on the 
right, mix it and let it stand for 3 minutes. The colours are compared to the scale 
on the colour wheel.  
 



 
Total hardness 
The total hardness of water signifies the amount of soluble calcium and 
magnesium ions in the water. Water can be divided into different classes 
according to its hardness; very soft (0-0.378 mmol/l), soft 0.378-0.882 mmol/l), 
medium hard (0.882-1.764 mmol/l), hard (1.764-3.780 mmol/l) and very hard 
(>3.780 mmol/l).  
 
The hardness of the water depends on the nature of the bedrock. Water in areas 
heavy in sandstone, granite or gneiss is usually very soft. The waters in Finland 
are generally soft. Areas heavy in calcium, gypsum or dolomite, such as Central 
Europe, have hard water. Rainwater is soft.   
 
The hardness of the water affects incrustation (scale) (in boilers, pipes etc.)which 
decreases the effectiveness of the heat transfer when the water is being heated. 
Furthermore, the effectiveness of detergents is weakened in medium hard and 
hard water, increasing the amount of detergent required.  
 
The total hardness is determined using the Aquamerck reagent kit 8011. The 
principle is the same in both the Children's Laboratory and the Open Laboratory 
kits; the Open Laboratory's kit is larger, but the reagent is the same.  
 
A titration solution (Titriplex III) is added drop by drop to the water sample until 
the added indicator changes colour. This method is based on complexometric 
titration, in which the calcium and/or magnesium ions in water form a stable 
chemical compound (complex) with Titriplex III (ethylenedinitrilotetraacetic acid 
disodium salt).  The indicator, which is similarly complex-bound to calcium and 
magnesium ions, is red in colour. As the Titriplex III solution is added, the 
indicator is released and the colour changes from red to grey-green and then to 
green: 
 
1. Rinse the measuring glass several times with water from the water sample and 
fill the glass to 5 ml.  
 
2. Add the indicator tablet and mix until the tablet dissolves completely. The 
solution is turned red by the elements that cause hardness. 
 
3. Use the pipette and add the titration solution drop by drop, mixing the solution 
after each drop, until the solution turns green.  Count the number of drops 
needed.  
 
1 drop = 1 dH 
 
Total hardness (dH)    Assessment 
 
 0-4      very soft 
 4-8      soft 
 8-18      medium hard 
 18-30      hard 
 >30      very hard 
 
Presentation process 
In your opinion, what is good water? 
Clean, clear, cold, warm, fresh, salty, etc. 
What about for human beings? Drinking water must be clean. How about for fish? 
Different species of fish and other marine life have adapted to different types of 
water, such as lush, devoid of life, brown, clear etc. 



The definition of good water depends upon its use. 
Take the decanters out of the kit: one plastic for the distilled water, one glass for 
the water sample. (The instructor can fill the distilled water decanters before the 
presentation.) 
 
The instructor hands out the forms (1 copy/pair), on which the students will write 
their names and record their results. Then the instructor asks the participants to 
open the kits and take out the pencil.  
 
The instructor describes how the water will be tested using: 
1) organoleptic or sensory tests  
2) physical tests 
3) chemical tests. 
 
1) Using our senses, we can analyse smell, colour or turbidity. The smell is 
identified by your own nose, which is quite an exacting tool. 
Try whether the water has a smell, and if so, what does it smell like? 
 
Next, study the appearance of the water. Is it coloured or colourless? 
What is the difference between colour and turbidity? Answers.... A colour is 
created by soluble substances, thereby coloured water may be clear. The brown 
colour of water in lakes and rivers is the result of humus matter and iron that 
washes away from the marshes and bogs. Turbidity is created by particles, such 
as components of clay and silt.   
 
We measure the turbidity using the tall measuring glass and ruler found in the 
kit. The instructor hands out an "x" covered in plastic, and requests that the 
students place the "x" under the base of the measuring glass. The water sample 
is poured slowly into the glass and the students watch from above to see when 
the "x" disappears. When the "x" is no longer visible, the ruler is used to measure 
the height of the water in centimetres; the smaller the number, the more turbid 
the water is.   
  
2) The students move on to physical measurements: temperature and 
conductivity. The students remove the thermometer and conductivity apparatus 
from the kit, take off the protective covers and switch them on (the instructor will 
show the proper procedure). The measuring end of the meter is rinsed in the 
distilled water in the plastic decanter prior to testing the water sample. Hold the 
meter in the water for about one minute and then record the reading. The same 
procedure is used for both temperature and conductivity. Finally, rinse the 
measuring ends in the distilled water and switch off the meters. 
   
3) We conduct chemical tests such as acidity (pH), iron concentration and total 
hardness. 
 
In the kit, there is a flat plastic box, from which you should take 1-2 pH indicator 
strips, being careful to only touch the white end. Dip the coloured end of the strip 
into the water sample for one minute and then compare the colours of the strips 
to the scale on the side of the box. The colour from the scale that best matches 
the colours on your own strips is considered to be the pH value. The pH of natural 
water ranges from 4-8 and household water 6.5-8.8. 
  
The iron concentration of the water is measured using the same type of strip test 
found in the kit. Dip the lower end of the strip into the water sample and compare 
the colour to the concentration scale on the side of the box. Record the result.  
 



Take the turquoise box with the plastic container out of the kit. Pour sample 
water into the container until it reaches the lower line. Take 1 indicator tablet out 
of the box and mix it into the water until it dissolves and the solution turns red. 
Drop the reagent, one drop at a time, into the red solution. Mix the solution 
between drops. Count the number of drops used to turn the solution green. The 
less drops required, the softer the water is. Record your result on the form. 
 
Contact: 
Heureka, The Finnish Science Centre 
http://www.heureka.fi
Kati Tyystjärvi 
Email: kati.tyystjarvi@heureka.fi
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