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Substances present in natural water

Water is H2O when it is absolutely pure

Absolutely pure water does not exist in nature

The substance present in water are either in a solid, liquid or gas 

form.

• Particles of molecular size or dissolved particles d < 1nm = 10-9 m

• Particles of colloidal size 1 nm < d <1 µ m

• Suspended particles d > 1 µ m



a) Inorganic dissolved substance like cations and anions:

Cations Monovalent Na+, K+, NH4
+

divalent Ca2+, Mg2+, Fe2+, Mn2+

trivalent Fe3+, Al3+

anions Monovalent Cl-, HCO3
-, NO2

-, NO3
-, H2PO4

-

divalent SO4
2-, CO3

2- , HPO4
2-

trivalent PO4
3-

And molecules like CO2 (H2CO3), N2, O2, H2S

1. Dissolved substance



The concentration in water expressed in mg/l or g/m3

Another unit is meq/l or geq/m3. 

In this case the atomic weight of the element or compound divided 

by the valency.

So              Na+ atomic weight 23      1 meq/l = 23/1 mg/l

Ca2+ atomic weight 40      1 meq/l = 40/2 mg/l

For neutrality the total amount of cations expressed in meq/l 

must be equal to the total amount of anions expressed in 

meq/l.



Example 1:

We got the following laboratory analysis of a groundwater:

Cations mg/l Anions mg/l

Na+ 46 Cl- 106.5

K+ 4 HCO3
- 152

Ca2+ 60 SO4
2- 24

Mg2+ 12.1 NO3
- 3



Cations Molecular 

weight

Anions Molecular 

weight

Na+ 23 Cl- 35.5

K+ 39.1 HCO3
- 61

Ca2+ 40 SO4
2- 96

Mg2+ 24.1 NO3
- 62



Cations mg/l meq/l Anions mg/l meq/l

Na+ 46 46/ (23/1) = 2 Cl- 106.5 105.5/ (35.5/1) = 3

K+ 4 4/ (39.1/1) = 0.1 HCO3
- 152 152/ (61/1) = 2.5

Ca2+ 60 60/ (40/2) = 3 SO4
2- 24 24/ (96/2) = 0.5

Mg2+ 12.1 12.1/ (24.1/2) = 1 NO3
- 3 3/ (62/1) = 0.05

Total cations 6.1 Total anions 6.05



b) The organic dissolved substance:

Organic matter  (Ca Hb Oc).

Are not specified generally in water analysis except in case they are toxic

Generally some parameters are used based upon the oxygen 

consumption of the organic compound involved.



Measurements of organic matter:-

Many parameters have been used to measure the concentration of 

organic matter in water. The following are the most common used 

methods:

Biochemical oxygen demand (BOD).

BOD5 is the oxygen equivalent of organic matter. It is determined by 

measuring the dissolved oxygen used by microorganisms during the 

biochemical oxidation of organic matter in 5 days at 20oC

Chemical oxygen demand (COD)

It is the amount of oxygen necessary to oxidize all the organic carbon 

completely to CO2 and H2O. 

Is measured by oxidation with potassium dichromate (K2Cr2O7) in the 

presence of sulfuric acid and silver and expressed in milligram per liter. 



 Total organic carbon (TOC)

This method measures the organic carbon existing in the water by 

injecting a sample of the water in special device in which the 

carbon is oxidized to carbon dioxide then carbon dioxide is 

measured and used to quantify the amount of organic matter in the 

water. This method is only used for small concentration of organic 

matter.

 Theoretical oxygen  (ThOD)

If the chemical formula of the organic matter existing in the water  

is known the ThOD may be computed as the amount of oxygen 

needed to oxidize the organic carbon to carbon dioxide and a other 

end products.



2. Colloids:

Dispersed particles that are smaller than 1 µm and larger than individual 

molecules (about 1 nm) are called colloidal particles.

Colloidal particles can scatter light, producing what is known as the 

Tyndall effect.

In natural water at normal pH (6-8) particles are negatively charged ions.

3. Finely dispersed and suspended particles

Examples are clay, quartz/minerals, organic particles like bacteria, algae, 

and particles resulting from the decomposition of plant and animals debris.


