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CHAPTER - 1 

INTRODUCTION

Water is the elixir of the life and without water no life can exist on earth. Water is not 
only the fluid that sustains life but it is invariably used for a variety of purposes. Needless to 
say that water is one of the important materials used in industry. The major industrial uses of 
water are steam generation, cooling, washing, conveying of materials etc., Above all, it is the 
major raw material, which becomes an ingredient in the finished product. This apart, it is used 
in a number of ways in industry.  

 The industrial progress is entirely dependent on water. Besides the availability of 
adequate quantity, water should also conform to certain quality requirements to suit the 
industrial needs. Pure water does not contain any impurities. But the availability of such waters 
are very rare. The contaminants change the water quality, and the quality requirement of water 
for any use is interpreted in terms of these impurities. This book delves with such impurities 
and their effects on industrial uses.  

 Water is relatively pure when formed, but when it enters to atmosphere it absorbs 
gases, particularly oxygen and carbon dioxide. Upon reaching the earth, it dissolves the 
mineral matter with which it comes in contact. The amount of dissolution depends on various 
factors such as the solubility of soil or rocks in the area and the length of time of contact. 

 The common minerals encountered in natural waters are carbonates, bicarbonates, 
sulfates, chlorides and nitrates of calcium, magnesium, sodium and potassium. In addition to 
these minerals, silica and metals such as iron and manganese and also present. Small 
amounts of phosphates and fluorides also occur in all waters. Practically all waters contain 
gases (mainly oxygen and carbon dioxide), absorbed from the air. A little organic matter is also 
usually present. This apart, most of the surface waters contain algae, diatoms and a wide 
variety of bacteria and other plant and animal forms. In addition, they also contain solids 
ranging from sand to colloidally dispersed particles. 

 Surface waters are generally softer and less concentrated than ground waters. They 
contain high amounts of dissolved oxygen and sediment. They often show variations in their 
characteristics, whereas ground waters are characterized by essentially constant composition. 



Ground waters are normally high in total dissolved solids, hardness, carbon dioxide but low in 
suspended solids. Because of the higher mineral matter content, they are less preferable for 
industrial and domestic uses. 
 The foregoing is a discussion on the sources and general nature of water. A detailed 
analysis of water will clearly reveal its characters viz, chemical constituents, physical 
characteristics, biological contaminants and radiation levels. Acceptability of water for use in 
industry is based upon these characters. 

The term ‘Water Quality’ is only relative to the proposed use of water. The quality 
requirements for industrial uses vary greatly with the type of industry and the purpose for which 
it is used. There is no ‘universal water’ that can be used for all industrial purposes. Each 
industry requires water of specific quality that differs industry to industry. A water that is of 
satisfactory quality for an industrial purpose may be of very poor quality or even dangerous for 
another industrial use. For example, brewery and bakery essentially require some amount of 
calcium sulfate in water, whereas water intended for boiler purpose should not contain even a 
trace of calcium sulfate. There is an axiom, “One man’s bread is another man’s poison”. This 
holds good for water quality also. Hence it is imperative to have a knowledge on the impurities 
present in water, their effects on industrial use and quality requirements of water for industrial 
purpose. In    Part II of this book, the impurities present in water and their effects on industrial 
uses are discussed in detail. Impurities present in water also affect the water treatment 
systems such as Ion exchangers and Reverse Osmosis units.  They are discussed in   Part - 
III. Part - IV describes the quality requirements of water for each industry. 







CHAPTER – 2 

ACIDITY 

Acidity is not a specific constituent, and it is a measure of the effects of combination of 
substances and conditions in water. It may be defined as the power of a water to neutralize 
hydroxyl ions and is expressed in terms of calcium carbonate. 

Acidity is usually caused by the presence of free carbon dioxide, mineral acids such as 
sulfuric and weakly dissociated acids.  Iron and aluminum salts hydrolyze in water to release 
mineral acidity.  Surface waters and ground waters attain acidity from humic acids and from 
industrial wastes such as pickling liquors, and from acid mine drainage.  Most of the natural 
waters do not contain any mineral acidity and contain only carbon dioxide acidity.  

There is no specific limit for acidity but it is indirectly controlled by the limits on pH 
value.  Excessive acidity is detrimental to metallic and concrete structures and should be 
neutralized to mitigate corrosion.  Further, most of the industrial processes need water free 
from acidity, even from carbon dioxide acidity. 



CHAPTER – 3 

ALKALINITY 
(See also, Chapter - 5 “BICARBONATES AND CARBONATES”) 

Alkalinity is not a specific constituent but is the quantitative capacity of the water to 
react with hydrogen ions.  The alkalinity of natural or treated waters is normally due to the 
presence of bicarbonate, carbonate and hydroxide compounds of calcium, magnesium, sodium 
and potassium.  Borates and phosphates and silicates also contribute to alkalinity. Some other 
ions not ordinarily found in natural waters such as arsenate, aluminates and certain organic 
anions in colored waters could also increase the alkalinity. Because of the relative abundance 
of carbonate minerals and because of the ready availability of carbon dioxide that enters into 
equilibrium with them in water solution, most waters contain bicarbonate and carbonates only.  
The occurrence of hydroxide ions in natural waters is very rare, unless artificial contamination 
has occurred.  In surface waters where algae are fluorishing the waters contain carbonate and 
hydroxide alkalinities.  Boiler waters usually contain carbonate and hydroxide alkalinities.  
Chemically treated waters, particularly softened waters (by lime or lime soda process), contain 
carbonate and hydroxide.   

The determination of alkalinity provides an idea of the salts present in water.  If the 
alkalinity is equal to hardness, calcium and magnesium salts only are present.  If the alkalinity 
is greater than hardness, it indicates the presence of basic salts - sodium and potassium in 
addition to those of calcium and magnesium.  If the alkalinity is lower than hardness, neutral 
salts of calcium magnesium must be present that are not carbonates; usually these are 
sulfates. 
  

The alkalinity of a water has little sanitary significance.  However it is significant in 
many uses and in the treatment of water and waste water.  Alkalinity is an important parameter 
involved in corrosion control.  It must be known in order to calculate the Langelier Saturation 
Index.  Alkalinity and pH are the factors in determining the amenability of waste waters to 
biological treatment.  The alkalinity in excess of calcium and magnesium concentrations is 
significant in determining the suitability of a water for irrigation. 



CHAPTER - 4 

ALUMINIUM 

Aluminum, the most abundant metal in the earth’s crust is present in natural waters 
through contact with rocks, soil and clay containing aluminum. Aluminum sulfate is the most 
widely employed chemical for clarification of water. Such clarification process also contributes 
aluminum to treated water.  Wash waters from water treatment process is also a source of 
aluminum to water.  Corrosion and erosion of aluminum tubing in condensers and feed water 
heaters can also be a source of aluminum in industrial waters. 

Aluminum is undesirable in industrial waters because of its sludge forming 
characteristics.  Waters containing aluminium are undesirable for textile processing as they 
form certain color lakes especially with special dyes such as alizarin.  For textile processing it 
is desirable to keep the aluminium content within 0.1 mg/l to protect from any undesirable 
effect. The presence of aluminum in water intended for rayon manufacture and dyeing of rayon 
is also highly undesirable as it tends to form hydroxide soaps that may produces stains.  The 
recommended maximum permissible concentration of aluminum for rayon manufacture is 0.25 
mg/l.  The residual alum content should not exceed 0.4 mg/l (as alum) or 0.04 mg/l (as 
aluminum) for rayon dyeing. 

Aluminium is reported to cause certain problems for dialysis patients and it may have 
some effects on general human health. 



CHAPTER - 5 

BICARBONATES AND CARBONATES 
(See also, Chapter - 3 “ALKALINITY”) 

Bicarbonates and carbonates are the chief sources of alkalinity∗.  The alkalinity of a 

natural water normally consists of calcium and magnesium bicarbonates.  Some times sodium 
bicarbonate is also present to a significant extent. (Surface water in impounded reservoirs 
some time contain hydroxides. During daytime, photosynthetic activities of algae and other 
aquatic plants utilizes all   the carbon dioxide converting the bicarbonates and carbonates to 
hydroxides). 

Like pH, alkalinity is an important parameter in deciding whether a water supply has the 
tendency to form scales or to corrode. Hence the concentration of bicarbonate and carbonates 
are very significant. 

In boiler water applications, knowledge of the bicarbonate and carbonate of the water is 
essentials to decide a proper treatment as they may cause some adverse effects. For example, 
if bicarbonates and carbonates introduced with the feed water decompose as shown below 
forming hydroxide and releasing carbon dioxide.  
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The hydroxide produced in such a way would react with magnesium to form 
magnesium hydroxide.  Besides, the released carbon dioxide will be carried along with steam 
and dissolve in condensate to form carbonic acid which is corrosive to steam condensing 
equipment and to condensate return system. 

However the presence of carbonate to a certain extent is desirable with regard to 
waters intended for low pressure boilers, as the carbonates prevent deposition of calcium -

                                                
∗ Other ions such as borate silicate and phosphate also contribute to alkalinity.  But in natural waters they are 

present only in insignificant concentrations.  However industrial waters do contain phosphate and hydroxide 
contributing much to alkalinity. 



sulfate which forms a very hard scale. Carbonates in optimum concentration give proper 
protection to equipment from corrosion by forming a thin layer over the entire surface of the 
metal.   

Presence of bicarbonates and carbonates in water is also undesirable for certain 
industrial processes such as sugar manufacture, textile and pottery.  The recommended 
maximum limits for bicarbonates for these processes are 100 mg/l, 200 mg/l and 200 mg/l 
respectively.  High bicarbonate contents are reported to cause swelling of skin in tanneries.  
Bicarbonate if present as sodium bicarbonate is reported to cause a white shell in ice. 
Excessive carbonates are reported to be detrimental in the production of carbonated 
beverages also. Carbonates are also undesirable for brewing, the maximum limit being 60 
mg/l. 



CHAPTER - 6 

CALCIUM
[See also, Chapter - 15 “HARDNESS” (TOTAL)] 

Calcium salts are among the most commonly encountered substances in water. The 
presence of calcium in water is mainly due to its passage through or over deposits of 
limestone, dolomite, gypsum and other gypsiferous materials. Calcium and magnesium salts 
are the major scale–forming substances in most raw waters. 

Calcium is an essential element and human body requires approximately 0.7 to 2.0 g of 
calcium per day as a food element, the amount which cannot be supplied even by hard waters.  
Infact, calcium deficiency is the most common nutritional lack in many parts of the world.  
However waters with high calcium content are undesirable for household uses such as 
washing, bathing and laundering because of the consumption of more soap and other cleaning 
agents. Moreover, calcium salts tend to cause incrustations on cooking utensils and water 
heaters.   

Calcium in industrial water is undesirable mainly due to the formation of scales in 
boilers, heating system and cooling system. 

Calcium is the principal scale forming cation.  Among the compounds of calcium, 
calcium carbonate and calcium sulfate are the chief scale formers.  Calcium hydroxide too form 
scales.  With silica it forms very hard and adherent scale of calcium silicate.  Calcium 
carbonate scales are softer in nature and easier to remove, while calcium sulfate scale is very 
hard and difficult to remove.  Calcium hydroxide is an abnormal scale-former.  It does not occur 
in natural water and would be introduced into boiler only through improper treatment. 

Calcium is objectionable in process waters also.  In textile interblent processing, it 
reacts with alkaline solutions to form precipitates and curds, especially during washing 
operations using soap.  It also causes difficulties in rinsing operations in electroplating.  It is 
reported to affect certain fermentation processes too.  The following concentration of calcium 
have been recommended as limits for various industrial uses. 
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