
Water Treatment* 
 

When water is obtained from uncontaminated 
reservoirs fed by clear mountain streams or from 
deep wells, it requires minimal treatment to make it 
safe to drink. Many cities, however, obtain their wa-
ter from badly polluted sources, such as rivers that 
have received municipal and industrial wastes up-
stream. The steps used to purify this water are shown 
in Figure 1. Water treatment is not intended to pro-
duce sterile water, but rather water that is free of dis-
ease-causing microbes.  

 
Coagulation and Filtration  

Very turbid (cloudy) water is allowed to stand in 
a holding reservoir for a time to allow as much par-
ticulate suspended matter as possible to settle out. 
The water then undergoes flocculation, the removal 
of colloidal materials such as clay, which is so small 
(smaller than 10 µm) that it would otherwise remain 
in suspension indefinitely. A flocculant chemical, 
such as aluminum potassium sulfate (alum), forms 
aggregations of fine suspended particles called floc. 
As these aggregations slowly settle out, they entrap 
colloidal material and carry it to the bottom. Large 
numbers of viruses and bacteria are also removed this 
way. Alum was used to clear muddy river water dur-
ing the first half of the nineteenth century in the mili-
tary forts of the American West, long before the germ 
theory of disease was developed.  

After flocculation, the water is treated by filtra-
tion—that is, passing it through beds of 2 to 4 feet of 
fine sand or crushed anthracite coal. As mentioned 
previously, some protozoan cysts and oocysts are 
removed from water only by such filtration treatment. 
The microorganisms are trapped mostly by surface 
adsorption onto the sand particles. They do not pene-
trate the tortuous routing between the particles, even 
though the openings might be larger than the mi-
crobes that are filtered out. These filters are periodi-
cally backflushed to clear them of accumulations. 
Water systems of cities that have an exceptional con-
cern for toxic chemicals supplement sand filtration 
with filters of activated charcoal (carbon). Charcoal 
removes not only particulate matter but also most 

dissolved organic chemical pollutants. A properly 
operated water treatment plant will remove viruses 
(which are harder to remove than bacteria and proto-
zoa) with an efficiency of about 99.5%. Low-pressure 
membrane filtration systems are now coming into 
use. These systems have pore openings as small as 
0.2 µm and are more reliable for removal of Giardia 
and Cryptosporidium.  

 
Disinfection  

Before entering the municipal distribution sys-
tem, the filtered water is chlorinated. Because organic 
matter neutralizes chlorine, the plant operators must 
pay constant attention to maintaining effective levels 
of chlorine. There has been some concern that chlo-
rine itself might be a health hazard because it could 
react with organic contaminants of the water to form 
carcinogenic compounds. At present, this possibility 
is considered an acceptable risk when compared with 
the proven usefulness of chlorinating of water.  

Another disinfectant for water is ozone treat-
ment. Ozone (O3) is a highly reactive form of oxygen 
that is formed by electrical spark discharges and UV 
light. (The fresh odor of air following an electrical 
storm or around a UV light bulb is from ozone.) 
Ozone for water treatment is generated electrically at 
the site of treatment. Ozone treatment is also valued 
because it leaves no taste or odor. Because it has little 
residual effect, ozone is usually used as a primary 
disinfectant treatment and is followed by chlorina-
tion. The use of UV light is also a supplement or al-
ternative to chemical disinfection. Ultraviolet tube 
lamps are arranged so that water flows close to them. 
This is necessary because of the low penetrating 
power of UV radiation.  
 
Questions  
1. Outline the treatment process for drinking water.  

2. How do flocculants such as alum remove colloi-
dal impurities, including microorganisms, from 
water?   
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Figure 1. The steps involved in water treatment in a typical municipal water 
purification plant. 
Does removal of “colloidal particles” by flocculation involve living organisms? 
 
 


