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The primary goal of water treatment is to remove contaminants and make water safe for drinking,
cooking, and other uses.

Since pure water is rarely found in nature, it often contains impurities. These impurities can be
classified into three progressively finer categories: suspended solids, colloidal solids, and
dissolved substances. Different methods of treatment or reduction to acceptable limits are
needed for each category.

In most cases, more than one treatment process is required to achieve the desired changes in
water quality, so treatment plants usually consist of a chain of processes that operate in
sequence.

Differ types Nature of Impurities in Water

Pure water is rare; all water contains some contamination, classified as:

1. Floating and Large Suspended Solids: Includes items such as leaves, twigs, and other
debris.

2. Suspended Solids: Includes small particles like silt, clay, and microorganisms.

3. Colloidal Solids: These are finer particles that are not easily settled, such as clay and
microorganisms.
Dissolved Solids: Includes minerals causing hardness, salts, and some organic compounds.
Dissolved Gases: Such as carbon dioxide and hydrogen sulfide.Continuation:
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6. Organic Solids: Comprises organic matter like decaying plant material and algae.

7. Inorganic Solids: Consists of minerals like sand, gravel, and rock particles.

8. Heavy Metals: Includes toxic elements like lead, mercury, and cadmium.

9. Nutrients: Such as nitrogen and phosphorus, which can lead to excessive algae growth.

10. Pathogens: Microorganisms like bacteria and viruses that can cause diseases in humans and animals.

1. Pesticides and Herbicides: Chemical compounds used in agriculture that can contaminate water
sources.

12. Radioactive Substances: Elements like uranium and radium that can pose health risks if present in

water.



In many situations, it becomes necessary to add substances as part of the treatment process.
For example, coagulants are used for the removal of turbidity, oxygen for biological processes,

and chlorine for disinfection.

Water Impurities and Types of Treatment
Processes

Water impurities can be broadly classified into three categories: physical, chemical, and
biological Treatment Process. Each type of impurity affects water quality and requires specific
treatment methods for removal.

Effects and Removal Methods of Different Type:

Disinfection (Chlorination, UV, Ozone), Biological Treatment, Membrane Filtration |- Effects
—e— Removal Methods

Chemical Precipitation, lon Exchange, Membrane Filtration, Adsorption

Screening, Sedimentation, Filtration

Details

Waterborne diseases (cholera, dysentery), ecosystem impactf

Health risks (neurological, cancer), ecosystem damage, aesthetic issues [

Turbidity, infrastructure damage, aesthetic issues|

Type of Impurity

1. Physical Impurities

Physical impurities refer to particulate matter and suspended solids present in water. These
include soil particles, sand, silt, and other organic and inorganic materials that are not dissolved

in water.

What are the Effects:-

These impurities can cause turbidity, making the water appear cloudy and reducing its aesthetic
quality. They can also clog pipes and filters, reducing the efficiency of water treatment

processes.



What are the Removal Methods:-

Screening: Removal of large debris.

Sedimentation: Settling of particles due to gravity.

Filtration: Use of sand filters, rapid gravity filters to trap and remove particles.
Gas Transfer: Utilized to remove dissolved gases and volatiles.
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Flocculation: Adding chemicals to form flocs that settle out of suspension.

2. Chemical Impurities

Chemical impurities are dissolved substances in water, which can include salts, heavy metals,
organic compounds, and other chemicals. Common examples are chloride, nitrate, lead, arsenic,
and pesticides.

What are the Effects:-

These impurities can have significant health impacts. For instance, heavy metals like lead and
arsenic are toxic and can cause serious health problems, including neurological disorders and
cancer. Excessive nitrates can cause methemoglobinemia (blue baby syndrome) in infants.

Note: Nitrates: Can cause methemoglobinemia (blue baby syndrome) in infants

What are the Removal Methods:-

1. Chemical Precipitation: Adding chemicals to form insoluble precipitates.

2. lon Exchange: Removing specific ions from the water.

3. Membrane Filtration: Using reverse osmosis, nanofiltration to remove dissolved substances.

4. Adsorption: Utilizing activated carbon to remove organic compounds and some inorganic
chemicals.

5. Coagulation: Adding coagulants to form larger particles from dissolved and colloidal
impurities.

3. Biological Impurities

Biological impurities consist of microorganisms such as bacteria, viruses, protozoa, and algae.
Common pathogens include Escherichia coli (E. coli), Giardia, and Cryptosporidium.

What are the Effects:-

These impurities can cause waterborne diseases such as cholera, dysentery, and gastrointestinal
infections. They pose a serious health risk, particularly in areas with inadequate water treatment.



What are the Removal Methods:-

1. Chlorination: Adding chlorine to kill microorganisms.
2. UV Radiation: Using ultraviolet light to inactivate pathogens.
3. Ozonation: Using ozone gas to destroy microorganisms.
4. Biological Treatment: Utilizing beneficial microbes to outcompete harmful ones.
5. Membrane Filtration: Using microfiltration and ultrafiltration to physically remove
pathogens.
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Water Quality Parameters and Standards

Ensuring the safety and quality of drinking water is a critical public health priority. Water quality
parameters and standards are established to maintain the safety, taste, and appearance of water.
These standards are set by regulatory bodies such as the Environmental Protection Agency
(EPA) in the United States and the World Health Organization (WHO) globally. Below is a
detailed look at the key water quality parameters and the standards that regulate them.

Key Water Quality Parameters




Physical Parameters:

o Turbidity: Measures the clarity of water. High turbidity can indicate the presence of
suspended particles, which can harbour harmful microorganisms.

o Colour: Natural water should be colourless. Any colour can indicate contamination from
organic materials or metals.

o Taste and Odor: Water should be free from any unpleasant taste or Odor, which can be
caused by organic compounds, metals, or chlorine.

Chemical Parameters:

o pH: Indicates the acidity or alkalinity of water. The ideal pH for drinking water is between
6.5 and 8.5.

o Hardness: Caused by dissolved calcium and magnesium. Hard water can cause scale
buildup in pipes and affect soap efficiency.

o Alkalinity: The water’s capacity to neutralize acids. It helps in maintaining a stable pH
level.

o Chlorine: Used for disinfection. The residual chlorine should be within safe limits to avoid
health risks and unpleasant taste.

o Nitrates and Nitrites: High levels can be harmful, particularly to infants, causing
conditions like methemoglobinemia (blue baby syndrome).

o Heavy Metals: Includes lead, arsenic, mercury, and cadmium. Even at low concentrations,
these can be toxic and cause serious health problems.

o Organic Chemicals: Pesticides, herbicides, and industrial chemicals. These are harmful
even in small quantities and must be monitored rigorously.

o Total Dissolved Solids (TDS): The combined content of all inorganic and organic
substances in water. High TDS can affect taste and health.

Biological Parameters:

o Total Coliforms: Presence indicates potential contamination by pathogenic
microorganisms.

o Escherichia coli (E. coli): A specific type of coliform bacteria. Its presence indicates fecal
contamination and a high risk of waterborne diseases.

o Pathogenic Microorganisms: Includes bacteria, viruses, and protozoa that can cause
diseases like cholera, dysentery, and giardiasis.

Water Quality Standards

Water quality standards define the acceptable levels of these parameters to ensure water is safe
for consumption. Here are the standards set by key regulatory bodies:



Environmental Protection Agency (EPA):

Turbidity: Should not exceed 1 NTU (Nephelometric Turbidity Units) for conventional
filtration systems.

pH: Should be between 6.5 and 8.5.

Chlorine: Maximum residual disinfectant level (MRDL) is 4 mg/L.

Nitrates: Maximum Contaminant Level (MCL) is 10 mg/L.

Lead: Action level is 0.015 mg/L.

Arsenic: MCL is 0.01 mg/L.

Total Coliforms: No more than 5.0% of samples can test positive in a month.

World Health Organization (WHO):
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Turbidity: Should be less than 5 NTU.

pH: Should be between 6.5 and 8.5.

Chlorine: Guideline value is 5 mg/L.

Nitrates: Guideline value is 50 mg/L.

Lead: Guideline value is 0.01 mg/L.

Arsenic: Guideline value is 0.01 mg/L.

Total Coliforms: Should not be detectable in any 100 mL sample.

Importance of Compliance

Maintaining compliance with these standards is crucial for public health. Water treatment plants

regularly monitor these parameters and adjust treatment processes accordingly to ensure safe

drinking water. Failure to meet these standards can lead to severe health issues, including

gastrointestinal illnesses, reproductive problems, and neurological disorders.

In conclusion, understanding and adhering to water quality parameters and standards is essential

for ensuring safe drinking water. These parameters cover physical, chemical, and biological

aspects, and the standards set by regulatory bodies provide the framework for maintaining water

quality. Regular monitoring and treatment adjustments are necessary to protect public health

and provide safe, clean water for all.
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