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Chapter 15

Environmental Chemistry — |I:
VWater
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Q1. Describe the occurrence of water?

Ans: Occurrence of water:
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Q2. Highlight the importance of water in the environment including industry.

Ans: Importance of water:
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You can live without food for 3 to 4 weeks, but cannot survive without

water for more then 3 to 4 days.

Water is crucial for sustaining the reactions that keep us alive. For
instance, digestion, distnbution of food through blood, removal of wate
matter from the body.

It cools automobile engines, nuclear power plants, steel mills and parts of
hecvy machinery in ingdutrigl units.

It provides means of transportation on Earth’s surface.

Farmers need a large amount of water for the fields for growing fruits,
vegetables and crops.

We need water for dnnking, cooking and cleoning.

It 1s also used to generate electncity,

Self-Assessment Exercise 15.1

List household, industrial and agricultural uses of water.

Solution: Household water:

We need water for dnnking, cooking and cleaning.

Industrial use of water:

It cools automobile engines, nuclear power plants, steel mills and parts of heavy

machinery in industrial units.

Agriculture use of water:

Formers need a large amount of water for their fields for growing fruits,

vegatlables cnd Crops.

Q3. Describe the properties of water.

www.topstudyworld.com

Chemistry



www.topstudyworld.com Chemistry

Ans:Properties of water:

. Wateris the only substance that exists in three different states on earth.
il. Pure water is fransparent, colouress, odourless and tasteless. It bolis ot
100°C and freezes at 0°C ot sea level.
iii.  Anomalous behaviour of water:

Density of most of the solids and liquids, generally increase on heating ana
decreases on cooling. Water, however, shows strange behaviour in this regard.
On cooling it contracts upto 4°C. At this temperature its density becomes
moximum, On further cooling water exponds, hence its density decreses. So
water expands when freezes, Because of this ice floats on water. The
consequences of this strange behaviour are immense life on Earth. Ice forms on
the surface of lakes only and insulates the lower layers of water. This enables fish

and other cguctic organisms to survive in winter.

iv. Heat capacity:

Water has a heat capacity. So much heat is required to raise the
temperature of 1.0 g of water by 19C. Conversely, much heat is given
oft by water for even a small drop in temperature, The vast amount of
water on the surface of Earth thus acts as a giant heat reservoir to
moderate daily temperature vanations. For this reason water is an
excellent cooler in industnes.

v. Vapovrization:

Water has a high heat of vapourzation. So a large amount of heat is
required to evaporate small amount of water. This is of enormous
importance for us. How?e Water (perspiration) from the skin. The property
also accounts for the climate- modifying property of lckes and oceans.
Thus in summer it Is cooler near a large water body of water (lakes, nvers

and seas) than in interior land areaos.
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Q4. Explain the composition of water?
OR

How can you split water?

Ans: Composition of water:

water is normally a poor conductor of electncity. However, when electrncity is
passed through acidified water in a voltameter, water decomposes. It gives

hydrogen and oxygen. At which electrode hydrogen 1S produced?

External source
om!

Hydrogen

.

The slectrolysis of water

The process is called electrolysis and the reaction can be written as
2Ha0 > My * Oz

The splithng of water molecules produces double amount of hydrogen gs
compared to oxygen. This means hydregen and oxygen in water are in the ratio
of 2:1 by volume. Hydrogen is collected at cathode and oxygen is collected at

anogce.
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Q5. Water is a remarkably verstile solvent. Justify the statement.

Ans: Water as solvent:
Water is very good gt dissolving substances.

The ability of water to dissolve a wide varnety of substances is due to its

properties, the polanty of water molecules and the ability of water molecules to
form hydrogen bonds.

water molecules are strongly attracted to ions, polor molecules with which
overcome the ottractions between the molecules oor ions of the other
substance and in this way the substance dissolves. They may be ionic solids,
polar substances and hydrogen bonded compounds. Therefore water is

vniversal solvent.
Q6. How does hard water differs from soft water?

Ans: Soft water:

Water that easily gives lather with soaps and does not form scum is called soft

water,
Hard water:

Water that gives little lather or forms scum with soap is called hard water.

Q7. How does hardness produced in water?

Ans: Causes of hardness in water:

Rainwater dissolves carbon dioxide ¢s it falls through the atmosphere. Carbon

dioxide reacts with water to produce carbonic acid, which i1s weak acid.

CO: g) * HO 1) == H?COIS{L:Q]
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This carbonoted water passes over or through the rocks containing calcium
carbonate, the acid present in it gttack these rocks. It siowly dissolves them,

forming calcium and magnesium carbonates.

CaCOaxp + H2CO3cq) > Ca(HCO3)2 jeq

MGgCOzp + H2CO3 0q) > MG(HCO3)2 icq)

Some rocks may contain gypsum (CaS04.2H,0) or anhydnde (CaSO4) or
kiesente (MgSO.4.H,0O) which is spanngly soluble in water. The presence of these

dissolved salts causes the water to become hard.

Self-Assessment Exercise 15.2

1. List substances that cause hardness in water.

2. Differentiate between soft and hard water.

Solution:

. List substances that cause hardness in water?

Noncarbonated hardness
Carbonate hardness compounds
compounds

(Temporary Hardness)
(Permanent Hardness)

Calcium Sulphate (CaSO.)
Calcium carbonate (CaCO3) Magnesium Sulphate (MgSOu)

Magnesium carbonate (MgCOs) Ccalcium Chlornde (CaCl)

Calcium bicarbonate (Ca(HCOs4):) Magnesium Chloride (MgCls)

Calcium hydroxide (Ca(OH):2)
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Magnesium hydroxide (Mg(OH)2)

Carbonate hardness is sometimes called temporary hardness becguse it can
be removed by boiling water. Noncarbonated hardness cannot be broken
down by boiing water. Noncarbonated hardness cannot be broken down

by boiling water, so it is also known s permanent hardness.

2. Differentiate between soft and hard water?

The presence of calcium and magnesium salts in the form of hydrogen
carbonate, chloride and Sulphate in water makes water ‘hord’. Hard water

does not give lather with soap.

Whereas, water free from soluble salts of calcium and magnesium is called soft

water. It gives lather with scap.

Hard water forms scum (precipitate) with soap, therefore unsuitable for laundry

but soft water does not form scum.

Q8. Which water is soft, tap water or distilled water?

Ans: Tap water contains mpunties (CaS04, MgSO4) In the water that distilled
water does not have. Therefore, distilled water is a soft water.

www.topstudyworld.com



www.topstudyworld.com Chemistry

Q9. Have you ever noticed that the pan which is regularly used for boiling

water gets white or yellowish deposits at its bottom and sides?

Ans: This s due to the boiler scales of CaCOs and MgCOs,

Q10. Differentiate among temporary and permanent hard water?
OR

Describe the types of harness of water?

Ans: Types of hardness of water:

Hardness n water can be divided into two types, temporary and permanent.
Temporary Hardness:

Temporary Hardness is so called because it can be removed by boiling.
Permanent hardness:

Permanent hardness is so called because it cannot be removed by boiling.
lemporary hardness is caused by the presence of dissolved calcium or
magnesium hydrogen carbonates. Wherecs permanent hardness 1s caused by
the presence of dissolved sulphates ond chlorges of calcium or magnesium.,
Hard water hampers cleaning action of soap.

Society, technology and Science

Scum:

It is difficult to make the socp lather Iin hard water. Instead, the water becomes

cloudy. This cloudiness is due to the formation of a white precipitate by the
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reaction of Ca*? or Mg*? ions in hard water and soap. This white precipitate is

KNnown Qs scum,

Science Titbits:

Detergents:

Io overcome the problem of scum formation in hard water, detergents have
been produced. Detergents do not produce a scum. This is because they do
not react with calcium or magnesium ions present in hard water. Also, detergent
molecules are biodegradable. Bactena can easily bregk these molecules, so

they do not persist in the environment.

Q11. Describe the methods to remove temporary hardness?

Ans: Methods to remove temporary hardness:

i) By boiling:

Hardness of water can be removed simply by bolling. During boiling the
soluble calcium and magnesium hydrogen carbonates are decomposed
forming insoluble carbonates. Since Ca*? and Mg*4 ions are removed os
insoluble carbonates, water becomes soft.

M(HCO31)2 (oq) > MCOss + CO2(g + H20 g
Where M=Ca*? or Mg**

Unfortunately, this method is too expensive to remove temporary hardness

of water on the large scale.

i) By adding slaked lime (Clark's Method):
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Temporary hardness in water on the large scale can be removed by
adding cn estimated amount of slaked lime in it. The slaked ime reacts
with the hydrogen carbonates to form insoluble carbonates.

Ca(HCO3)2 j6q+*Ca{OH)2 ¢4 » 2CaCOax + 2H20

MG(HCO23)2 cq+Ca(OH)z ) » CaCOay + MgCOa3z g + 2H20

)

Self-Assessment Exercise 15.3

Write chemical equations to show the changes that occur when hard water

containing calcium hydrogen carbonate and magnesium hydrogen carbonate
is boiled.

Solution:

CG(HCO})) (0Q) » 2COCO'§ {$) 3 ¢ CO,’ (e} 3 2 2H)O V)

M@(HCO3)2 (aq) > 2MgCOsy + COzig + 2H20)

Q12. Describe the methods to remove permanent hardness?

Ans: Methods to remove permanent hardness:

i) By adding washing soda:

On the lorge-scale permanent hardness in water can be removed by adding
washing soda (Na2CO31.10H20). Ca*Z2 and Mg*? ions are removed as ther

iNsoluble carbonates,
M*- o + CO3? (0Q) > MCO3 t}

i) By ion exchange resins:
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The hard water is passed through ¢ container filled with ¢ suitable resin
containing sodium ions. Zeolite is one of the nctural ion exchangers.
Chemically, it is sodium gluminum silicate, It is usually wntten as Ng;Z. The
Ca*? or Mg*?ions causing the hardness are exchanged with Na+ ions in

the resin.

M*25q1 + NO2Z ) »  2NQ*(aq + MLl
Where M*?2 = Cg*?, Mg*?

The used-up zeolte can be regenerated by heating with

concentrated solution of NaCl. This makes the process economical.

Caly + 2NaCl o) > NazZ iy + CaCkeql

Self-Assessment Exercise 15.4

Complete the following reactions:

)  Ca(HCO:1): (o) €% »
i) Ca(HCOa:)z2(eq) + Ca(OH): >
iii) Ca+«2(aq) + Na2Z »

iv) Mg+20q) + Nazl >

V)  Mgsz2(cq + CO37(sq) >

vi) Ca+2(0q) *+ CO3?(gq) - >

Solution:

)  CalHCO:s): e —C%%  2CACOsy + COsip + 2H;0
ii) Ca(HCOs3)z210q) + Ca(OH)2 » 2CaCO0sa + 2H20
M) Cag.210q + NQO2Z » 2NC* aq + Cal

iv) MQg-«2i0q + NQ2L » 2NC* (aq + ML

V)  MQ<ziog) * CO3?(aq) » MgCOs

vi) CQezjog + CO3%0q) - » CaCOa;g
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Q13. What do you understand by water pollution? Describe the causes of water
pollution?

Ans: Water Pollution:

The human activities such as household wastes, agricultural wastes, livestock
wastes, pesticides, oil lecks, detergents, septic tanks, petroleum, natural gas
production may result in contamination of water bodies.

Household wastes:

Household wastes include human wastes, livestock wastes, sogps and
detergents, paints and oils, food and vegetables wastes, garbage wastes etc.
Although detergents have strong cleansing action then soap, but they remain in

water for long time and make water unhit for agquatic life.

Bacterial contents may cause infectious diseases such as cholera, jaundice,

hepatitis, typhoid, dysentery etc.
Industrial Wastes:

These wastes may contain highly toxic compounds and heavy metals such as
Pd, Cd, Cr, Hg, As, Sb etc. These toxic substances cause serious health problems,
such as nervous disorder, anemia, high blood pressure, kidney diseases, nauseq,

dizziness ond cancer.,

Water from lecther tannernes contain large quantities of chromium (VI) salts,

chromium (VI) ions are highly toxic and known {0 cause cancer.

Self-Assessment Exercise 15.5

Compare modern water treatment and sewage treatment centres and
processes.

Ans: Modern water freatment:
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The methods used include physical processes such as filtration, sedimentation
and distillation; biolcgical processes such as slow sand filters or biologically
active corbon; chemicaol processes such gs flocculation a chlonnation and the

use of electromagnetic radiation such cs ultraviolet light.

Sewage treatment centers:
Sewage woter‘ Sedimentation ‘Chlodnoﬂon ‘ Secondary Sewage Treatment

Flow shee!l giagrom for primary sewage freatment plan

Water from primary
sewage freatment

Activated sludge mp Chlorination Il Water bodies
freatment

¥

‘ Filtration .

Sludge
Flow sheet diagram for secondary sewage treatment plant

DO YOU KNOW?

Q14. Describe the various types of waterborne diseases.

Ans: Waterborne disease:

Unclean water supplies, poor sanitation and poor hygiene kill 2,668,000 people

worldwide each year.

water in swimming pools i1s punfied from pathogenic organisms by ceration and
chlonnation.

Some water borme disegses are given below,

I Cholera:

Cholera s an intestinal disease. It Is coused by bactena such as vibrio
cholerg, E. coll etc. which may be present in water contominated with

human wastes. It is choractenzed by vomiting and purging.

il Dysentery:
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Dysentery is an intestinal disease. It is caused by pcrasite, Entamoeba.
This infection is tfransmitted by fecal contamination of water or food by
encysted organism. Patients have mild to severe abdominal cramps.
diarrhea, chocolate colored stool with mucous and sometimes with
plood.

i, Jaundice:
This disecse proceeds from obstruction of liver. Excess of bile from the
liver enters in blood and causes yellowness of skin and eyes. It leads to
loss of appetite, weakness and fatigue.

iv. Hepatitis:
Hepatitis is acute inflammation of liver. It is coused by viruses, ond
clossified as Hepatitis A B ,C ,D and E. Hepatitis A ond E spreads
through pollutec water,

V. Typhoid:
Typhoid 1s a dangerous intestinal disease. It spreads by polluted water
containing bacterna such as saimonella typhi, salmonellc parotyphoid,
and salmonella ententidis. It 1s charactenzed by continuous fever

between 101°F to 104°F ong iregular pulse,

Society, Technology and Science

Swimming is an important recreational activity. Biological contamination has
lessened the recreational value of water. However, geration and chlonnation

treatment of swimming pool water has lessened the threat of biological
contamination.

Self-Assessment Exercise 15.6

3. List some water borne diseases.

4. List sources of water borne diseases.
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5. List steps used in sewage water freatment.
6. List steps used in raw water treatment.

7. Write effects produced by industrial wastes.
8. Write names of six household wastes.

Solution:

1. List some waterborne diseases.

I, Cholera il Dysentery
Iii. Jaundice iv. Hepatitis
V. Iyphoid

2. list sources of water borne diseases.

I Household wastes il. Indusinal wastes

3. list steps used in sewage water treatment.

I Pnmary sewage treatment ii. Secondary Sewage freatment

il Activated Sludge Treatment iv. Chlorination

4. list steps used in raw water treatment.
I. Sedimentation ii. Coagulation

I Filtration Iv. Chlorination

5. Write effects produced by industrial wastes.

Industrial wastes:

Industnal wastes may contain highly compounds and heavy metals such

as Pd, Cr, Cr, Hg, As, Sb etlc. These toxic substances cause senous health

problems, such as nervous disorder, cnemia, high blcod pressure, kidney

diseqses, nqQuseq, dizziness and cancer.
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Water from leather tanneries contains large quantities of chromium (V)

salts, Chromium (VI) 1ons cre highly toxic and known to couse cancer.

Industrial wastes cause ireversible degeneration of the environment

causing serous health problems for public and marine life.

6. Write names of six household wastes.
Household wastes:

Household wastes incluge, humaon wastes, wastes, ivestock wastes,

soaps and detergents, paints and oll, food wastes, garbage etc.

Q15. List two cations and three anions present in lake or surface water.
Ans: Cations (Ca*?, Mg*“. Na*!' and K*')

Anions (SO42, CI'', and NO3')

Ql16. Why the waste water chlorinated before it is returned to the water body?

Ans: Chlorination:

The effluent from sewage plant is trected with chionne to kill any remaining

pcathogenic microorganisms.
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