ENVIRONMENTAL CHEMISTRY Ii:
WATER

After completing this lesson, you will
be able to:

This is 12 days lesson :
(period including homework)

7.

« Describe the occurrence of water and its importance in the environment including industry.

o Review our dependence on water and the importance of maintaining its quality.
e Describe the composition and properties of water.
o Differentiate among soft, temporary and permanent hard water. ,
« Describe methods for eliminating temporary and permanent hardness of water.

. Iaentify water pollutants. = -
=% ,7__:;Des,cribe. industrial wastes and household wastes as water pollutants.

50 Deécribe the effects of these pollutants on life. ==

° Deéc’ribe the various types of waterborne diseases.
Test water quality by checking its color, odor, hardness and conduetiv_ity,
Determine the boiling point of water. ' z
Perform distillation of impure water samples. 7 —
Explain how hard water hampers the cleansing action of soap. =
Explain how and why water treatment is essential for water to be drihli’aﬁle.
Compare modern water treatment and sewage treatment centers and processes

EXplain how chemistry helps maintain a clean swimming Sool

. Where does the water in your kitchen and bathronm :
o athroo 553 —

from different sources, it varies in"quality. Would yoy, drir:rll :,—o Te from? Because water Comeosr

‘unpleasant odour? In the morning when you get up ater that has colour, bad tast®

: what do you e
shower, flush the toilet etc. What happens to the water tha(t) gg:sd:?;\(zou brush your teeth: tz‘;e
down the drain? Can yo!
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to ensure that it is clean and safe to dnnk Waste water should also be passed through some
treatment process to remove un-wanted substances, before it is released into lakes, rivers or
oceans. Otherwise, it would also affect marine life and through food chain, the human benngs
This knowledge wﬂl‘hel ) you m grade Xil to understand

e Waste watetﬂeatrﬁenf
§-:f115 1 QRQ’?ER"“EEb OF WATER
,15 1 1 Occurrence.

Water is one of the most important substan
on E.arth |t.ha_s been estimated that total amount of water pre
: ":_cubic Kilometers whlch nearly covers 71% of the Earth’s crust.
= '-of water on ear—th :
= ', Nthough an enormous amou

lable to man is only 0.2% of the
ed. Some areas are rich in fresh water w

ces on Earth. Itis present in enormous quantity
sent on earth is about 1.33 billion

Figure 15. 1 shows the distribution

nt of water is found on the Earth, but the fresh water
total. Even this small percentage of water is not evenly
hile certain areas have httle or no fresh water.

‘Sea water contains large amount of dissolved salts. Sodium chloride is the most abundant

salt lri sea water. It is present up to 3 4% in it. This water is unfit for human use.
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7 Figare 151 Distribution of water on Earth,
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154 .2 Importance of;vater

Earth is the only planet in the solar system that conta ; _
for their survival. You can live without food for 3 to 4 weeks, but cannot survive wathou; water for -
more than 3 or 4 days. Our body cannot work without water just as car cannot run wuthou? gas

- oroil. In fact, all the cell and organ functions of our body depend on water. It serves as a lubricant
in digestion and joints. The water in saliva helps facilitate chewing and swallowing. Water also
regulates our body temperature, through perspiration. : ,‘

ins water. All living things need water

e Water is crucial for sustaining the reactions that keep us alive. For instance digestion,

~distribution of food through blood, removal of waste matter from the body.

e It cools automobile engines, nuclear-power plants, steel mills and parts of heavy
machinery in industrial units. '

e |t provides means of transportation on the earth surface. :
o Farmers need a large amount of water for their fields for growing fruits, vegetables and

crops.
e |tis also hsedto generate electricity.

)

|

!

ot j

F = - = We need water for drinking, cooking and cleaning. 3 : ;

- 15.1.3 Properties of water:
' '« Water is the only substance that exists in three different states on Earth.

£ Can you name
s = ~ these states? : Yo '

e Pure water is transparent, colourless, odourless and tasteless. it boils at 100°Cand
freezes at 0°C at the sea level. : : ‘

o Density of most of the solids and liquids, generally increases on heating and decreases

on cooling. Water, however, shows strange behavior in this i"egard, On cooling it contracts
up to 4°C. A. this temperature its density becomes maximum. On Afﬁrt—hwerr cobling water (
expands, hence its density decreases. So water expands when freezes. Because of this
ice floats on the top of water. The consequences of this strange behavior are immense
for life on earth. Ice forms on the surfaces of lakes only and insulates the lower layers of

water. This_enables fish and other aquatic organisms to survive in winter -

e Water has a high heat capacity. So much heat is required to raise the temperature of 1.0
g of water by 1°C.Conversely, much heat is given off by water for even :
temperature. The vast amount of water on the surface of Earth thus acts

a small drop in
as a giant heat
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reservoir to moderate daily temperature variations. For thlS reason water is. an excellent

cooler in industries.

o Water has a high heat of vaporization. So a large amount of heat is required to evaporate
small amount of water. This is of enormous importance for us. How? Large amount of
body heat can be dissipated by the evaporation of small amount of water (perspiration)
from the skin. This property also accounits for the climate-modifying property of lakes and
oceans. Thus-in summer it is cooler near a large water body of water (lakes, river, and

seas) than in mtenor land areas.

15.1.4 Composition of Water
How cari you split water?

Water is normally a poor conductor of electncuty However, when electricity is passed
through acidified water in a voltameter, water decomposes (Flgure 15.2). It gives hydrogen and
, oxygen At whlch electrode hydrogen is produced?

External source
emf

Oxygen Water | | Hydrogen
bubbles \[_ 5| with "= bubbles
R soluble| {/

o of salt

i) Il

Anode Cathode

Figure 15.2The electrolysis of water

The process is called electrolysis and the reaction can be written as

2HO ————>2H2(g)+ Oz(g)

The splitting of water molecules produces double amount of hydrogen as compared to oxygen.

This means hydrogen and oxygen in water are in the ratio of 2:1 by volume.
e s iy

15.2 WATER AS SOLVENT

Water is very good at dissolving substances For this reason natural water such as
a'leateralnd groundwater is not pure water. As water falls through the atmosphere, it dissolves,
* litlg OXxygen, nltrogen carbon dioxide,-and dust particles. During thunder storms, it also

L - | >
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d soils as it moves along gy
dissolves nitric acid. Ground water dissolves minerals from rocks and S0 gon

or beneath Earth's surface. Ground water also dnssolves many substances from decaying plantg
and ammals

The ability of water to dissolve a wide variety of substances is due to its two. propemes
the polanty of water molecules and the ability of water molecules to form hydrogen bonds. Yoy
have learned about these properties in grade IX. Water molecules are strongly attracted to iong
-and polar molecules with which water can form hydrogen bonds. If these attractions are strong
enough, they overcome the attractions between the molecules or ions of the other substance
and in this way the substance dissolves. Thus water soluble substances.include a wide range of
substances. They may be ionic solids, polar substances and hydrogen bonded compounds

Water quality is defined by its physmal. chemical, biological and aesthenc chal_'act_enstics.
A healthy environment is one in which the water quality supports community of organisms and
protect public health. If water quality is not maintained, not only environment will suffer but the
commercial and recreational value of our water resources will also diminish. Many of our own

‘uses depend on water. quality, which is suutable for drinking. Washing, |rr|gat|on fi shmg and
= recreatnon _

15.3 SOFT AND HARD WATER

— <A Rk : *!m
- Water that easily gives lather with soap and does not form scum is called soft water.

Water that gives little lather or forms scum with soap is called hard water
Which water is soft, tap water or distilled water? ;
Have you ever noticed that the Pan which is regularly used for boilin
- : wat
yellowish deposits at its bottom and sides? : o S L Ehie o

Rainwater dissolves carbon dioxide as it falls throu

gh the atmos her
reacts with water to produce carbonic acid, which is a weak acid. & eton ledee

COZ(G) k Hzom ___‘)Hzco = 3 o

3(aq)

1
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; , sses 1ve( or through the _— containmg calthim cai-be'nate o
| magnesium carbonate the amd present in. 'lt'attacks these rocks It slowly dussolves themr, —
:-:.,formlng calclum and magnesmm hydrogen carbonates ' =

”__co3( )———>Ca (HCO )M

s

._}_}_ H Coa(aq)—"—)Mg (HCO )2(aq)

s um (C3804 2H20)or anhydnde (CaSO0a) or Klesente
of these dissolved salts causes

| Hardness in water can be dwnded into two types, teniporary and —poﬁnanent. :
Temporary hardness is so called because it can be removed by boiling.
p6Permanent hardness is so called because it cannot be removed by boiling
rary hardness is caused by the presence of dissolved calc
ium or magnesium h
rbonates Whereas permanent hardness is caused by the presence of d?ssolved ik
and chlorides of calclum or- magnesmm s

0

bl G
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Hard water hampers cleansing action-o“f_’s'aéb-. Hard water keeps s0ap from getting
ore on extra soap and cleaning

laundry and dishes really clean, causing to spend M
products.

Society, Technology and Science
It is difficult to make the soap lather in hard water. Instead, the water becomes cloudy. This
cloudiness is due to the formation of a white precipitate by the reaction of Ca*? or Mg*? ions
present in hard water and soap. This white precipitate iS known as scum. Hard water leaves
scum on the fabrics, which gives a grey or yellow appearance to white fabrics.@o hard water

hrarmp_ersr clea‘nrsing{action, of soap.w}-,a 7

Science Titbits _ |
water, detergents have been produced.
e they do not react with calcium or
dable. Bacteria

“To overcome the problem of scum formation in hard
ijét_eifg:éﬁtsfdo,'not produce a scum. This is becaus
‘.maghféSiurfi7ionSfpre’sent in hard water. Also detergent molecules are biodegra
can easily break these molecules, So they do not persists in the environment.

15.5 METHODS OF REMOVING HARDNESS

=y Téke_ s;bme,tempor_ary hard water = =
= Heat’ift‘o"rhake waterboil. = :
' Boil it for about 100 15 mintes.
ool ftantestuihsozp, whathappens?

a) Methods to remove temporary hardnesé_.
) By Boiling ' ' =

- Hardngss of,:ater can be removed simply by boiling. During boiling the soluble calciu™
an +2magnesufm hydrogen carbonates are decomposed forming insoluble carbonates: Sinc?
Ca*2and Mg*2ions are removed as insoluble carbonates, water becomes soft

M (Hcoa)z(.q)—'*MCOm, * COZ(G) s Hzo

(U]
Where M = Ca*2or Mg*2 :

Unfortunately, this method is too expensive to rem

: of
the large scale. : nove temporary hardness of wate'




laked Iime (Clark’s method)

hardness in water on the Iarge scale can be rem
lime in it. The slaked lime reacts wrth the hyd

oved by addmg an estimated
rogen carbonates to form

nates.
 cafHco, )2( + Ca (OH),, ——-——>2CaCo3(s)+ w_

.Mg (Hco Yot Ca(OH)z(‘)—f——+CaCO3(s,+ MgCOa(s) + 2H Om

b) 'Mothodsm romovo

= ;i) By addlng washing soda.

: On the Iarge.scale permanent hardness in

(Nazco A OHZO) Ca+2 and Mg+2 ions are remo

= == 2 - =
M*m) + CO; (aq)—"')MCO:us) :

Where M Ca+2 Mg+2

ved as therr msoluble carbonates

through a contalner fi Iled with a suitable resin conta:mng sodium
hanger. Chemlcally it is sodium aluminum silicate. Itis

% jons causmg the hardness ars exchanged w1th Na*

ii) 7 By Ion Exchanga Resins

~ The hard water is passed

':ons Zeolite is one of the natural ion exc

usually written asNa,z “The Ca*’ or Mg
: ions In the resin = 250

B Mzcm e Nazz(s)f‘—_’ 2Na', + MZ

~ Where M*2 = Ca'2, Mg*2

pormanenthardness Srae = =

water can be removed by addlng washmg soda

W bRy
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= The used up zeolite can be regenerated by heating with concentrated solution of NaCl. -

- This makes the process economical. :
CaZ, + 2NaCl,,——Na,Z, + CaClyy

| Selt ~ASSO8ST mm E!(eft‘u,e‘
Complete the following reactions
i)  Ca(HCO,), heat——

2(eq)
i)  Ca (HCO,), + Ca (OH),—

i) Ca”,_+ NaZ—>

2(aq)

iv) g . T Nas—

+2 == -2
vy N ot GO

vi) - Ca®+ o, . ——

(aq) _ : == :

15.6 DISADVANTAGES OF WATER HARDNESS

/e Hard water wastes a lot of soap, when used for washing - 4

~ The soap forms scum with hard water, which adhere to the clothes béiﬁg washed. Scum
can spoil the finish of some fabrics. * : : '

e Cause kettles to fur. v .
© - Can cause hot water pipes, boilers and car radiators to block due to the fomaﬁon of
~insoluble calcium and magnesium salts, causing great damage.

15.7WATER POLLUTION

Water is very good at dissolving substances. This is due to i :
molecules and the ability of its molecules to form hydrogen bonds. As \:rhaeterpofrlta):'lty ra‘i):l ::j ‘::ter
flows over rocks and through soil, it dissolves minerals. The fresh water we drink or use fc ow
daily life processes is a dilute solution containing a number of minerals. When these 'Of our
are in sufficient concentration, water becomes unfit for human use. Many human acﬁvi:in inerals
result in the contamination of the surface and ground water. Several forms of poliuta es also
water bodies. The human activities such as(house hold wastes, agricultural wa nts affect
wastes, pesticides, oil leaks, detergents, septic tanks, petroleum; natural cae. " oRO%K <1 /--,
result in contamination of water bodies. We will discuss about Household wga s Pl'oduction_ ay
~ wastes in this unit. You will learn about other types of wastes in higher gréd e:tes and industrial




-

ry lI: Watér : ' e

e : mclude human wastes, ||vestock wastes, soaps and detergents paints
and oi and vegetable wastes, garbage etc. Although detergents have strong cleansing action
than soap, but they . remain in water for a long time and make water unfit for aquatic life. When

“household water containing detergents is . discharged in lakes, ponds, rivers etc. it causes death of
taminate surface and

“aquatic life. Chemml and bactenal contents in household water can con
underground water. Bactenal contents may cause i ch as cholera, jaundice,

infectious diseases su
hepatttls typhmd dysentery etc

Industrial Wastes — t _ : , ,
Manufacturmg of mdustnal products is always accompamed by some by—product_s and
be in the form of waste heat, smoke, solid or waste

effluents. These waste products may
y contain highly toxic compounds and heavy metals such as
h problems, such as

cause serlous healt
1
dlseases nausea dlzzmess and cancer J

pen land or into water bodles,

waste

water eTﬂuents These wastes ma
¢. These toxic substances

~ Pd, Cd, Cr, Hag, As, Sb et
high blood pressure, kidney

, nervous disorder, anemla
= lndustnal units generally discharge their wastes either to 0
Iakes ponds rivers or oceans. Water from leather tanneries contains large quantities of
- chromium (VI) salts. Chromium (V1) ions are hnghly toxic and known to cause cancerﬂndustnal
wastes cause ureverstble degeneratton of the envrronment causmg serious health problems for
publlc and marine hfe , e =

a5ty i
|
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| 2. Coagulation: It is the proééss in which water is treated with slaked lime and alum. These

materials react to form a gelatinous mass of aluminum hydroxide

3Ca (OH),,_+ AlL(SO,),, —>2AI(OH), + 3CaSO,,,

2(a 3(aq)
The aluminum hydroxide carries down dirt particles and bacteria.
Filtration: :
The water is then filtered through sand and gravel. Sometimes it is filtered through charcoal

to remove coloured and odorous compounds.
Chlorination:

In the final step, chlorine is added to kill any remaining bacteria. Chlorine reacts with water |

to form hypochlorous acid HCIO which kills bacteria.

aq)

Clz(aq)+ HZO“)——>HCIO(aq)+ H*(aq)+ CI‘(

( Raw Water smge- | Sedimentation | g | Coagulation =i Fitration | ssss@es—| Chiorination | sss@s= Pure Water

Figure 15.3: Flow sheet diagram for water purification plant

N

~ In many countries, sewage water is passed through certain treatment stages before it is

. Primary sewage treatment (See figure 15.4)

Society, Technology and Science :
©) m(a/ [’\)UC) St';c m
L \— Sewage Water Treatment ) &) , é Q/r
discharged into a lake, stream, river or ocean. This treatment involves following steps.

Primary treatment removes some of the solids as sludge. For this purpose waste water is
allowed to stand in a large sedimentation tank to remove suspended particles.

Secondary Sewage Treatment
Effluent from the primary treatment is passed through sand and gravel filters. There is

some aeration in this step, and aerobic bacteria convert most of th

e organic matter to
stable inorganic materials. : : -

Activated Sludge Treatment

The sewage is then placed in tanks and aerated with large blowers. This results in the
formation of large, porous clumps, which absorbs contaminants. The aerobic bacteria

further convert the organic material to sludge. This sludge is stored on land or sometimes
used as fertilizer.

Chlorination .
The effluent from sewage plant is treated with chlorine to kil any remaining pathogenic

7

microorganisms. F

[



: Self-Assessment Exercrse 15.5

Compare modem water treatment and sewage treatment centers and processes.

‘# Secondary

Frgure 15.4 Flow sheet draqram for primary sewage treatment plan

ewage T"reatment

1998 2 Chiorination ) Water Bodies

Figure 15 5 Flow sheet dlagram for secondary sewage treatment plant '

15.8. WATERBORNE DISEASE

Human wastes are dumped on the ground or into the nearest stream. Human waste
contains pathogenlc microorganisms. These organisms
are transmltted though food, water and direct contact. | Do you know?
These ‘microorganisms may cause typhoid fever, Chlonnatlon is not effective
dysentery and hepatitis. Chemical and bactenal contents agalnst vrruses such as those
in livestock waste can pollute surface and ground water | thatcause hepatltls
causing above mentioned diseases. Hepatitis a viral
. dlsease occasronaﬂy spread through drinking water.

- 5

Unclean water supplres poor sanitation and poor |
~h hygiene kill 2, 668 000 people worldwide each year.

Water in swimming pools is purified from
pathogenic organisms by aeration and chlorination.

Some waterborne diseases are given below.

Cholera

Cholera is an intestinal disease. It is caused by
bacteria such as vibrio cholerae, E.coli etc. which may be present in water contaminated with
human wastes. It is characterized by vomiting and purging.
Dysentery

Dysentery is also an intestinal disease. It is caused by parasite, Entamoeba_ This infection
is transmitted by faecal contamination of water or food by encysted organism, Patients have milg

\ S
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5%

to severe abdominal cramps, diarthea, chocolate coloured stool with mucous and sometimes
with blood.

Jaundice

This disease proceeds from obstruction of liver. Excess of bile from the liver enters in the

blood and causes yellowness of skin and eyés. It leads to 10SS of appetite, weakness and fatigue.

Hepatitis

Hepatitis is acute inflammation of liver. It is caused by viruse
A, B, C, D and E. Hepatitis A and E spreads through polluted water.

Typhoid

Typhoid is a dangerous intestinal disease. It spreads
such as salmonella typhi, salmonella paratyphi, and salmonellaenteritidis. It is characterized by

continuous fever between 101°F to 104°F and irregular pulse.

s, and classified as Hepatitis

by polluted water containing bacteria

Se|f~Asserssme'ht Ex.éri:ise '1 56

e

4. List some water borne diseases.

2 List sources of water borne diseases.

3. List steps used in sewage water treatment.
4. List steps used in raw water treatment.

5. Write effects produced by industrial wastes.
6. Write names of six household wastes.

SKILLS

To test water quality by checking its colour, odour, hardness and conductivit
; and conductivity

Carry out the following:

Obtain water samples from nearest water body and car
= Note its colour and odour. carry out the following.

= Check hardness as described in activity 1
= Determine boiling point of water ty 154,

s Check the electri ivi
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=

* Good quality water is colourless, odorless and tasteless. It produces good lather
with soap. Pure water has least conductivity. Pure water boils at 100°C s

To purify impure water by distillation
.Perform this activity,in;the laboratory.

You will need: - A
e Around bottom flask with side arm, thermometer, a glass condenser, a conical flask.

i Tripo‘d—sﬁhd, plastic tubes, stand, Bunsen burner.
e Sample of impure water.

Carry out the following:
1. Place water sample in the round bottom flask and place it on the tripod stand.

2. Fix thermometer on the mouth of the flask.

waterin
Receives— /

= Distillate

Figure 15.6: Distillation apparatus _
Connect one end of condenser with the round bottom and other end with the conical

flask. See figure 15.6 for the assembly.
3. Connect lower side arm of condenser with the plastic tube to the water tap. Connect

upper side arm with another plastic tube to drain circulating water.
Heat water sample and open tap so that water circulates through the condenser.

5. Observe what happens.
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1

< An enormous amount of water is found on the Earth, but the fresh water available t
is only 0.2% of the total : =

& Water that easily gives Iather with soap and does not form scum is called soft water.

<  Water that gives little lather or forms scum with soap is called hard water.
- & Temporary hardness is the one which can be removed by boiling. '

< Permanent hardnesé is the one which cannot be removed by boiling

0 man

|
3
[
|
|
|
|

%  Hard water hampers cleanmg action of soap.

< Hepatitis a viral disease occasmnally spreads through drinking water.

poor sanitation and poor hygiene kil 2,668,000 people worldwide

* & Unclean water supplles
~each year.
References for addihonal informations.
R Chemlstry Kelter, Carr, Scott.
°‘° Environmental Chemistry, Barid, Colin.

2 , Envnronmental Science, Richard Wright, RT.W nght

ST Y LR h_‘Immmmnkmm~

Q1. Select the correct answer.
Percentage of sodium chioride in sea water is
“a) 002 b) 34 ¢) . 97 g 9
i)  The density of water is maximum at
G eoC . (b)) 4% o 100°C. Genid) 4G
iii) Which salt does not cause the water to become hard?
a)- = calcium hydrogen carbonate ;
b) magnes‘i'um“hydrogen carbonate
C) magnesium sulphate.
d) Sodium chlpride.
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— = -
iv)  Which salt causes temporary hardness in water? |

a) magnesium sulphate
b) calcium sulphate

c) both calcium sulphate and magnesium sulphate
magnesium hydrogen carbonate
V) Heating calcium hydrogen carbonate produces
a).—=-C0;= by HO c) CaCoO, all of these
vi)  Which of the followings is not a water born disease? ;
a)  hepatitis b) typhoid c)  dysentery anemia
vii)  Which human activity results in contamination of water bodies?
‘ a) livestock waste b) pesticides
c) septic tanks all of these
viii)  Which is used to remove permanent hardness in water?
a) slaked lime washing soda
-c) ~ boiling water d) all of these
: 2 Give short answers.
' . List the impurities present in rain water
ii.  List toxic substances present in household wastes. .
iii. Inwhatways, industrial wastes pollute water.
iv. Whatis water pollution?
V. \ List some waterbome diseases
: vi. Whatare pathogenic microorganisms?
3. - What is hard water? Why is it sometimes undesirable?
\ £in Li-st two wzfys in which lakes and streams become poliuted.
s 5. Give chemical equations for the N
‘_l‘ e a) reaction of slaked lime with alum. ; )
\ b) carbonated rain water with lime stone.
Z C)

reaction that occurs when temporary harg i '
d) Caions interact with sodiumzeolite IS boiled.

buildings made of limestone he affect,
Cted

1. vuake alist of main methods of softening hard w
equation fo summarize the chemical reactiong ater. In each case write a chem‘“' ;

g Listsome disadvantages of water hardnegg n 2

by acid rain?

Volved.




th's four mnln water sources? Pg# (127
fow does hard wator differ from soft wator?
‘-What is the purpose of coagulation in water treatmont?

Explain how hard water hampers the cieansing action ef s08§:
.  Why are municipal water supplies treated with aluminiumsuigfiate and slakad lime?
. Whatare somo health effects of blologlcal contamlnaﬂon of Bater?

= "Wme a word ‘and balanced chomlcai equaﬂem to show the oﬂ'ect af heat on-
= ' magnesium hydrogen carbonate In an agueous solution. : -

f Think-Tank

1 Why ls it eoolor near a hko than lnland during summer?
»—Evalulu the option, ien oxchlnge resins can be usod to rsimove tsmporary
= hardms :
L Pubﬁc hu_lth doponds onh water quamy leo argumenu
19, "'f,—ffl-hr‘a ter causes kettles to fur. This fur cen ba removed by m!ng sn mti Justify.
). The following chemical equation is about a caleium compauﬁd
+Ca (OH)z 7 CompB + HO =
CompB+HCO, CompC o -
o Name and give the formula of
B = Compound A
e ~ Compound C - -
= 2 =b) - Descnbe ‘with the ald of a balanoed chemlcal equatnon What happens when
T wcampound Cis heated? :
= c)_ e Compound C s soluble in water. Write a balanced chemical equation to show what
happens when its aqueous solutzon is treated with washing soda?
21. ‘How chwmisuy holps maintain & clean swimning pcd? Expiain, 3
= 22 ltis advlsable io washhandz well with $08p mnu!ng bathweemns, cvmm it
s 3 mmmhumnmmmmmmdmtmmp;m
24.
25

4  Evaluate the sdvantages of waste water treatments. -

= ,"Wamhomdlpmnsannoion com v
P chwlontd shunirten. Deleed b



