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Introduction	

We	live	on	a	planet	that	is	dominated	by	water.	More	than	70%	of	the	Earth’s	
surface	is	covered	with	this	simple	molecule.	Scientists	estimate	that	the	
hydrosphere	contains	about	1.36	billion	cubic	kilometers	of	this	substance	mostly	
in	the	form	of	a	liquid	(water)	that	occupies	topographic	depressions	on	the	Earth.	
Water	is	also	essential	for	life.	Water	is	the	major	constituent	of	almost	all	life	
forms.	Most	animals	and	plants	contain	more	than	60%	water	by	volume.	Without	
water	life	would	probably	never	have	developed	on	our	planet.	

Water	has	a	very	simple	atomic	structure.	This	structure	consists	of	two	hydrogen	
atoms	bonded	to	one	oxygen	atom.	The	nature	of	the	atomic	structure	of	water	
causes	its	molecules	to	have	unique	electrochemical	properties.	The	hydrogen	
side	of	the	water	molecule	has	a	slight	positive	charge.	On	the	other	side	of	the	
molecule	a	negative	charge	exists.	This	molecular	polarity	causes	water	to	be	a	
powerful	solvent	and	is	responsible	for	its	strong	surface	tension	

Water	Cycle	

The	Water	Cycle	(also	known	as	the	hydrologic	cycle)	is	the	journey	water	takes	as	
it	circulates	from	the	land	to	the	sky	and	back	again.	



	

The	Sun’s	heat	provides	energy	to	evaporate	water	from	the	Earth’s	surface	
(oceans,	lakes,	etc.).	Plants	also	lose	water	to	the	air	(this	is	called	transpiration).	
The	water	vapour	eventually	condenses,	forming	tiny	droplets	in	clouds.	When	
the	clouds	meet	cool	air	over	land,	precipitation	(rain,	sleet,	or	snow)	is	triggered,	
and	water	returns	to	the	land	(or	sea).	Some	of	the	precipitation	soaks	into	the	
ground.	Some	of	the	underground	water	is	trapped	between	rock	or	clay	layers;	
this	is	called	groundwater.	But	most	of	the	water	flows	downhill	as	runoff	
(underground),	eventually	returning	to	the	seas	as	slightly	salty	water.	

Sources	of	Water	

• Rain	water	

• Spring	water	

• Well	water	

• River	water	

• Lake	water	

• Tap	water	

• Sea	water	

	



Types	of	Natural	Water	

There	are	four	major	types	of	natural	water:	

Rain	Water:	This	is	the	purest	form	of	natural	water	because	it	is	formed	as	a	
result	of	the	condensation	of	water	vapour	in	the	atmosphere.	Rain	water	
contains	small	impurities	like	gases	such	as	CO2	from	the	air	and	also	dust	
particles	present	in	the	air.	Dissolved	oxygen	and	nitrogen	will	always	be	present	
in	rain	water.	

River	Water:	Rivers	are	used	extensively	for	sewage	disposal.	River	water	contains	
a	lot	of	dissolved	air,	mineral	salts,	bacteria	and	organic	remains.	It	is	dirty	and	
needs	to	be	purified	especially	before	drinking.	

Spring	Water:	Spring	water	is	purer	than	river	water.	It	contains	a	considerable	
amount	of	mineral	salts	but	very	little	suspended	impurities	such	as	dust	and	
bacteria.	It	is	good	for	drinking	

Sea	Water:	This	is	the	most	impure	form	of	water	because	impure	water	is	
constantly	flowing	into	it	and	at	the	same	time,	pure	water	is	constantly	leaving	it	
by	evaporation.	The	main	inorganic	metallic	salt	present	in	sea	water	is	sodium	
chloride,	but	magnesium,	calcium	and	potassium	salts	are	also	present.	Of	all	the	
solid	impurities	in	sea	water,	the	most	important	ones	are	calcium	
tetraoxosulphate	(VI)	and	calcium	hydrogentrioxocarbonate	(IV)	

Types	of	Water	

Water	is	of	two	types	namely	hard	and	soft	water	

Hard	Water	–	Hard	water	will	not	lather	readily	with	soap.	It	contains	a	numbe	rof	
dissolved	salts,	the	most	being	calcium	tetraoxosulphate	(vi),	magnesium	
tetraoxosulphate	(vi).	Hard	water	is	formed	when	water	percolates	through	
deposits	of	limestone	and	chalk	which	are	largely	made	up	of	calcium	and	
magnesium	carbonates.	

Advantages	of	Hard	Water	

• It	has	dissolved	mineral	contents	



• The	calcium	salt	present	in	hard	water,	when	taken	by	animals	can	help	
build	strong	bones	

• Hard	water	helps	animals	such	as	snails	to	make	their	shells	

• Hard	water	can	be	supplied	in	pipes	made	of	lead	and	it	wont	dissolve	the	
lead.	

Disadvantages	

• It	requires	lots	of	soap	for	washing.	It	wastes	soap	

• It	causes	furring	in	Kettles	and	broilers	

• It	cannot	be	used	in	dyeing	and	tanning	as	the	salts	in	it	interfere	with	the	
modes	of	actions	of	the	processes	

Soft	Water	

Soft	water	is	water	which	has	relatively	low	concentration	of	calcium	carbonate	
and	other	ions	.	The	water	that	lathers	with	soap	easily	is	called	or	known	as	soft	
water.	It	describes	type	of	water	that	contain	few	or	no	minerals	like	calcium	(Ca)	
or	magnesium	(Mg)	ions.	

		

Uses	of	Water	

• Domestic	Purposes	–	cooking.	drinking.	bathing.	washing.	

• Agricultural	Purposes	–	farming,	gardening,	fisheries,	irrigation	

• Industrial	Purposes	–	manufacturing.	

• Recreation-		swimming,	rafting,		boating.	

• Hydropower	generation.	

• For	building	construction	

• For	the	generation	of	steam	for	industrial	use	and	electricity	generation	

• For	the	manufacture	of	hydrogen,	oxygen	and	water	gas	

• As	a	solvent.	



What	makes	water	a	universal	solvent	

The	following	properties	of	water	make	it	a	universal	solvent	

(i)	Water	is	a	polar	molecule	

(ii)	Water	can	form	hydrogen	bonds	with	other	polar	compounds.	

(iii)	Water	dissolves	many	substances	by	reacting	with	them	chemically.	

(iv)	Water	is	cheap	and	easily	available	everywhere.	

Water	Pollution	

Water	pollution	has	been	extensively	documented	as	a	contributor	to	health	
problems	in	humans	and	marine	animal	ecosystems.		It	has	a	huge	impact	on	our	
lives,	and	if	we	do	our	part	by	not	throwing	trash	or	chemicals	into	our	water	
supplies	and	drains,	we	can	contribute	to	the	improvement	of	aquatic	life	and	of	
our	health	in	general.	

What	is	water	pollution?	

Water	pollution	is	any	chemical,	physical	or	biological	change	in	the	quality	of	
water	that	has	a	harmful	effect	on	any	living	thing	that	drinks	or	uses	or	lives	(in)	
it.	

In	other	words,	water	pollution	is	the	contamination	of	water	bodies	(e.g.	lakes,	
rivers,	oceans,	aquifers	and	groundwater),	very	often	by	human	activities.	

It	has	been	suggested	that	it	is	the	leading	worldwide	cause	of	deaths	and	
diseases	and	that	it	accounts	for	the	deaths	of	more	than	14,000	people	daily.	
Water	covers	70%	of	the	Earth’s	surface	and	makes	up	over	60%	of	the	human	
body.		Water	pollution	affects	marine	ecosystems,	wildlife	health,	and	human	
well-being.		The	answer	to	solving	pollution	is	to	make	changes	in	our	daily	habits	
and	pay	more	attention	to	the	types	of	products	we	consume.		The	following	lists	
display	causes	of	water	pollution	and	the	effects	it	has	on	human	health	and	the	
environment.	

	

	



Types	of	water	pollution	

There	are	many	types	of	water	pollution	because	water	comes	from	many	
sources.	Here	are	a	few	types	of	water	pollution:	

1.	Nutrients	Pollution	
Some	waste	water,	fertilizers	and	sewage	contain	high	levels	of	nutrients.	If	they	
end	up	in	water	bodies,	they	encourage	algae	and	weed	growth	in	the	water.	This	
will	make	the	water	undrinkable,	and	even	clog	filters.	Too	much	algae	will	also	
use	up	all	the	oxygen	in	the	water,	and	other	water	organisms	in	the	water	will	
die	out	of	oxygen	from	starvation.	

2.	Surface	water	pollution	
Surface	water	includes	natural	water	found	on	the	earth’s	surface,	like	rivers,	
lakes,	lagoons	and	oceans.	Hazardous	substances	coming	into	contact	with	this	
surface	water,	dissolving	or	mixing	physically	with	the	water	can	be	called	surface	
water	pollution.	

3.	Oxygen	Depleting	
Water	bodies	have	micro-organisms.	These	include	aerobic	and	anaerobic	
organisms.	When	to	much	biodegradable	matter	(things	that	easily	decay)	end	up	
in	water,	it	encourages	more	microorganism	growth,	and	they	use	up	more	
oxygen	in	the	water.	If	oxygen	is	depleted,	aerobic	organisms	die,	and	anaerobic	
organism	grow	more	to	produce	harmful	toxins	such	as	ammonia	and	sulphides.	

4.	Ground	water	pollution	
When	humans	apply	pesticides	and	chemicals	to	soils,	they	are	washed	deep	into	
the	ground	by	rain	water.	This	gets	to	underground	water,	causing	pollution	
underground.	This	means	when	we	dig	wells	and	bore	holes	to	get	water	from	
underground,	it	needs	to	be	checked	for	ground	water	pollution.	

5.	Microbiological	
In	many	communities	in	the	world,	people	drink	untreated	water	(straight	from	a	
river	or	stream).	Sometimes	there	is	natural	pollution	caused	by	microorganisms	
like	viruses,	bacteria	and	protozoa.	This	natural	pollution	can	cause	fishes	and	
other	water	life	to	die.	They	can	also	cause	serious	illness	to	humans	who	drink	
from	such	waters.	



6.	Suspended	Matter	
Some	pollutants	(substances,	particles	and	chemicals)	do	not	easily	dissolve	in	
water.	This	kind	of	material	is	called	particulate	matter.	Some	suspended	
pollutants	later	settle	under	the	water	body.	This	can	harm	and	even	kill	aquatic	
life	that	live	at	the	floor	of	water	bodies.	

7.	Chemical	Water	Pollution	
Many	industries	and	farmers	work	with	chemicals	that	end	up	in	water.	These	
include	chemicals	that	are	used	to	control	weeds,	insects	and	pests.	Metals	and	
solvents	from	industries	can	pollute	water	bodies.	These	are	poisonous	to	many	
forms	of	aquatic	life	and	may	slow	their	development,	make	them	infertile	and	kill	
them.	

8.	Oil	Spillage	
Oil	spills	usually	have	only	a	localized	affect	on	wildlife	but	can	spread	for	miles.	
The	oil	can	cause	the	death	of	many	fish	and	stick	to	the	feathers	of	seabirds	
causing	them	to	lose	the	ability	to	fly.	

	

In	BP	Oil	spill	in	2010,	Over	1,000	animals	(birds,	turtles,	mammals)	were	reported	
dead,	including	many	already	on	the	endangered	species	list.	Of	the	animals	
affected	by	the	spill	that	are	still	alive	only	about	6%	have	been	reported	cleaned,	
but	many	biologists	and	other	scientists	predict	they	will	die	too	from	the	stress	
caused	by	the	pollution	

	

	

	



GLOBAL	WATER	POLLUTION	

Global	warming	is	also	imparting	additional	heat	to	the	oceans.	Estimates	suggest	
that	nearly	1.5	billion	people	lack	safe	drinking	water	and	that	at	least	5	million	
deaths	per	year	can	be	attributed	to	waterborne	diseases.	

Fighting	Global	Warming	

In	terms	of	water	pollution,	there	are	two	main	threats	from	global	warming:	

• Ocean	Acidification	

• Ocean	Temperature	

Causes	of	Water	Pollution	

• Sewage	from	domestic	households,	factories	and	commercial	buildings	
Sewage	that	is	treated	in	water	treatment	plants	is	often	disposed	into	the	
sea.		Sewage	can	be	more	problematic	when	people	flush	chemicals	
and	pharmaceutical	substances	down	the	toilet.	

• Dumping	solid	wastes	and	littering	by	humans	in	rivers,	lakes	and	
oceans.		Littering	items	include	cardboard,	Styrofoam,	aluminum,	plastic	
and	glass.	

• Industrial	waste	from	factories,	which	use	freshwater	to	carry	waste	from	
the	plant	into	rivers,	contaminates	waters	with	pollutants	such	as	asbestos,	
lead,	mercury	and	petrochemicals.	

• Oil	Pollution	caused	by	oil	spills	from	tankers	and	oil	from	ship	travel.		Oil	
does	not	dissolve	in	water	and	forms	a	thick	sludge.	

• Burning	fossil	fuels	into	the	air	causes	the	formation	of	acidic	particles	in	
the	atmosphere.		When	these	particles	mix	with	water	vapor,	the	result	is	
acid	rain.	

• An	increase	in	water	temperature	is	caused	by	global	warming	and	thermal	
plants	that	use	lakes	and	rivers	to	cool	down	mechanical	equipment.	

	

	



Effects	of	Water	Pollution	

• Groundwater	contamination	from	pesticides	causes	reproductive	damage	
within	wildlife	in	ecosystems.	

• Sewage,	fertilizer,	and	agricultural	run-off	contain	organic	materials	that	
when	discharged	into	waters,	increase	the	growth	of	algae,	which	causes	
the	depletion	of	oxygen.		The	low	oxygen	levels	are	not	able	to	support	
most	indigenous	organisms	in	the	area	and	therefore	upset	the	natural	
ecological	balance	in	rivers	and	lakes.	

• Swimming	in	and	drinking	contaminated	water	causes	skin	rashes	and	
health	problems	like	cancer,	reproductive	problems,	typhoid	fever	and	
stomach	sickness	in	humans.		Which	is	why	it’s	very	important	to	make	sure	
that	your	water	is	clean	and	safe	to	drink.	

• Industrial	chemicals	and	agricultural	pesticides	that	end	up	in	aquatic	
environments	can	accumulate	in	fish	that	are	later	eaten	by	humans.		Fish	
are	easily	poisoned	with	metals	that	are	also	later	consumed	by	
humans.		Mercury	is	particularly	poisonous	to	small	children	and	
women.		Mercury	has	been	found	to	interfere	with	the	development	of	the	
nervous	system	in	fetuses	and	young	children.	

• Ecosystems	are	destroyed	by	the	rising	temperature	in	the	water,	as	coral	
reefs	are	affected	by	the	bleaching	effect	due	to	warmer	
temperatures.		Additionally,	the	warm	water	forces	indigenous	water	
species	to	seek	cooler	water	in	other	areas,	causing	an	ecological	damaging	
shift	of	the	affected	area.	

• Human-produced	litter	of	items	such	as	plastic	bags	and	6-pack	rings	can	
get	aquatic	animals	caught	and	killed	from	suffocation.	

• Water	pollution	causes	flooding	due	to	the	accumulation	of	solid	waste	and	
soil	erosion	in	streams	and	rivers.	

• Oil	spills	in	the	water	causes	animal	to	die	when	they	ingest	it	or	encounter	
it.		Oil	does	not	dissolve	in	water	so	it	causes	suffocation	in	fish	and	birds.	

	



	

	Prevention	of	water	pollution	

Dealing	with	water	pollution	is	something	that	everyone	(including	governments	
and	local	councils)	needs	to	get	involved	with.	Here	are	a	few	things	you	can	do	to	
help.	

• Never	throw	rubbish	away	anyhow.	Always	look	for	the	correct	waste	bin.	If	
there	is	none	around,	please	take	it	home	and	put	it	in	your	trash	can.	This	
includes	places	like	the	beach,	riverside	and	water	bodies.	

• Use	water	wisely.	Do	not	keep	the	tap	running	when	not	in	use.	Also,	you	
can	reduce	the	amount	of	water	you	use	in	washing	and	bathing.	If	we	all	
do	this,	we	can	significantly	prevent	water	shortages	and	reduces	the	
amount	of	dirty	water	that	needs	treatment.	

• Do	not	throw	chemicals,	oils,	paints	and	medicines	down	the	sink	drain,	or	
the	toilet.	In	many	cities,	your	local	environment	office	can	help	with	the	
disposal	of	medicines	and	chemicals.	Check	with	your	local	authorities	if	
there	is	a	chemical	disposal	plan	for	local	residents.	

• Buy	more	environmentally	safe	cleaning	liquids	for	the	use	at	home	and	
other	public	places.	They	are	less	dangerous	to	the	environment.	

• If	you	use	chemicals	and	pesticides	for	your	gardens	and	farms,	be	mindful	
not	to	overuse	pesticides	and	fertilizers.	This	will	reduce	runoffs	of	the	
material	into	nearby	water	sources.	Start	looking	at	options	of	composting	
and	using	organic	manure	instead.If	you	live	close	to	a	water	body,	try	to	
plants	lots	of	trees	and	flowers	around	your	home,	so	that	when	it	rains,	
chemicals	from	your	home	does	not	easily	drain	into	the	water.	

• Governments,	local	councils	and	laws	
Many	governments	have	very	strict	laws	that	help	minimize	water	
pollution.	These	laws	are	usually	directed	to	industries,	hospitals,	schools	
and	market	areas	on	how	to	dispose,	treat	and	manage	sewage.	Do	you	
know	the	laws	in	your	country?	This	is	the	time	to	find	out.	



• In	many	developed	cities,	waste	or	sewage	treatment	is	very	efficient,	and	
designed	to	minimise	pollution	of	water	bodies.	Click	on	the	button	below	
to	see	an	example	of	how	a	good	sewage	(wastewater)	treatment	works.	

Solution		

A	solution	is	a	homogenous	mixture	of	two	or	more	substances	that	exist	in	a	
single	phase.	There	are	two	main	parts	to	any	solution.	

• The	solute	is	the	component	of	a	solution	that	is	dissolved	in	the	solvent;	it	
is	usually	present	in	a	smaller	amount	than	the	solvent.	

• The	solvent	is	the	component	into	which	the	solute	is	dissolved,	and	it	is	
usually	present	in	greater	concentration.	

For	example,	in	a	solution	of	salt	water,	salt	is	the	solute	and	water	is	the	solvent.	
In	solutions	where	water	is	the	solvent,	the	solution	is	referred	to	as	an	aqueous	
solution.	

A	solution	does	not	have	to	involve	liquids.	For	instance,	air	is	a	solution	that	
consists	of	nitrogen,	oxygen,	carbon	dioxide,	and	other	trace	gases,	and	solder	is	a	
solution	of	lead	and	tin.	The	general	rule	of	thumb	for	solutions	is	the	idea	that	
like	dissolves	like.	Polar,	ionic	substances	are	soluble	in	polar	solvents,	while	non-
polar	solutes	are	soluble	in	non-polar	solvents.	For	example,	alcohol	and	water,	
which	are	both	polar,	can	form	a	solution	and	iodine	and	carbon	tetrachloride,	
which	are	both	non-polar,	make	a	solution.	However,	iodine	will	not	readily	
dissolve	in	polar	water.	

Types	of	Solutions	

At	the	molecular	level,	molecules	and	ions	of	a	solute	are	completely	mixed	with	
and	interact	with	those	of	the	solvent	when	a	solute	dissolves	in	a	solvent.	This	
type	of	mixing	is	homogeneous	because	no	boundary	is	visible	in	the	entire	
solution.	In	a	mixture,	differences	may	exist	between	regions	or	parts	of	the	
whole	system.	

Material	exists	in	three	states:	solid,	liquid,	and	gas.	Solutions	exist	in	all	these	
states:	



1. Gaseous	mixtures	are	usually	homogeneous	and	all	gases	mixtures	are	gas-
gas	solutions.	The	air	is	a	natural	gas	solution,	but	its	water	and	carbon	
dioxide	contents	may	vary	depends	on	the	temperature	and	places.	

2. When	molecules	of	gas,	solid	or	liquid	are	dispersed	and	mixed	with	those	
of	liquid,	the	homogeneous	(uniform)	states	are	called	liquid	solutions.	
Solid,	liquid	and	gas	dissolve	in	liquid	to	form	liquid	solutions.	In	general,	
the	terms	solution	and	liquid	solution	are	synonymous.	Gases	and	liquid	
solutions	have	attracted	the	attention	of	most	chemists,	while	material	
scientists	and	engineers	are	more	interested	in	the	manufacture	and	
properties	of	solid	solutions.	

3. Many	alloys,	ceramics,	and	polymer	blends	are	solid	solutions.	Within	
certain	range,	copper	and	zinc	dissolve	in	each	other	and	harden	to	give	
solid	solutions	called	brass.	Silver,	gold,	and	copper	form	many	different	
alloys	with	unique	colours	and	appearances.	Alloys	and	solid	solutions	are	
important	in	the	world	of	materials.	The	research,	development,	
manufacture,	and	production	of	these	material	are	big	business.	

True	Solutions	and	Colloidal	Solution	

When	solute	particles	dissolve	such	that	they	are	able	to	get	in	between	the	
solvent	particles,	the	resultant	homogenous	mixture	is	called	true	solution.	The	
solute	particles,	which	are	simple	molecules	or	ions,	are	too	small	to	be	seen	by	
naked	eye	and	are	called	crystalloids.	Example	of	true	solutions	are	aqueous	
solutions	of	sodium	chloride	and	copper	(II)	tetraoxosulphate	(VI).	

In	false	solutions	or	colloidal	solutions,	the	individual	solute	particles	are	larger	
than	the	particles	of	the	true	solution,	but	not	large	enough	to	be	seen	by	naked	
eye.	Some	examples	of	colloids	are	addition	of	starch	to	water.	Milk	is	also	a	
colloidal	solution	of	fat	in	a	watery	liquid.	

Suspension	

A	suspension	is	a	heterogenous	mixture	of	undissolved	particles	in	a	given	
medium.	The	particles	are	usually	large	enough	to	be	seen	without	the	aid	of	an	
instrument,	and	they	eventually	settle	down	if	left	standing.	



The	slow	settling	at	the	bottom	of	the	particles	is	known	as	sedimentation.	A	
suspension	can	be	separated	by	filtration	or	centrifuge.	The	muddy	water	is	a	
typical	example	of	suspension.	The	muddy	water	will	settle	after	a	time,	if	left	
undisturbed,	leaving	a	brown	residue	on	the	bottom	of	the	containing	vessel	and	
clear	water	above.	

	


