over time?

O What happens to rocks and building materials

Standing the test of time RO
These two monuments are in two ‘ ",.“;w,ﬂ
very different environments. The ""':"-""" .
climate in London is much wetter and "
cooler than in Egypt. Both cities

suffer pollution from cars and

industry. On Cleopatra's needle you

can see that more detail has been

eaten away. The monument in Egypt

has not been exposed to so much

polution and acidic rain, or to

freezing temperatures.

How do rocks and building

materials change?

Rocks are made from individual

crystals or grains of minerals. These Cleopatra’s Needle dates back to This monument in Luxor, gypt

are cemented together into lumps. about 1500 BC, and came to dates back to about 1300 BC.
London in 1819.

Weathering weakens rocks, breaking
them up into smaller pieces and eventually into individual grains and

crystals. The diagram on the opposite page reminds you how rocks and

buildings become weathered.

If soil is acidic, the acid can weather rocks below the
surface. Here the rock exposed to air is weathered
very slowly, but below the surface of the soil chemical

weathering has been much quicker.




Physical weathering
jation: the surface of the r,
is heated through the day, M,‘:f.“ p
expands. It is cooled at night, when
it contracts. This regular expansion
and contraction of the rock

surface makes it flake off like S
peeling an onion. 1

Chemical weathering
Rainwater is naturally acidic
ecause it contains dissolved
carbon dioxide. It reacts with
carbonate minerals in rocks,
as shown by the equations below.
Acid rain, which contains more
s_trongly acidic pollutants,
IS even more damaging.
. l't reacitslmt:‘re quickly with
minerals in the roc i
Physical weathering Q it to fall apak'.‘::ausmg
freeze-thaw weathering: wateris @
an unusual chemicalin thatit @
expands when it solidifies,
Liquid water seeps into small
cracks. When the temperature
falls, the water freezes and
expands, making
the cracks bigger.
Eventually this can cause
lumps of rock to fall off.

Biological weathering
Plant roots can grow into cracks
in rocks. As they grow they can
push the rock apart, making the
crack bigger. Eventually bits of

the rock start to fall away,
weathering the rock.
Small burrowing animals
living in cracks can also
weather the rock,

Plants cause biological
weathering to both rocks and
buildings.

Language bank O

biological weathering
carbon dioxide

ng words from the Language bank: bl e |
‘made from them contain small crystals and cemented ) .
| mgéther in lumps. These rocks are worn chemical weathering ‘

There are three main types of climate
1), p—— crystals i

exfoliation ]
freeze-thaw weathering ;
b Whatso grains
e acidic ~ minerals
.:,;;HWCGH e ~ physical weathering
4 What do you thi : 9 —

~ Explain which processt

..?

[ E



Acid rain

O What causes acid rain? "

ause 1
pwater. becatl

You know that rocks are chemically weathf!red by::llosphere dissolves

is naturally slightly acidic. Carbon dioxide in the_ ;1 e iattines rain can

in rainwater, forming the weak acid carbonic acn}; il building

have an even lower pH. This acid rain speeds up the ther more quickly:

materials and paints, making rocks and buildings Wf;;:n plants an d

It can make rivers, streams and lakes more acidic, ki ﬁ()t crow I

fish. It affects the soil so that trees and other plants can

Acid rain is a serious environmental problem.

How does acid rain form?
The burning of fossil fuels produces carbo
It also produces other gases such as sulphur

n dioxide and water vapour:

e d nitrogen ;
dioxide an e Carbon dioxide is a non-metq|

dioxide. Like carbon dioxide these also dissolve in rainwater, : E80% andl these tend o by
form stronger acids so are more corrosive. The acidic pollutants may acidic. Rainwater containing
ey fall as acid rain. - dissolved carbon dioxide has o

be carried many miles by the wind before th

- s - B g LA

pH of about 6, but more acidic
' R e pollutants reduce its pH even
s ' RO BRI P further.

et T
o e

Sulphur dioxide and nitrogen
oxides are non-metal oxides.
They react with rainwater to make
strong acids, causing acid rain.

-
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Guess what? \

Nitrogen forms many \.

different oxides, including: \

e nitrogen oxide (NO) .

e nitrogen dioxide (NO;) ‘

e dinitrogen oxide ( N,O)

Scientists use NO, to
represent the mixture of

. R m : : 1
jcle glrﬁ‘u.;. along with other g,umlng coal in power stations is a oxides of nitrogen that form.
= lcp (;"‘Iu»tSaSGS. We can't usually :,l‘or source of sulphur dioxide. This Sometimes SOy is also used
ﬁd‘ dic p nts, but nitrogen pollutant also comes from smelting to represent a mixture of

ide can form brown sm. metal ores, and i f : 4 ;
o 0g. B Tt o :‘:g::s':; sb“m""g different oxides of sulphur.

-

where do acidic pollutants go?
+dic pollutants ce P A
i:fl:re Ellliug 2 S‘LT:J“ be carried long distances in the atmosphere
@ s acid rain. For ex: ¢ ‘
e UK (0 Scandi‘nu\ril::u:(; ;:Jrlt}dn;:)lc. the prevailing winds blow from
; d, at is where our pollutants
‘ Britain wi k = " ants tend to go. In the
;9805 Pl::t u'n .“ e l;"UW" in Scandinavia as ‘the dirty old manof
arope’. Emissions have been reduce : :
j - ed but the UK still pr
pollution. - still pripee

4 2 5 ' T ;“
5 | _% ‘ ;,.‘,_‘.‘: :
»y
374
» and nitrogen oxides .-" Ly

%
d by natural . 3
g volcanoes and :

.

' i‘ Acid rain causes tree leaves t0 4o
4 yellow and fall off; killing the ’

Te g trees. Some parts 0 Germany .
) alsc suffer fro ects of

i rain.

P
o

Fx

acid rain

acidic pollutants

1 Copy and complete using words from the Language bank:
is more strongly

makes rainwater slightly acidic. ———
acidic, and this is caused by acidic pollutants dissolving in rainwater.
These pollutants include ——— and
2 Which human processes are the main producers of:

a sulphur dioxide b nitrogen oxides?
ram with equations t0 explain how acid rain forms.
add a diagram if you want:

carbon dioxide

chemical weal hering

dry deposition

fossil fuels

hydrocarbons

nitric acid

nitrogen oxides, NOy
non-metal oxides
sulphur dioxide, 50,

3 Draw a flow diag
Include the following words, and
trogen oxides

pollutants dissolve acidic

sulphur dioxide ni sulphuric acid




The effects of acid rain

they be red

d rain and how can

cks? 4

What does acid rain do to limestone ro

Chalk and limestone are mainly calcium carbonate. They react with
acids, for example:

calcium carbonate + sulphuric acid — calcium sulphate + carbon dioxide + water

xide + water

calcium carbonate + nitric acid — calcium nitrate + carbon dio
The salt calclum@Sulphate

King’s College Qhapel in Cambridge Beohible sd if fﬁforms 9
has been standing for about 500 =
years. It is made of limestone so it is the surface of @yock it cor
being weathered by acid rain. This actuaﬂ)/ slow down any
has l?een. happening for many years, further weathering.
and is still going on today.

What does acid rain do to metals?

Metals such as zine, iron and lead are used in buildings and sculptures.
Exposed metals can react with acidic pollutants to produce a salt and
hydrogen, for example:

zine + sulphuric acid — zinc sulphate + hydrogen

Lead is less reactive than zinc and iron, so it is less affected by acid rain

Lead is used on roofs as it is soft and can be bent into shape, Lead is unreactive enough to bé
used for roofing.




at does acid ra
(iving things?
ants can tolerate g range
at very acidic rain reacts
l“mcruls in the soil, Thig

in do to

of pH.
with
some useful minerals ¢ b‘z"“»)v.-\'s
away. and can also cayge l();’;l‘.whed
aluminium (o be released o C

soll. These changes to the sui(l) i

Jamage the plants growing (h
ere,

agquatic animals are sensitj
i
AtpH 5 most fish eggs Ca:vc 10 pH changes, especially w
petween 6 and 8, and if thn()l hatch, Most lakes mt‘ v when young.
iy e dKes and rivers have ¢
Cy are on carbonate rock |hlii(\r?l:ll:‘: i
Swi elp

peutralise acid rain. But s
thing can : me lakes and rivers hec
no g can survive. Toxic ers become so acidic that

; aluminium
the surrounding soil, and this killsurmll Is washed into the water from
: § i S
po life are crystal clear. sh and insects. Lakes that contain

Reducing acidic emissions

(<] S Of S i i

o Using less fossil fue i i
i ; g “ Is by making engines more efficient, switching
~ things off when we are not using th i i
i g them, or using alternative energy
| resources. IS also helps us conserve supplies of fossil fuels.

o0 Using catalytic converters. Cars with petrol engines are fitted with
devices which convert carbon monoxide (a poisonous gas) to carbon
dioxide, and also convert oxides of nitrogen to nitrogen.

o Using scrubbers. These are devices in the chimneys of power stations
and factories. They spray the waste gases with a scrubbing agent,

which reduces sulphur dioxide emissions.

These measures have all helped, but many lakes affected by acid rain
still have not recovered.

1 Copy and complete using words from the Language bank:

Acid rain reacts with rocks and buildings made of ! §lso
reacts with exposed metals such as zincand ——— Ac!d rain affects
the ___insoiland damages both plant and animal life.

to reduce air pollution?

Which animal is least tolerant of acidic

2 What measures can we take

3 alook at the diagram above- .
h is most tolerant? .
[lution affect organisms ina pond?

conditions? Whic .
b How might acidic rain PO

acceptable pH

A chanage i
ge in :
PH can seriously affect the food chains in a habitat.

Some kinds of lichen will only
grow in clean air. Scientists can
use them as indicator organisms.
The types of lichen growing in an
area give an indication of how
clean the air is.

Language bank O

acid rain
aluminium
carbonate
catalytic converters
cement
chalk
indicator organisms
iron
lichens
limestone
minerals
reactive
scrubbers
sulphuric acid

zinc




The
as
O isgl Sunlight ¥
obal warmi - S in¢
n passes
‘ s 4 happenlng? through \ wd
1 ants grow ) the glass.
I outside. sunI?c"er in a greenhouse because it's warmer inside thdn_ \ \ ! Tk
! } ] inside the gan ght passes through the glass. The plants and other objects \ o \ f 1 th
1 e Tht]‘:uhousc absorb the light, and they give out some infrared \ ;: Ul
,‘ A wac:mhnot pass through the glass. S0 it is kept inside the B /:‘ n
' ‘. N | iati o
e ming the air and everything else inside. iOff by plants (l::‘r:‘g‘lve G ! v
’ : atmosphere around th { ‘Dass through glass,
| Sunlight passes th d the Earth acts like the glass in a greenhouse. Q;f'{:ms the inside <
s through the atmosphere to the Earth’s surface. The U gty <
in the atmosphere

Earth give
! reflect t hissb""‘:‘:{i:lfranxl radiation, and some gases
This keeps the Eu:-)t]thc, Earth rather than letting it go out into space:
greenhouse effisct l;r:'.ﬂ.rmcr than it would otherwise be. Without this
as we know it would not exist. It’s warmer i
inside q
gree,
Mhouse
sp
m.

’ m sases. ,
in the atmos;;hewr';aut;;i thﬂe problem?
ise gases. reflect the infr :
ol They are shown in the table, ared radiation are called




problem s that we o, pr. '
pgs. Scientists thlnk thal bcodllcin Environmental chemistry

mcreﬂf'"g- making (je Eanhta.use More Zreenhoyge
’a,mmg. armey, This % caTle:(;]house effect is B

¢ Barth’s average tem e 7
i the last 100 years or SO

Carbon dioxide in the atmosphere since 1860

Perat Ure

- Some ed by ()
: _6 0,
(K temperature may pig, by Z_Df .. Dredict th

mean we will all haye bette ‘Chy 2080
r “’Ca[h o ¥
cause many climate changes. CL. as globg)

ple p - over
at the average
e 270
This does not 1860 1900

Warming can )

concentration (ppm)

2000

o Temperature change. SOme

o ;lo:dqlng: ]&cl(i;ms expand
ooding. Millions of pe,, S

. may ¢ >

sea level may rise by 5 .. > could floog ﬂ‘ﬂlﬂﬂ:l))'(;::t

o Ralnfalll chaflgm: Some aregs n:igl'n be

North America and Soy,}, East Asi L

drier, such as Africa ang India 3

o Plant life: some areas might be

crops. Others may not be 4b)e

Average global temperature since 1860

2Ct w
8¢l warmer, others colder.

armer, w &

temperature ('C)

Come wetter, such as 13

4. Some arcas might become 1860 1900 -
year

able s
e o row bt or e O
0O Erow crops af - "o
€rops at all. emissions are making the Earth

Is our increased production of
: arbon dioxide really i ; Sran
: ally causing global
warmmgd. Look at the gl"i.:lphs. The first shows that we are pgufti(x)lg
more and more carbon dioxide into the atmosphere. The second

graph shows how thf.: average temperature is changing, There have
always been fluctuations in temperatures, and it is difficult to be
sure what the long-term trend will be. Not all scientists agree.

How can we reduce greenhouse gas emissions?
Use less fossil fuels:
0 use alternative energy resources

-0 switch off electrical appliances when not in use
energy-efficient devices.

Scientists monitor lakes, rivers
and the air to see if conditions
are changing over time.

that act like a greenhouse. They help

arth, warming it up. These gases are Language bank O—

de___ and methane. atmosphere
\ere keeps the Earth warm. carbon dioxide
ing? LS e O e ! ~ fossil fuels
. global warming
use effect

greenho
33 v'qw Lotge e

ey’ ,'.'
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it
sunlight containing
ultraviolet radiation (Uy) d
d
\

O Is pollution worse now?

What is ozone? spl
he atmos} about 30 km

Ozone is a form of oxygen which is formed m[ he E
Vi o the E :
re arount from the Sutl:

|
thin layer of ozone in the atmosphe e
‘ Thi : 1ot (UV) radiation
up. This ozone layer absorbs ultraviolet ( :
‘e : 1arth's surlace. —
stopping much of it reaching the Earth’s surle 5 .
AN 4 &:.
2 Earth . N

UV radiation can be harmful:

O It can cause skin cancer.
© It can make skin tight and non-elastic. The ozone layer absorbs (y
radiation.

|
O It can damage your eyes.
: ot in our
: R o tion is a pigment 1 ¢
Our natural defence against harmful UV radiation 1s @ P.:f s‘l)t.nd
2 4 A ) arker 1l we ¢
skin called melanin. This is what makes our skin darker Pt
, g ” - ohenrbs the har
time in the sun. The dark-coloured melanin absorbs the he

Guess Whaie

tissues beneath.
Cars and fossituel powe:
-.f)l.lcé!()z.*:u; a
At the Earth's Sitface -
Is a ‘f’i”"'yt‘tl“It, causing
asthma and other Jung

radiation, stopping it getting through the skin to the

The hole in the ozone layer
The problem is that we are
producing gases which react with
the ozone layer, damaging it and
letting more harmful UV
radiation through. Chemicals

problems. But the
layer high in the

wnterte e \W/e
procects us. vve dc

called CFCs
(chlorofluorocarbons) used to be ozone pollution at around
used in fridges. aerosol sprays level g{ it we do wd:'t the
and air-conditioning units. These ozone laver hiah in th
CFCs reacted with the ozone R R

molecules, creating a ‘hole’ in
This picture of the atmosphere shows the

the ozone layer. The hole
allows more UV light to reach gole in the ozone layer (dark biue) in
eptember 2003. The ‘hole’
the Barth, increasing the risk - Zi/ferent i es:g i ;e :ro!e changes size Pollutants that
cause it

of skin cancer and also having
other effects such as killing sea plankton. Nowadays new chemicals acid rain  sulphur dioxide and
oxides of nitrogen

called HFCs have largely replaced CFCs, and these do not react with

ozone. However, some countries are still using ozone-destroyi A g
yin increased levels of

chemicals. It is hoped that all CFCs will be banned in Europe bygz()l 5 Maaidaais ses

Confused by all this pollution?
Acid rain? The greenhouse effect? The hole in the 0zone layer? It js easy

to become confused about pollution. The table Opposite
su e
three major problems that we face, Mmarises the °|!';n g::os and b:th:dr
e 02( rine-bas

{ehanics




any countries have S
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‘€. This is calleg sustainabl

CW vie
WS 0
D how we can achieve this

ygen which makes up a layer high in the
ters out harmful _____which can cause
including —— have reacted with the
lem as the
g Kopal wa" m;i:: ::: acid rain
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e pollution and what CECs
global warming
greenhouse effect
hole in the ozone layer
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- recycling
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1 Matching reactions

Match up each environmental process with the

correct chemical reaction.

Processes

Acid rain quickly weathers limestone rocks and
buildings.

Naturally acidic rainwater slowly weathers
limestone rocks and buildings.

Carbon dioxide dissolves in water.

Carbon dioxide is formed when coal and
hydrocarbon fuels are burned.

Metals are corroded by acid rain

Reactions

carbon + oxygen — carbon dioxide

carbon dioxide + water — carbonic acid

zinc + sulphuric acid — zinc sulphate + hydrogen
calcium + nitric — calcium + carbon + water

carbonate acid nitrate  dioxide
calcium + carbonic — calcium
carbonate  acid hydrogencarbonate

2 The greenhouse effect
Copy and complete these sentences,
unscrambling the bold words.

Carbon dioxide and methane are geeserhuno
gases. This means they help to reflect raferdin
radiation back to Earth, keeping the Earth
warm. This is effect called the reshenogue tecfef.
Humans are putting more and more greenhouse
gases into the pathosmere. Scientists think this

is causing goball marwing.

3 Indicator organisms
Look at the diagram on page 87. A scientist
suspects acidic pollution in a lake, because
during routine monitoring she has observed
changes in the organisms that live there,

a If she has observed that perch and frogs are
living there, but no trout or snails, what
might you expect the pH to be?

d-tolerant “rg"’nism

d , most aci
thich 18 the
p Whic ’

shown? e e
ral below Is W ashed intq Watey

S nine = 1
¢ Which ¥ id rain pollution, killing fish;

f()“““"ing ac

is a form of the element hydrogep,

ammonium  aluminium gefort
nitrate jdeas
e? o n
e or fals R ;
4 Tru 10 whether the following statementg aboy th
clae Trite y
l;u one layer are true. Write down the true oW
> 04 % . 2\ N
the . Pleract the false ones before you Write e
ones. <
them down. . =
ot
|

a Ozone _
b The ozone layer absorbs harmful ultraviole;

radiation.
¢ CFCs do not react with ozone.

d A hole has appeared in the ozon¢ layer,
exposing us to more ultraviolet rdiation.

e This means more people are sullcring from
skin cancer and eye damage.

f The hole is getting bigger because everyone s
still using CFCs.

5 Pollutants and problems
For each problem below, choose the pollutants

and processes that cause it.

Problems

acid rain: dying trees and fish

global warming: climate change

hole in the ozone layer: increased skin cancer
Pollutants

increased carbon dioxide, methane, NO,
CFCs '

sulphur dioxide and oxides of nitrogen
Processes

used in fridges and air-conditioning units
fossil-fuel power stations and vehicles

increased combustion and cutting down fores




