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Physiology of marine organisms
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1.1 General cell structure

AA1 plal) (S ) 1-1

Name the following
organelles and other cell
structures that can be seen
with a light microscope
and/or an electron
microscope, and state their
functions:

e cell surface membrane
1.1 le nucleus

e rough and smooth
endoplasmic reticulum
ribosomes

Golgi body

mitochondria
chloroplasts

cell wall

large permanent vacuole

Define the terms cell and
organelle.

State the functions of:

e cell surface membrane

e nucleus

e rough and smooth
endoplasmic reticulum
ribosomes

Golgi body

mitochondria
chloroplasts

cell wall

large permanent vacuole.

List and identify the organelles
and cell structures that are
visible in photomicrographs and
those that are visible in
electronmicrographs.
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List and identify the organelles
and cell structures that are
found in plant and animal cells.

u\;\mﬂ\ s g o iy

o2 s Gl A ladl s
o2 A el Al LA

Al gall LAY
Draw a diagram of a phospholipid R 25 ad Blashads U 5 an Jball  Aldandl) 3 gaill Couay | 2-1
hmﬂecur']e s_nd |a§i| ictjs " Aa <D o) 3a ) 48 ey e @S 5 adlyy celiall s i
rophobic an .. cr 1
pgﬁs_p ' ydrophtiic oLl daall e 3295 el 5 jiudall oy saall Cailla g
Describe and sketch the structure| e Glasads G ) oy 5 Cuay Sl ll 5 s il 51
of bilayers. Alal 2 Agdal) (S il Alaall i gyl e | uaiia
describe the fluid mosaic Outline the structure and (il gy S i sl A gl i gyl
model of membrane functions of: ol '\ aui\ L\.u | )
structure, and outline of the |e carrier proteins and channel sl - - }),-'.d )
1.2 |structure and functions of proteins A sl
phospholipids, cholesterol e cholesterol. Jo il S o
and proteins, limited to carrier| 5raw and label a phospholipid ) . g e .
and channel proteins : e & Prospholp Q) 45U Addall Ay 5 paa )
bilayer containing cholesterol, g s sl
carrier proteins and channel ) sl (g5 (Al 8 sl
proteins. Alalal) i gyl g J g yiand SN
Describe the fluid mosaic model Ao gall i g ) g
of membrane structure. Dl il 23 o) o
szl s il
describe the selectively Define the terms passive ) Jail) aallaiadll (8 ALY A dagds Ciuay | 3-1
permeable nature of transport and active transport. Lol Jai Jally Glid Ly 55 4e U
1.3 |membranes and relate this  |Describe how the structure of i N G o i L Lazl) K Ll o Ll
to the transport (passive membranes makes them e )-’u v * e sl s )
and active) of substances selectively permeable. o) 33dia Lelany

across a membrane
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draw and annotate List the rules for producing Al asullanyael @0l o Aagdedadsnlasu)ann | 4-1
biological drawings of biological drawings. Aagyiedmdon Ggujyan y o  Aad¥l LAl S ) pual

1 4 |magnified images of cells Draw and annotate biological 5 2l Ay 5 AT sl seaall il 8 aladiuly

" |and tissues using light drawings of cells and tissues . ¢ LT T ¥ | |
microscope slides or using light microscope slides or | 4l Jsall 5l (J gl eadl) Abpal) f el Hsall
photomicrographs photomicrographs. A gl

State the formula used to Claal deadial Lpall S @ ey s U Al SN | 5o

calculate a magnification, Leasi i ale) e ¢yl Sl

rearranging as needed. N ' - 3aliall 5 ) gaall J 5l i
RPN EEWEN — = Sl laia

Use a scale bar to calculate L siall Jshll "’

15 state and apply the formula: | actual size and magnification. Jshll clual g )l Qe a2y o

" | magnification= m Convert between nanometres RS Hladep Aaal)

actual size i
milimaires ) | (nm) st Shom s s s
and metres (m). Sadlall s (pum) s Saall s
(m) il s (mm)

1.6 | jescribe and interpret Describe cell organelles and e LSl g Al clias Caimy o  djgaall Hgall by hay | 6-1
photomicrographs, electron str:uctur_es from ] D geall g 400 sl 4y jeadl ) guall A yeaall ) sall g 4 guzall
micrographs and drawings ~ |Photomicrograpns, Lol i . SN | Lokl e Sy
of typical animal and plant | €lectronmicrographs and IS ASIT {)"Sj‘ dl LT e “wj.}ﬁ‘
cells drawings of typical animal and Aaad gail) Al 5 2 gaall A gail) Al  4) gpal)

plant cells. Lo Blacl il ks yidy e
Interpret the role of a cell from its oyl | e Leiliad
organelles and structures and ‘_;:. ‘J" g j’ Ls'us }5 R .
apply this to familiar and 48 glle 4l LA 5 40l o LA
unfamiliar animal and plant cells. Al e
1.2 Movement of substances 3 gall 48 2 2-1
Define diffusion. i) mllaas ey e | LAY Sllee 7 pdy g heay | 7-1

1.7 |describe and explain the
processes of diffusion,
facilitated diffusion, active

Describe and explain how
diffusion occurs.
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transport and osmosis

State and explain four factors that
affect the rate of diffusion.

Define facilitated diffusion.

Describe and explain how
facilitated diffusion occurs.

State and explain five factors that
affect the rate of facilitated
diffusion.

Define active transport.

Describe and explain how active
transport occurs.

Define osmosis.
Describe and explain how
0SMOSIS occurs.

Compare the similarities and
differences between diffusion,
facilitated diffusion, active
transport and osmosis.
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define the term water Define water potential. slall da mlhias Cagey o] sy sl dga mlhias Gy | 8-1
potential and explain how |Explain how the concentration of | &l sl sall 58 5 jig CaS & s o] > Gl Dldall ol sall ali 45
1.8 |dissolved solutes affect the |solutes affects the water potential | ; .y R i Al o Jgladll 3 el
water potential of a solution |of a solution or cell. AL S Jlaall B slall 26 e ) p g : \j\;
or cell (knowledge of solute (st e @ >
potential is not required)
explain the movement of Describe osmosis using the term | zllhas aladiuly Lysenyl Cany o LAY o elall 48 ja 58 | 9-1
19 |water between cells and water potential. elall aea calide el aga cld Jalladl

solutions with different
water potentials and explain

the different effects on plant

Describe solutions and cells
using the terms hypertonic,
isotonic and hypotonic.

e Al el z s
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and animal cells

Explain the effects of placing
plant cells, animal cells or an

osmometer in hypertonic, isotonic

and hypotonic solutions.

Alaaiuls LAYy Jladl Caay @
G e rallaad)
S i S (5 slasia
Al WA gl pili = i @
oiia ) g LD
Alle dllae B4 ) ganY)
¢ S 5l 4 gladia g ¢ S il
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1.3 Gas exchange

< el Jas 3-1

explain why marine Define the term gas (gaseous) ) Jals llaas a2y @ A-AJ\ U_al.'ﬁ\S{\ s \.JLAF):H 10-1
1 10/ Organisms need to exchange. il Sl dals an -yl @] (U5 GV 3 ) &)
: exchangg oxygen and . Explain why marine orgapisms _ e <l ) Jals ) 4 el Lebine pe o5 SN S|
carbon dioxide with their must do gas exchange with their
surroundings surroundings Lebana
Define the term surface area : chull dabc i mlhias Ghn  of  asnasz she dlalus sy | 1141
volume ratio and state the dapall Sy canall ) Tasall prns i) Aa ) JISEY)

1.1

calculate surface areas and
volumes of simple shapes
to illustrate the principle that
surface area to volume ratio
decreases with increasing
size (all formulae and
relevant symbols will be
provided)

formula used to calculate this
ratio.

Calculate surface areas and
volumes of simple shapes, using
provided formulae.

Calculate the surface area :
volume ratio for shapes that
approximate the structures or of
?? cells of marine organisms.

Al ol luad Aaadill
psaas s Olalue sy o
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1.12

discuss how surface area to
volume ratio is dependent
on the size and shape of an
organism, and relate this to
the need for specialised
gaseous exchange surfaces
and transport systems in
larger animals

Explain how the size of a cell or
organism affects the surface area
: volume ratio.

Explain how the shape of an
organism affects its surface area
: volume ratio.

Explain why larger organisms
require a gaseous exchange

system, with reference to the
surface area : volume ratio.

Explain why larger organisms
require a transport system for
dissolved gases.
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o) el dalias dunsi b ity
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12-1

1.13

describe gaseous exchange
by diffusion, pumped
ventilation and ram
ventilation, in examples
including coral polyps,
grouper and tuna

Describe gaseous exchange in
coral polyps as an example of
diffusion.

Describe the structure of fish gills
and how these features promote
gaseous exchange.

Describe how a counter-current
exchanger promotes efficient
gaseous exchange across the
whole gill surface.

Define the terms ram ventilation
and pumped ventilation.

Describe gaseous exchange in
tuna an example of ram
ventilation.

Describe gaseous exchange in
grouper as an example of
pumped ventilation.
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Compare ram and pumped
ventilation in fish.

456l 5 g BV A 56l G (L
Al i gually

1.14

describe how an organism’s
method of gas exchange is
related to its habitat and
motility

Describe how an organism’s
method of gas exchange is
related to the speed at which it
moves.

Describe how an organism’s
method of gas exchange is

Jals 48 Hla Lol ) 48S oy
ey ol AL (sl L
A s

ol 45y Hla Ll ) A4S oy
aika gy o) S (gl L

Jals 45y Hla Ll 1 A4S Couay
4_':.1::_9@ @l\ QB\S]\ Lg.ﬂ LL\UUJ\
A a g Sl

14-1

related to its habitat. ool
1.4 Osmoregulation S S gam) adaiil) 4-1
explain why marine Compare the relative b el 38 A ) )\ doall sl dals cus z p | 15-1
organisms may need to ;ﬂgﬁﬁﬁﬂgtﬁg d?/ff:Sir:sz '2 fsnelzr‘i’\r’]aeter plaa) il g (g yaall olae Sl W) sina aalass ) 4 jal)
115 regu!ate their wate.r content organisms. Ao sl Aal) il Sl s lay) X Enip
and ion content, with ) _ _ . e . . il ole b il U sl
reference to the relative Explain why marine organisms Ladl Sl dala e H1 o8 o SRR
concentration of ions in sea  |need to regulate their water Sl W) ging aulat ) 4 jall el J su g
' content and ion content. ) .
water and of body fluids s
Define the term osmoconformer. U sand (380 gin pllacas Ciyay @ | L) sanl 38 s pallaiadll - 5l | 16-1
explain the terms Explain why marine mussels are aly sl &l Chua g Cass iy s BULEY) ae 4y ) gandl alaia
116 osmoconformer gnd des_crlbed as osmoconformers. G sand 38 sia Al s sl &l
osmoregulator with Define the term osmoregulator. e Ly .
reference to marine Explain why tuna are described ; el =
mussels and tuna as osmoregulators. Al 4 5l claw Ca s o
Ay sanl alaia
explain the terms Define the terms stenohaline and ) Gua rpallaiadl Caday g2l Gua palhiadl = 5l | 17-1

1.17

stenohaline and euryhaline
with reference to salmon,

marine mussels and tuna

euryhaline.

Explain why euryhaline species
are found in estuarine waters.
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Name an euryhaline

osmoconformer species found in

estuarine waters.

Name a stenohaline
osmoregulatory species in the
marine environment

GRS PN I PR LA PR
oLl sl da 5 4y janll sl
) Clama ol b

daall il (e e g oy

48) gia Ll (aall dand 5 4y yadl
Slan olaa (& il 5 Gl 1) sand
Y

daall sl e e g ooy
dalaie aldl) el A5 4 yal
Ao Al b s 554y 5 pansSl)

Aigilly )

1-18

outline the processes of
osmoregulation, using
salmon as an example

Describe how euryhaline fish

such as salmon osmoregulate:

e inocean water
e in fresh water.

a5 MansY) o 685 (oS Camy
Osalud) lass Jia alall sl
15 ) san¥) mlanily
Lsall olue & o
Al oluall & e

18-1
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Energy in marine ecosystems

reoneese

Learning objectives

Success criteria

4 ) i) aBaiY 3 ABUaY) (400D Bas gl

dranlail) Cilaay)

2.1 Photosynthesis

g.‘ufa.“ Jeiadl) 1-2

State what is meant by Gl 3 palall Sy 0 edlule 4 sl Jiadll lee o Sy | 122
ate that ohotosvhesis is a | g carbon. RRPS| e Leeting 3 Al Dl il
state that photosynthesis iIs a | Name the series of IR . ] o ety e Y
2.1 |series of chemical reactions |chemical reactions that =Ae il m s o L ek P
that nearly all producers use |nearly all producers use Leaadind Al 4L Sl
to fix carbon to fix carbon. L8 4y jad) Clatidl) e
05 S
State the energy ! Aall Y s SNy e Aabaall alastily ‘5_1}.43\ Jidl dlee Comyl 22
transformation that Jiall dglee 8 Chaad LAY A el 5 Adadll) Al sl
. . occurs in photosynthesis. ’ T
describe photosynthesis . , (sl o ga
using the word equation and D_escnbe photosyr_1the5|s 3 guall el 2 :“ p ye Skl G4 el — o 5 S dda 4 paS
chemical symbol equation with a word equation. T S BEPPRIN A
22 carbon dioxide + water light glucose + oxygen Descrlbe phOtOSyntheSIS R?SQAJS MJL,-A e\mb T
chierophyl with a balanced chemical Sudaal o
ligh . S
600, 6,0 o8l Cah0s w0, | Symbol equation. il Qi e Cims @ 6CO; + 6H20 —» CeH1205 + 605
Filaa Asles lasiuly S5,
Ag)se e
) . . <. ‘ . ow .. - - ~ - . . 3_2
descrbe rerdoot PSSP, | ST | s e e
' i loe Bl (8 A § (32c bual) Cilanall :
,5 |Chloroplast pigments photosynthesis, and o (3 Glnall g o Jid g ) 5I)

(chlorophyll a and accessory
pigments) in light absorption
in the chloroplast

name one example.

Define the term
accessory pigment in the

Yle S35 5 suall Jiadl

Taal

RABYSEG R AT 0 | @ ¢ guall Laliaial
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context of
photosynthesis, and
name three examples.

Describe the role of
primary and accessory
pigments in
photosynthesis.

Lapal) mllacas oy
dalee (gl (4 Bac L)
A0 Sy sl il
C'_I\Jt_uaj\ 99 Q_Q.a.a:ﬁ

8ac Luaall lasall 5 iy
el Jiadl) ddee

Describe how to separate| — Clapall Jad 448 Coin, Joadl Lgaaiion o Uil o gile 5 KU A0 Camy | 472
photosynthetlc pigments il 445 guzall i) ¢l puadl] iU o aaaT
in a school laboratory. ol wiia el weadld) = e e
describe and use Define the term Rrvalue | 2 > & J“"‘j. ‘ (R o8 ) 3 LY
o4 chromatography to separate |~ 1ate Rs values. Ry i mllaias Ca'a
and identify chloroplast ) , Ry o
pigments (reference should | US€ Rr values to identify S
be made to R values) chloroplast pigments. 2l Rp o a2diy
4 gual) Cilaall
Lol padll clanuSll
g |define the terms wavelength, | Define the term Angall Jsh mllaine Caey @ | ¢ gl ad g da gl sk rcilallaiadl Gty | 872
" |intensity of light and penetration wavelength. L | s
: bl (O S e | e g e S Al Gl o gl Gy | 52
State the colours in the (sl (calite Aa oo Joha e JSD e Y (g
describe white light as being \C’:'Z':]leasr’:etﬁterum' Sla e JIshal g ol
2.5 |composed of a range of p el i) ¢ gl

colours, each with a different
wavelength

wavelengths of violet and
red light. Describe white
light in terms of the
colours, and
wavelengths, of its
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constituents. e ) ¢ guall Caay
JIshls ¢ 1Y)
A3 oSl il gl
Define the term Cinba s Ciay i) bl (abaio¥) Gl sy | 6-2
absorption spectrum. UabaiaY! 1iaill dulaad LLaall Calilaf 51 jadl)
Interpret the absorption TR I RARRE A
spectra of primary and UA ] “g .u“. .“‘ - il
accessory photosynthetic Al Y1 4 gl Clapall
26 interpret absorption spectra of plgmgnts. Bac Ll
chloroplast pigments and action |Explain why most plants alana ) seds o 7 iy
spectra for photosynthesis appear green. 2y - UL Ll
Define the term action cOER SO
spectrum. ALl Cada mllaias Caly
Interpret the action Aalaal Ll Calilal iy
spectra for 4 gl Jsiadl
photosynthesis. e
Describe the effect of the ix se Jsb i Caay Al da 1 caay | 72
57 describe the effect of the wavelength of light on the 2] s dse 8 . P sle o }A sk J-u iy
" |wavelength of light on the rate of | _ "' P oo e dee Jase o o gl (s eall Jiadll dplee
photosynthesis P y ' s all il
, g |define the terms wavelength, Define the terms S pallhiadll Catay ¢ guall 35 g Aa gall J ol rcilallaiaall Caay | 8-2
"~ |intensity of light and penetration |penetration of light and ¢ guall 3 g ¢ gaall 1) sal
of light intensity of light. o=l Gl
Describe the effect of e da sl Jsb Ll Caay G ) Jo Kaillgda sall Jsha pilicaay | 9-2
describe the effect of W:Xeetlrear;%s gfn “thﬁt 0 BleeY ¢ suall (3l Al Adide SlaeY ¢ gl
2.9 |wavelength and turbidity on the P 9 aalia s

penetration of light to different
depths

different depths.

State the effect of depth
on the rate of

Jars e Gaall il 84,
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photosynthesis.

Describe the distribution clladall &y ) 6 Couay Loy 3aclise Ciliaa 3 sa g (g A Cimy | 10-2
describe the relationship by depth of green, red SO PR SVEN PRV &l 8 ol aall g b gt 3l elly 3
between the presence of and b_rown a'Qae_- _ el G Cila d‘;lai 5 i) 5 daial) il 1l
accessory pigments, includin Explain the distribution by e O T
2 10 ry p g ) g h_d ‘ . e ™ . . e O
'~ | xanthophylls and phycobilins, in |depth of green, red and Allaball 0558 = o o gl (e ddlidg
marine producers and the brown algae in terms of A0l g o) peall g el puzadll
penetration of different their main accessory i Fum e anll Ui
wavelengths of light pigments. Llina Cun e Benll L8
A )l s2c Lal
Describe the effect of e Sl Ll Caay G Al Jo Saillgda sl o il caay | 9-2
turbidity on the ¢ suall (3) jal dalide SlecY ¢ guall
penetration of light. . L '
describe the effect of - T Sl LB A4S Caay
2.9 |wavelength and turbidity on the Describe how turbidity is < 3 aaitul
. - - G
penetration of light to different :jnessured using a Secchi A u?ﬁ ? o
depths IS d..‘uu\ L_A‘c )S’_\M )ﬂ.li_i )S.A.\

State the effect of
turbidity on the rate of
photosynthesis.

(all Jaail)

2.2 Chemosynthesis

bl gt 2.2

describe chemosynthesis as the |Describe _ o Saalll Jidll Caay @ | g Sl il e el Jiadl Ciuay | 1122
fixation of carbon using the chemosynthesis, Jidi N s gl ) 5_Lay) bt 5 A1 ) gl Ayl A8 Aoy
2.11 | chemical energy of dissolved including reference to & 21l il ] T _
substances; these substances  |four substances that are Jiaill 4 jalas LN PRSTENPELTP | RTT TR NPT
include hydrogen sulfide, energy sources for el aally en g el
methane, hydrogen and iron chemosynthesis.
describe the symbiotic Describe the habitat of 33 gall Al o gall Caiay A 5 30 5al) (s S ANl Cly | 12-2
2.12 |relationship between the giant  |Riftia. Ly gl 853 sa sall Ly AE5Lanl)

tubeworm, Riftia, found at
hydrothermal vents, and the

Describe the symbiotic
relationship between
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(Ii:hzmqfstynthetic bacteria Riftia and Endoriftia. O Alaal) A8 el Cany @ (erSl Jaall Ly iS5 dlall 45 )l
ndorifti . -
onia LS s iy 4 51 53 5l iy ) i)
iy ) 53)
Explain the energy A A8kl juac i e AUl anains Ly ) ) Ly iy o)) = i | 13-2
explain that Endoriftia uses the |source that Endoriftia Ly ) o) L 550 4adiig O S il cpa g ynel) arhy 3 e Al
energy from hydrogen sulfide  |uses to fix carbon in T - ) 5 s . . el Me
2.13 | to fix carbon thereby producing |total darkness. Pl A () g SN il DS slall Jie 4 gme SIS ja 2 ) Ul
organic compounds such as . Ll (osthae e Al 5 2padlll Y alall)
glucose (word and chemical Name an organic G e 1
equations are not required) compound produced by A Qg LB ) o @
Endoriftia.... Ly o) Ly i,
State the producer and oY) llginal g miiall S5y @ o sl Jiiadll U 5 of S padly | 14-2
primary consumer of o Alal) JuSuad) 8 Alalu op S o kel 4 ) sl il g8l
food chains at .y . . s i
hydrothermal vents. Al 2 ) ) e 2l Al
OSletnall e il o @
outline how chemosynthetic Name two secondary . i < u-m i '13]“
2.14 | bacteria at hydrothermal vents | consumers found at Al oal cla 8l 34, S0
allow the formation of a food hydrothermal vents. Al
chain Outline how _ LS an (S yadly o
chemosynthetic bacteria ol Lol
allow the formation ofa | = ‘-"A‘ﬁ" = &
food chain at Adis 5S84l 4y )l
hydrothermal vents. Ale
2.3 Respiration oadill) 3-2
i i ol llaiae (i 4) dalaal) 3 gedl (il o Sy -
state that aerobic respiration is Deflr_1ett_he term aerobic uﬂ * . tfd T ﬁf“f }Gf 3 N JS ) 152
215 the process that organisms use respiration. -c;-"}@i\ ‘;_J\ Al ($3UaY dal) il Lgaadius
7 to release the energy they State how ATP is aladinl 5 718 AaS Sy o DA g5 Ladie ATP JSG e L) ZUas
require in the form of ATP produced and used in a - ) i <
when oxygen is available cell. Adall & ATP S
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Outline how ATP levels
are kept approximately
constant in a cell.

e ddadladll 4aS jadly
5 405 ATP s siane

. . . e . M L’.Aj .o l_i A % e . _
describe aerobic respiration Desc_:rlb_e aer_oblc ‘FM@J‘ ol ey > ‘_e\h:m ) ‘;‘bfj‘ umjh —=: | 162
using the word equation and respiration with a word Akl Alalea aladiinly LIS A el 5 Akl Al
chemical symbol equation equation. - . s . -
2.16 Descri : pladiily Al sel) (udiil) Conay 3Ssla o+ Sl > s S 2l 6+l
glucose + oxygen — carbon dioxide + esc_:nb_e aer_oblc . e . ol ” T
water respiration with a Adg)ge A e 4ilasS Al CeHpOg+ 605 — 6CO5 + 6H,0
balanced chemical
CeH1206 + 602 — 6CO2 + 6H20 symbol equation.
Define the term paril) Cﬂm‘u P el PREGICEREN | ) eLA.A Ol Ciay 17-2
anaerobic respiration. _‘;_:,\ﬁm\ PRERE, 6_4\ Ca g hall & g_‘,\}tm\
State the products of S il ) 6 S i s g ¢ 8 gia e 13 5ana cpansY)
enaerobio respiation n il il b o5 33 S ATP G s st
describe that most organisms fungi. il yhadll Al A alual) Yalaall) S slall
use anaerobic respiration in . e
Ic:ontdi:jions whereI otﬁyger;]ish Compare the yield of e ATP GL’Q) O Ol .(‘\-.‘}n:*“ D A el g
2.17 |limited or unavailable, whic ATP from aerobic and il e el ) s
- ! IC ¢ ol 5 () sl el
yields far less ATP per anaerobic respiration. NN
molecule of glucose (word and s s>l

chemical equations are not
required)

Outline why organisms
only use anaerobic
respiration in conditions
where oxygen is limited
or unavailable.

LAY aladtin) s adly
Laid ) sa ) padil) 4l
e 0 5S A agylall b

-

LA s
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Managing the atmosphere

Qg\gei‘ caDal) 5 0a) ABNEY Bas gl

Learning objectives Success criteria il julaa dranlail) Cilaay)
3.1 Acid deposition and photochemical smog Al Abasl) Alal cluall g edeall cuw il 1-3
Define the term acid deposition. eaanll Cu il mllaias i 0] e aily ameall s il ey | 153
define acid deposition as a mix . . - ; . . .y .
5.4 |of airpollutants that deposit State the pH of wet acid bl paeall con ST pH SY @] (e s i Al o) sed) lisha (4
' |from the atmosphere as wet deposition. G 53 JSE e (g sal) Gl
acid deposition (with a pH <5.6) i .
or dry acid deposition 31 (5.6 > pH) wha ) (omen
e mes s
Define the term wet acid aaall i jill mllaias Sy @  omenll o il 2 5 i 2-3
describe the two types of acid | deposition, giving examples. AL eUae) s bl i i
deposition: ; ; | . el ,
3.2 pweltlacid deposition, through geegcr)]seitggﬁ tSir\r/ri]n(gj;rgxaet:rlr?pIes ~ e e on e . \&_‘%:SJJ‘ ’
i : , . sy i . Al g yadll o 2B A
snow, rain, hail and fog ALl glac) oo Sl Al st 1
« dry acid deposition, through Slaall
dust and gases (o alal) caeall Cu Sl @
Al ladl g bl DA
outline the formation of wet Outline the formation of sulfur sl UG le oAl adl o e il 385 Alee il 373
acid deposition, limited to: dioxide. JENER oo | eciie omanl
+ the process of sulfur in Outline the formation of acid aanll s il O3S dlee adly @
fossil fuels reacting to form | deposition of sulfuric acid. - o MJ&“\ T g gall Sl Jelsidolec @
to sulfur dioxide during _ i LS ol e (e e o sl IR
. . e oSl g sa¥lagisll &
33 combustion and then being Qutllne the.formatlon of ol sl o 1< L o L
converted through a series | Nitrogen oxides. Al ] ufsj N N s il f‘f{‘ﬁ‘ Jw*‘:‘s‘fé‘b
il (35 Alee adly @ e ALy sad o (a g (31 yiaY)

of steps into sulfuric acid in
the atmosphere

the process of nitrogen in
the atmosphere being
converted through a series
of steps to nitric acid,

Outline the formation of acid
deposition of nitric acid.

<l il s (e (aeall

el shadll e dlude A
YAl L el <) jaen
s s>
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involving the heat produced
by vehicle engines

Bl (& Gan g il Jysad dlee
e il YA (g (5 52l
il paes S Gl skl

O e (e dailill 3 ) yall g g

lS )
Describe the impacts of acid aeall e il ) pils Gadly o meall G il il sl 43
outline the impacts of acid deposition on: JPArS ) Gl | e
deposition limited to: e aquatic environments Aokl bl e ;
. gzr; L?l;"’ﬁo?]r;d fish . vtegetatio(;w barldkcbro.pl)j. fue ) 3 sl y il o Clelaadl ﬂ‘-ftw‘i‘ e—*whé .
34 e stone and brick buildings. . . . Al AilaY)
« defoliation and reduced Apshll g4 aall Sl . c
crop yield bl (31 ol Jadlus @
* increased chemical Jualaal) daalss)  alads)
weathering to stone and o T mm
brick buildings (el AibasSl) 4 gl 3L ) @
A shll 5 4y sl
describe photochemical smog | Define the term photochemical Fal cluall mllias Ciay Ll el 1 5-3
. ) o sl Aaal Qluall Caay
as a mixture of air pollutants, smog. gl Al ) .
SUSpended pe_lrtlculates and State the pollutants responsible lacall G A g pauall i Glall S Ssle s Goe b ‘f}‘d\
volatile organic compounds . == s/ - salladl el e ol el
for photochemical smog, and . .. . . ¢ Glavaall 5 ¢ s¢]
(VOCs) that are changed from . . lgdiay g A gaall SlaSl)  SlRa) .
3.5 | primary to secondary pollutants | ¢lassify each as a primary or T R 4 guaall LS Hall
due to sunlight, secondary pollutant. Al sle 5 Al o) i sl Usa L) (VOCS) 6 pbial
State the importance of sunlight O35S5 (A aadll ¢ gum daaal Sy Lol el AN
. : ' 2538 Clsle (M A ) il sla (e
in the formation of sl el slaal Gl .
photochemical smog. - 0T paadll s pam 3 5n 2
- state that ground level ozone is | State how ground level ozone is | .Y 030sY) (sSi 4SSy o | Jlia 2 =Y s ol Sy | 6-3
. formed.

an example of a secondary
pollutant in photochemical

smog, formed from oxides of

Slaal b (555 ke e
W5 ¢ i guall el A
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nitrogen (NOy) and volatile
organic compounds (VOCs)
due to sunlight

sl ST e Ry

A pemal) LS all 5 (NO)
¢ gua Jais (VOCs) 5_yaial
omadl

3.7

describe the impacts of
photochemical smog limited to:

* eye and respiratory irritation

* decreased crop yields

» deterioration of plastics and
rubber

Describe the impacts of
photochemical smog on:

e human health
e crop yields
e plastics and rubber.

@\Aﬂ\ Clall @) il Caay @

(sle Spall Shasl
Sy daaa
Jralaall 4aly)
Aadll 5 clau3Ull

Sl Cluzall ol il Caay
Lele | e 5 gaall el
=il Jleally Gl s @

Caalaall Loalsi] (aleds) o

Alaal 5 clindlll e @

7-3

3.2 Managing air pollution

o1.gd) gl 50 2-3

3.8

describe strategies for managing

air pollution including:

* reduced use of fossil fuels
and adopting renewable
energy

* reducing emissions of:

- sulfur dioxide (SO2) by
flue gas desulfurisation
and fuel desulfurisation

- oxides of nitrogen (NOx)

by using catalytic
converters

- suspended particulates
by using electrostatic
precipitators

- volatile organic
compounds (VOCs)
through usage, storage
and disposal of

Describe how reducing the use
of fossil fuels and adopting
renewable energy can help
manage air pollution.

Describe how emissions of
sulfur dioxide can be decreased
from factories.

Describe how atmospheric
pollution from vehicles can be
decreased.

Describe how electrostatic
precipitators can decrease air
pollution.

Describe how households can
decrease exposure to VOCs.

Describe the ‘polluter pays
principle’.

plaainl Q6 ae by (2 Caiay
skl slaic) 5 5 s8aY) 3 4l
o) sel) & li 3l A Basatall

P POV PRI [RVHES gl
L al (e (5 sall Cadlal)

o) sl sl s 4Kl g 4S)
4 gaaal) LR all iyl
(VOCs) 3 kil

Maday Caslall" fase Cauay

sl 518l Cladl sl Cimy
Al Ly cs) sl

38 aladin) Qi o
Akl alaie 5 5 s8a)
3a2a4l)
«llai) e 2a) @
Cy Sl St 6 -
Al Gask o= :(SO2)
Al e ey sl
3585l (o iy S A 3)
(NOy) G s isll sl
Y gaall aladinly
3 jlaal)
ARl Al Clageal) -
Al 5 Sl s all
4 puanll LS ) -

8-3
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household products Give examples of a legislation 3y Clag i e alidf Sy : (VOCs) 5_kaiall
+  legislation to manage air pollution, Cilay 555 I 8 Ly cs) sl &5l O A 5 alasiuyl
. including a local, national and i T claiiall eY) aladll
- p°"u_ter pays F_’””C'ple_ international example. Al 50 dpk g5 Al ' ol
) L?E:fg?ga\;ehlde US€IN | pescribe how vehicle use can plasin) ansi (S (oS Caiay il e
be restricted in urban areas. 4 peaall ghaliadl 8 il ) o aer e
- local, national and T t @ =5 T e Gl e -
international legislation st lS ) ?\ M) a8l -
(detailed knowledge of i R .

specific legislation and
agreements is not
required)

dgih ol g Adsal) Chlay yasl) -
daluadill 48 jaall) 4 oall
Badaa Cldldd) g Calay yuiiy

3.3 Ozone depletion

GeseY) Mdnia 3-3

3.9

state that ozone concentration
is measured using the Dobson
Unit

State the unit used to measure
ozone concentration.

58 55 ol Aeddieaal) 3as gl S,

OssY)

& 0559 S ol Sy
50 Bas g aladiuly

9-3

3.10

define the term ozone hole as
an area where the average
concentration of ozone is below
100 Dobson Units

Define the term ozone hole.

0905 G mllaias (8

adls 05 5Y) i mllacan (o
Lo sie Lgd )5S ) Aslaidll
3335 100 (e J8 05 5Y) S
Oy 92

10-3

3.1

outline how ozone depletion
OCCUrS:

» chlorofluorocarbons (CFCs)
from aerosols and
refrigerants are unreactive
compounds and are not
broken down in the

troposphere

State the chemicals responsible
for ozone depletion.

Outline how ozone depletion
occurs, including the chemical
reactions that take place in the
stratosphere.

0 A gl AilaS 31 sall S
,ijj‘z’\ Alavi)

Alatin) & gas A4S adly
clelall elly Ja ey o5 35Y)
s 5 i)

Aaii) & gan 48 il
FENUSSPETN
QL:SJA °
Sl S5 )5l 5 ) 5181
&l gae ‘;A 33 9 sall (CFCs)
“_1\;)\.1]\‘5 6.)‘.1)&544\3\ ;\J@J\

11-3
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* CFCs move into the
stratosphere and break
down in the presence of
ultraviolet radiation to
release a chlorine atom

* rapid reactions between
chlorine atoms and ozone
breaks down ozone (O3) to
oxygen (Oz), causing ozone
depletion

» chlorine atoms remain in
the stratosphere and can
continue to destroy ozone
(detailed chemical
mechanisms are not
required)

Vydlelite pe CLS ja A
g9 il Ada A e
) (CFCs) <&bS je Jaiss o
ST i g il 2

Tl 3 AaY) Jady
sl 5 5 gkl

S 53 o A adl EL i) o
RIS IRTST PPN
SV (03) O35y s
Lﬁm JA‘}(\ «(0y) UJMS\
O3 alaiinl 8
Al & sl ) (A5 e
e Of (R g naa 5l il
48 yrall) 0553 pedi A
i AlanSlh LIS Al adil)
(A slhs

Define the terms polar ) sppalladl Caday o OssY) i) Cus = yda | 12-3
explain why ozone depletion Strgtoslpherlc clouds (PSCs) (PSCs) Andadll 4y ydu 53 i) dadl) 5 el 348 ST <G
has been greatest over and polar vortex. N . 8 L s il
3.12| Antarctica including: Explain why ozone depletion is o Ladadl) Al 5all 5 o A0 el (A Lay A i
temperature, polar greatest over Antarctica IS () 9Y) aldiiu) cuw iy @ Ayt ) yiad) sl g 63 ) sl
stratospheric clouds (PSCs) : O R il ol sl
and polar vortex A giall dpadll 5 )&l (348 S sl 5 (PSCs) Mf’ "
describe the impacts of ozone | State the impact of ozone Sle Oy il Gl A Sy e 35053 St el i Caay 13-3
depletion due to the increased  |depletion on UV radiation. a5 4 Ay b At LS 33l 5
amounts of ultraviolet radiation . . . L L T RN
3.13 including: Describe the impacts of ozone Oy i) il ,ils Caay @ A 8 L daadinl)
g depletion on: ’ T
* human health (cataracts, (sl u\...d\) DYl daa o
skin cancer) e human health RS PP (alad) b yu g

* decreased crop yields
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* decreased biodiversity of e crops el )3l Jualsall Jralaall 78] (alissl o
f;g:?tsrgfsnd aquatic « biodiversity on land and in Al e aslpall g sl o sl sl alisi) o
+ degradation of materials Water- _ _ slal A Anlall 5 Az )Y Al alill
oemgenee |+ maermsused oG | pesid il | e s
. - - ~
cU—.ﬂ\} sl 5 Sl
State the uses of CFCs. LS e claladin) Sy g jall el aaly| 14-3
outline the impacts associated : ot o e
with the Use of Some Name. two alt.ernatlves to CFCs. , ,’(CFCS) ?\ }Q.j\ Jilay s ?‘ .h., L
alternatives to ozone depleting | D€scribe the impacts of (CFCs) &8 jal (b rlly 8 La 550U Badiiall
314 Substances including: a|tematlves tO CFCS . L\WS . . '"ij .
LS ye Bl Gl 88 Caay S e @
* hydrochlorofluorocarbons ofe .
(HCFCs) .(CFCs) il 50 S 5 ) sl 5 ) 1S 5yl
» fluorinated gases (F-gases) (HCFCs)
(F- <l 3ladl) 5 ) slaall <l 5lall o
State the hypothesis and Uil ga g 23 5y dum 8 SNy acal dpy Haill AV dpaal (adly| 15-3

3.15

outline the importance of
experimental evidence to
support a hypothesis, using the
ozone destruction hypothesis
suggested by Rowland- Molina
as an example

* initially the main hypothesis
was not accepted

+ some of the auxiliary
hypotheses were not
backed up by experimental
evidence

+ the hypothesis led to further
research and data collection
by other scientists, which
confirmed that CFCs are
ozone depleting

auxiliary hypotheses of Rowland
and Molina about ozone
depletion.

Explain the importance of

experimental evidence to support
the Rowland-Molina hypothesis.

Aaviad J en Baclusall il il
05)59Y)
Ll a9 23V g ) dua

e A i alaily ole dpia i
Y 5 e B A (05 5Y)

S Ll ga g
G Al Jii d 4lad) 3 e
At )

il Hall (yamy PERIPAL (—J °
A i Al sac L)

Go 2 e G dpadll e
Ji (e bl aaa 5 sl
ol @St il 5 Al elde
LS o 4 (CFCs) @S
(5o Baitia
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2

3.16

evaluate the international
agreements used to reduce
and phase out the use of ozone
depleting substances (detailed
knowledge of specific
international agreements is not
required)

Describe how international
agreements committed countries
to reduce and then phase out the
use of ozone depleting
substances.

Describe the penalties for
countries that did not reduce or
phase out the use of ozone
depleting substances.

Evaluate the significance of
having international agreements
regarding ozone depleting
substances.

Evaluate the support given for
LICs.

Evaluate the success of
international agreements to
reduce and phase out the use of
ozone depleting substances.

LAY e il G Cany @
ualiﬁ\j ijjm Badviuall J\)AM
L, L

Sl dam g jiall il giall Ciy
S asdl e Jaxs Al 30 J5all
. QJJ)M’&M\ J\}Aj‘

@}Aagém\qﬁj@iéég °
LOssoM sadtiiall o) gall J s

Jaall il Jgall (38200 e all s o
(LICs) uadaidl

aall 83 gal) L) e S e

O Badiieed) o gall

Tanioaal) Al pal) SLAEY) o
aitiosall 3 pall planiud it
Ui L il g 55550
A5 LAY Ll ail) 48 el
(st e 3o

16-3
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Managing climate change

Learning objectives

Success criteria

zladll julas

Ve oo

ELal) ik 3 40a) sday) ) Baa gl

dranlail) Cilaay)

4.1 Climate change

FUal) s 1-4

define greenhouse gases as |Define the term greenhouse Andall G jle mllaian catay e |l el Lol dagall @l e Gty | 144
gases in the atmosphere that |925¢5- Qe e dnill g )l B30 oy @ | il s g ealdl DRI 832 e sall
41 absorb infrared radiation and Name three common greenhouse 4_‘\...\3.35\ M el I aas :%Mg\)_” .

" |identify some common gases. Ll Tl ol 'LE:L _
greenhouse gases limited to: A ‘“"9 P ale G
carbon dioxide, water vapour O S as) J6 e ) palia
and methane bl sl iy
describe the major sources | Describe the three main sources AN L)l pladl) Cay @ | Y Al biadl) Cay 244
of greenhouse gas of greenhouse gases due to ada¥ (e daalall dagall el 5lad adadsy) (e Analall dadall &l jle
emissions from human human activities. A,ad Sl 8 Ly Ay il
activities including: State the greenhouse gases e e T
. combustion of fossil associated with each of these JSabid Ball e S e | ) o a Y a @l Bl e

fuels (carbon dioxide activities. ALY 038 (e LS (slall i O ST S|
4.2 and water vapour) Aeildl Ay 5y 5o¥Ac) ) o
* rice cultivation and (Olisall)
I(lr\;eest’;]oac:et))reedlng 2 5l o sl leail
« thawing of permafrost O 8 as) Jl) “"""5"“3‘
(carbon dioxide and (Ol
methane) (OGal)) el a3 ) a8l g @
* landfill sites (methane)
explain how the natural Describe the natural greenhouse oAl peliiaY) il oy o | sl il acluy (as zod | 34
4.3 |greenhouse effect keeps the |effect. A ( Llaall LU o o sl
Earth warm enough to - e o ikl gl
sustain life
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Explain why the natural
greenhouse effect is important for
living things.

oeiaY) Al s iy

Lalain (S Ly (V) ecad
3Lall

Describe the enhanced oAl paiay) il Coay Gl le 38 el of s & iy | 44
explain how increased greelnhm:]se erfec? ) ) s (5 sadl CDlall 3 dadal)
concentrations of greenhouse| Explain the role of greenhouse 5 3 aasall el e b e o |l e L’ sl

4.4 |9asesin the atmosphere lead|gases in the enhanced > @ SR C)w L"S{)Aj A DJ i
“* |to the phenomenon of the  |greenhouse effect. Dorall ol oall Galia¥) DY A sam el
enhaltr)cec_l grclaet:\hlouse effect, | Explain how the enhanced GO (sl yis Al # 4y Flall iy allall
resulting in global warming  |greenhouse effect causes global Ll ) sy 2l
and climate change. warming and therefore climate el > ‘A; J{MJ

change. Fliall s Ml
outline the difficulties of Describe how historical climate Flall ULy xen 48S Coinay Flall i A8 je il gaea il S5-4
monitoring and predicting gat; Car’:hbed(':f?'”e(lztt'ed. s Asd )l rellh L 4 il
climate change including: utiine the diiticuities or using - Uil 1

limited h'sgtor'cal datag historical data. Gy alasdil «—11-1 9‘“'; s 33 sasal) daan Ul bl @
lIJseld to rlecorlwstruct past |Outline how future climate can be Al gl sl Bale Y dariinul)
climate conditions (ice predicted with computer models. Fliadly ) Sy CaS (adly dalall Aaliall Cag )
cores, tree rings, Outline a climate feedback Z3all aladinly Lt ) Glala calall i)
historical records) mechanism using melting o gl (s, el ¢yl
a5 |° future climate permafrost as an example. o O Al Aaliall il 5ulll @

predictions using
computer climate
models which use
different variables

- climate feedback
mechanisms are not
fully understood

- time delay between
cause and effect

- uncertainty over the

Outline why there is a time delay
between cause and effect in
climate change.

Fliall Aaa) 1 Adaal) A1 sl
2l b sl leamil ozl
JUES dmnaial)

O e daald 2 g 13l Gadldy
Fliad s A il 5 )
oy 505l 4y gmam s )
ohiiuall &Ll

Lalie ilai aladinl PO
Gl e adA00S Ay gula

Laliall deal Jl 43l Ll o
Lalai de sga oyl

Gl a3l sl o
-G P

s aladial Ly (pad) s e
il Gadlatial A i)
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use of some data in

Outline why it is difficult to predict

daalal) ;\J;ﬁ\ SR s (adly

shaill Cilga g cadial ) ol

4.6

[ ]

drawing conclusions  |future climate change.Outline s R . doalond) o Gl

has resulted in why there are differ?ant scientific Ll i Bl J g Al SO

differencesin and political opinions about

scientific and political | jimate change predictions.

opinion
outline how controversies Describe how scientific bias and el el s ol oy @ | i Jsa daal) 4GS (adli| 644
about climate change have | mijsuse of climate data have Jans #Lall bl aladind selul il Ly Ll
been influenced by the caused controversies about —C - ° ‘ oalall atll o

following

» scientific bias

* unreliable data

» false reporting of scientific
conclusions

climate change.

Flall s dsa

Agign ye Clily o
Slaliny! ge IS ESLY)
Aalall

4.2 The impacts of climate change

glall st <l dl 2-4

4.7

state the impacts of climate
change on the environment
including changes in:

» temperature and
precipitation

* sealevel

* ocean and wind
circulation

+ extent and albedo of ice
stores (seaice, ice
sheets, glaciers and
permafrost)

* species distribution and
biodiversity

Outline the impact of climate
change on:

temperature

precipitation

sea level

ocean circulation

wind circulation

the extent of ice stores, and
amount of albedo

e species distribution and
biodiversity.

AV Flall s ol ils pasly

Al uaJ‘:
3)\);]\ ia )y e
Jshell
SO WP NS
Glamall o) yga o
chA Ol .
Lulall # ghull dlaie) gaa e
sl laka g

sl g sl o) oW ay i e

e Flall i il il Caay
b ) @Iy a Ly Al
Jshell 53, ,allda o
Al mhas s sl o
gl Clanadl ol )52 @
foadal - gl il 53 @
sl ¢l saul¥) ey
wiliaall s ¢ 5l adall
danlall Hle s danlal)
(Aamiall 4 il
&}:ﬂl\}&\)}“ﬂ\ oS e
(s>l

7-4
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describe the impacts of
climate change on humans
including:

* increased frequency and
severity of extreme
weather leading to
flooding and loss of

4.8 land, drought and wild
fires damage to property
and loss of life

» forced migration

* impacts on food security
through decreased crop
yields and increased
pest outbreaks

* impacts on energy and
water security

Describe the following impacts of
climate change on humans:

e increased frequency and
severity of harsh weather
forced migration

food security

water security

energy security.

e AV AL s ol il Caay

ol

) Gudhall 3akig ) SEBaL ) e
4 mill 5 agll e

Sl oYl

;-,Ld\ uAi [

ALl e

e Flall il il Caay

el L sy

oahall Grgas ) Si3aL ) @
S s Al aad g  alall
ol )Y olai g Lyl
Gl 3 ja g aliall
ulSliaall )yt g dg yull
25N ol

Lyl 3 yagll @

O Al ) e il 3l o
Jralaall dpalis) alass) DA
8y La&i3al )

AUl g el ol el il o

4.3 Managing climate change

FUal 41503 3-4

describe strategies for
managing climate change
through the reduction of
greenhouse gas emissions
including:

4.9 |* reducing the use of

fossil fuels

+ switching to low-carbon
fuels

* using alternative forms
of energy

* updating transport
policies

Describe the following
strategies for managing climate
change, describing how each
one can decrease greenhouse
gas emissions:

e reducing the use of fossil
fuels

e switching to low-carbon fuels

e using alternative forms of
energy

e updating transport policies

e reduction of global and
individual carbon footprint

3y Ay Claddl Y Coay @

IS Sy S a5 cpliall s
Aandal) ) e Glilan) Jales Lgia
285l aladia) e asll e
sy
paitia s iy N il o
O S
ZUal ALy QIS il o
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* reduction of global and
individual carbon
footprint

» use of carbon capture
and storage

* reducing deforestation,
increasing reforestation
and afforestation

» energy efficient buildings
and infrastructure

* adaptation to climate
change

* national and
international agreements
such as Kyoto Protocol
1997, Paris Agreement
2016 (detailed
knowledge of
international agreements
is not required)

e use of carbon capture and
storage

e reducing deforestation

e increasing reforestation and
afforestation

e energy-saving building and
infrastructure.

Describe adaptations to climate
change suitable for communities
facing different climate change
threats.

Describe how national and
international agreements can
decrease greenhouse gas
emissions.

& 5K daaid) (30 2l

g il 5 dallal)

A 3335 05 S ladal aladdul

Ll A 3) e aal)

el g g paill Bale ) B3y )

38 gall Aindll Al g Sl

Al
e g BBl bl il Cauay
) Glaaiaall dpnliall ~Lial)
el puadl dalide Cilaagh 4al 6
il gl LEN (S S iy
Gl e Gl (pe aal) 44 gall
Asddl)

i g Sl daadl e a1l @
a5 Aulal

OsS) ladal At e
g

3L 5 g lladl A1 3) (pe sl @
el 5 o adl sale

5 pall Aial il )
4l

t\.’mﬂ\ PrApS (Aat_“d\ °

Jio 43l 535 dyika 5 LBl @
1992 5i5S JsSsis
48 )24ll) 2016 b 48
e A gl CLEEYL dlyadi)
(R s

4.10

outline geo-engineering
strategies to counteract
climate change including:

» solar radiation
management (SRM)

— albedo enhancement,
space reflectors,
stratospheric aerosols

Define the term geo-engineering.

Describe the geo-engineering
strategy of solar radiation
management (SRM).
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4.1

evaluate strategies for
managing climate change

Describe the types of negative
effects that can result from
strategies to manage climate
change.

Describe the benefits that can
result from strategies to manage
climate change.

Evaluate strategies for managing
climate change including:

decreasing greenhouse gas
emissions

geo-engineering
adaptations

migration.
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