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mê~ÅíáÅ~ä=ïçêâ=áå=^Çî~åÅÉÇ=d`b=_áçäçÖó=~åÇ=_áçäçÖó=Eeìã~åF N
mäÉ~ëÉ=åçíÉ=íÜ~í=íÜÉ=éê~ÅíáÅ~ä=ÖìáÇÉ=íç=íÜÉ=^p=ìåáíë=áë=áåÅäìÇÉÇ=áå=íÜÉ=qÉ~ÅÜÉêÛë=ÖìáÇÉ
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mo^`qf`^i=tloh=fk=^as^k`ba=_flildv=^ka=_flildv=Eerj^kF

fåíêçÇìÅíáçå

mê~ÅíáÅ~ä= ïçêâ= áë= ~å= áåíÉÖê~ä= é~êí= çÑ= íÜÉ= péÉÅáÑáÅ~íáçåë= ~åÇ= ëÜçìäÇ= ÄÉ= ÉåÅçìê~ÖÉÇ
ïÜÉêÉîÉê=éçëëáÄäÉK= =låÉ=çÑ= íÜÉ=~ëëÉëëãÉåí=çÄàÉÅíáîÉë= EbñéÉêáãÉåí=~åÇ= áåîÉëíáÖ~íáçåI
^lPFI= Ñçê= ÄçíÜ= ^p= ~åÇ= ^Çî~åÅÉÇ= d`bI= êÉä~íÉë= ëéÉÅáÑáÅ~ääó= íç= íÜÉ= ~ëëÉëëãÉåí= çÑ
Å~åÇáÇ~íÉëÛ= ÉñéÉêáÉåÅÉ= çÑ= éê~ÅíáÅ~ä= ~ÅíáîáíáÉëK= = qÜáë= ~ëëÉëëãÉåí= çÄàÉÅíáîÉ= ëí~íÉë= íÜ~í
Å~åÇáÇ~íÉë=ëÜçìäÇ=ÄÉ=~ÄäÉ=íçW

➣ aÉîáëÉ=~åÇ=éä~å=ÉñéÉêáãÉåí~ä=~ÅíáîáíáÉëI=ëÉäÉÅíáåÖ=~ééêçéêá~íÉ=íÉÅÜåáèìÉë

➣ aÉãçåëíê~íÉ=ë~ÑÉ=~åÇ=ëâáäÑìä=éê~ÅíáÅ~ä=íÉÅÜåáèìÉë

➣ j~âÉ= çÄëÉêî~íáçåë= ~åÇ=ãÉ~ëìêÉãÉåíë=ïáíÜ= ~ééêçéêá~íÉ= éêÉÅáëáçå= ~åÇ= êÉÅçêÇ
íÜÉëÉ=ãÉíÜçÇáÅ~ääó

➣ fåíÉêéêÉíI=Éñéä~áåI=Éî~äì~íÉ=~åÇ=ÅçããìåáÅ~íÉ=íÜÉ=êÉëìäíë=çÑ=íÜÉáê=ÉñéÉêáãÉåí~ä
~ÅíáîáíáÉë= ìëáåÖ= ÄáçäçÖáÅ~ä= âåçïäÉÇÖÉ= ~åÇ= ìåÇÉêëí~åÇáåÖ= ~åÇ= ÉãéäçóáåÖ
~ééêçéêá~íÉ=ëéÉÅá~äáëí=îçÅ~Äìä~êóK

cìêíÜÉê=ÇÉí~áäë=çÑ=íÜÉ=ÉñéÉêáãÉåí~ä=~åÇ=áåîÉëíáÖ~íáîÉ=ëâáääë=~êÉ=ÖáîÉå=çå=é~ÖÉë=V=J=NM=çÑ
íÜÉ=péÉÅáÑáÅ~íáçåëK

^ëëÉëëãÉåí= råáí= SI= póåçéíáÅ= ~åÇ= éê~ÅíáÅ~ä= ~ëëÉëëãÉåíI= áåÅäìÇÉë= íïç= ~ëëÉëëãÉåí
ÅçãéçåÉåíëW

➣ m~éÉê=MN qO=mê~ÅíáÅ~ä=~ëëÉëëãÉåí=çÑ=ÅçìêëÉïçêâ

➣ m~éÉê=MP póåçéíáÅ=m~éÉê

cçê=m~éÉê=MNI=ëíìÇÉåíë=ïáää=Å~êêó=çìí=~åÇ=éêÉëÉåí=~=êÉéçêí=çÑ=~å= áåÇáîáÇì~ä=ëíìÇó=~åÇ
ïáää=ÄÉ=êÉèìáêÉÇ=íç=~ééäó=~åÇ=ìåÇÉêëí~åÇ=íÜÉ=ëáÖåáÑáÅ~åÅÉ=çÑ=~å=~ééêçéêá~íÉ=ëí~íáëíáÅ~ä
íÉëíK= = qÜÉ= íÉ~ÅÜÉê= áå= íÜÉ= ÅÉåíêÉ= ïáää= Å~êêó= çìí= ~ëëÉëëãÉåí= çÑ= íÜÉ= éä~ååáåÖ= ~åÇ
áãéäÉãÉåíáåÖI=~åÇ=bÇÉñÅÉä=ïáää=ã~êâ=É~ÅÜ=ïêáííÉå=êÉéçêíK

Candidates may take Paper 02
(W2 Written alternative test)
as an alternative to this Paper.
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qÜÉ=~áãë=çÑ=íÜáë=ÄççâäÉí=~êÉ

➣ qç=çìíäáåÉ=íÜÉ=éê~ÅíáÅ~ä=~ÅíáîáíáÉë=áåÅäìÇÉÇ=áå=råáíë=Q=~åÇ=R=çÑ=íÜÉ=péÉÅáÑáÅ~íáçåë
EfåÇáÅ~íÉÇ=Äó=❏F

➣ qç=ÖáîÉ=ëìÖÖÉëíáçåë=~åÇ=ÖìáÇ~åÅÉ=çå=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=áåÇáîáÇì~ä=ëíìÇáÉë
EfåÇáÅ~íÉÇ=Äó=•F

➣ qç=ÖáîÉ=ÖìáÇ~åÅÉ=çå=íÜÉ=ÅÜçáÅÉ=çÑ=~ééêçéêá~íÉ=ëí~íáëíáÅ~ä=íÉëíëK

råáí=SW m~éÉê=MN=qO=^å=fåÇáîáÇì~ä=píìÇó

qÜáë= ëÉÅíáçå= çÑ= íÜÉ= ~ëëÉëëãÉåí= áë= áåíÉåÇÉÇ= íç= ÖáîÉ= ëíìÇÉåíë= íÜÉ= çééçêíìåáíó= íç= éä~å
~åÇ=Å~êêó=çìí=~=ëÅáÉåíáÑáÅ=áåîÉëíáÖ~íáçåI=~åÇ=íç=ïêáíÉ=~=êÉéçêí=çÑ=áí=áå=~=ëíóäÉ=ëáãáä~ê=íç
íÜ~í= ìëÉÇ= áå= ëÅáÉåíáÑáÅ= àçìêå~äëK= = qÜÉ= ëíìÇó= ãìëí= ÄÉ= Ä~ëÉÇ= çå= ~= èì~åíáí~íáîÉ
áåîÉëíáÖ~íáçå= ~åÇ=ã~ó= ÄÉ= äáåâÉÇ= íç= ~åó= é~êí= çÑ= íÜÉ= péÉÅáÑáÅ~íáçåëK= = píìÇÉåíë=ïáää= ÄÉ
êÉèìáêÉÇ=íç=~ééäó=~åÇ=ìåÇÉêëí~åÇ=íÜÉ=ëáÖåáÑáÅ~åÅÉ=çÑ=~å=~ééêçéêá~íÉ=ëí~íáëíáÅ~ä=íÉëíK

b~ÅÜ= ëíìÇÉåí= ïáää= ëìÄãáí= Ñçê= ~ëëÉëëãÉåí= íÜÉ= ïêáííÉå= êÉéçêí= çÑ= íÜÉ= éê~ÅíáÅ~ä= ïçêâ
Å~êêáÉÇ= çìí= Ñçê= íÜÉ= áåÇáîáÇì~ä= ëíìÇóK= = qÜÉ= íÉ~ÅÜÉê= áå= íÜÉ= ÅÉåíêÉ= ïáää= Å~êêó= çìí
~ëëÉëëãÉåí=çÑ=íÜÉ=áãéäÉãÉåíáåÖ=~åÇ=éä~ååáåÖ=çÑ=íÜÉ=ëíìÇó=~åÇ=bÇÉñÅÉä=ïáää=ÉñíÉêå~ääó
~ëëÉëë= íÜÉ= ïêáííÉå= êÉéçêíK= = qÉ~ÅÜÉêë= çê= íìíçêë= êÉëéçåëáÄäÉ= ïáää= ÄÉ= êÉèìáêÉÇ= íç
~ìíÜÉåíáÅ~íÉ=íÜÉ=ïçêâ=~åÇ=ã~ó=ÄÉ=~ëâÉÇ=Ñçê=ÇÉí~áäë=~ë=íç=Üçï=áí=ï~ë=Å~êêáÉÇ=çìíK

qÜÉ=éê~ÅíáÅ~ä=ïçêâ=ã~ó=ÄÉ=Å~êêáÉÇ=çìí=Äó=ëíìÇÉåíë=áå=ÇáÑÑÉêÉåí=ëáíì~íáçåëW=Ñçê=Éñ~ãéäÉI
áå=~=ä~Äçê~íçêó=çÑ=íÜÉ=ëÅÜççä=çê=ÅçääÉÖÉI=çê=~ë=é~êí=çÑ=ÑáÉäÇïçêâK==fí=áë=ÉñéÉÅíÉÇ=íÜ~í=íÜÉ
íçéáÅ=ÄÉáåÖ=áåîÉëíáÖ~íÉÇ=ïáää=ÄÉ=~å=ÉñíÉåëáçå=çÑ=íÜÉ=åçêã~ä=ÉñéÉêáãÉåí~ä=ïçêâ=Å~êêáÉÇ
çìí=áå=íÜÉ=ëíìÇó=çÑ=íÜÉ=péÉÅáÑáÅ~íáçåë=~åÇ=ëÜçìäÇ=ÄÉ=êÉä~íÉÇ=íç=íÜÉ=ÄáçäçÖáÅ~ä=éêáåÅáéäÉë
ÅçîÉêÉÇ=áå=íÜÉ=péÉÅáÑáÅ~íáçåëK= =tÜáäëí= áí= áë=~ÅÅÉéíÉÇ=íÜ~í=ëíìÇÉåíë=ã~ó=~ÇÇêÉëë=ëáãáä~ê
~êÉ~ë= çÑ= íÜÉ= péÉÅáÑáÅ~íáçåëI= áí= áë= ÉñéÉÅíÉÇ= íÜ~í= íÜÉó= ïáää= Ü~îÉ= íÜÉ= çééçêíìåáíó= íç
áåîÉëíáÖ~íÉ= áåÇáîáÇì~ä= ÜóéçíÜÉëÉëK= = qÜÉ= éê~ÅíáÅ~ä= ïçêâ= ãìëí= áåîçäîÉ= ã~âáåÖ
ãÉ~ëìêÉãÉåíë=~åÇ=íÜìë=óáÉäÇ=èì~åíáí~íáîÉ=êÉëìäíëK==oÉîáÉïë=çÑ=äáíÉê~íìêÉ=çê=èì~äáí~íáîÉ
çÄëÉêî~íáçåë=~êÉ=åçí=~ÅÅÉéí~ÄäÉ=Ñçê=íÜÉ=ëíìÇóK

qÜÉ= äÉåÖíÜ=çÑ= íÜÉ=ïêáííÉå=êÉéçêí= áë=ÉñéÉÅíÉÇ=íç=ÄÉ=~Äçìí=PRMM=ïçêÇëK= =píìÇÉåíë=ïáää
åçí=ÄÉ=éÉå~äáëÉÇ=Ñçê=éêÉëÉåíáåÖ=äçåÖÉê=êÉéçêíë=Äìí=íÜÉó=ëÜçìäÇ=êÉ~äáëÉ=íÜ~í=íÜÉó=ã~ó
Ü~îÉ=ëéÉåí=ÉñÅÉëëáîÉ=íáãÉ=çå=íÜÉ=éê~ÅíáÅ~ä=ïçêâ=çê=íÜÉ=ïêáíáåÖ=çÑ=íÜÉ=êÉéçêíI=~åÇ=åçí
Ö~áåÉÇ= ~åó=ãçêÉ=ã~êâë=Äó= ÇçáåÖ= ëçK= = _ÉÑçêÉ= ëí~êíáåÖ= íÜÉ= áåÇáîáÇì~ä= ëíìÇóI= ëíìÇÉåíë
ëÜçìäÇ= ÄÉ= ÖìáÇÉÇ= áåíç= ÇÉîáëáåÖ= ~å= áåîÉëíáÖ~íáçå= íÜ~í= áë= äáâÉäó= íç= ÖáîÉ= ãÉ~åáåÖÑìä
êÉëìäíë=~åÇ=Å~å=ÄÉ=Å~êêáÉÇ=çìí=ïáíÜ=íÜÉ=êÉëçìêÅÉë=~î~áä~ÄäÉK

Note that some of the suggestions for individual investigations included in the Teachers’ guide for
Advanced Subsidiary GCE in Biology and Biology (Human) (Publication Code 007577) could be
developed to form the basis for individual studies.
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qÜÉ=ã~êâë=~ääçÅ~íÉÇ=íç=É~ÅÜ=ëÉÅíáçå=çÑ=íÜÉ=áåÇáîáÇì~ä=ëíìÇó=~êÉ=ëÜçïå=ÄÉäçïK

mä~ååáåÖ Q=ã~êâë
fãéäÉãÉåíáåÖ Q=ã~êâë
fåíêçÇìÅíáçå Q=ã~êâë
jÉíÜçÇë P=ã~êâë
^å~äóëáåÖ=ÉîáÇÉåÅÉ S=ã~êâë
aáëÅìëëáçå=~åÇ=Éî~äì~íáçå U=ã~êâë
píóäÉ P=ã~êâë

qçí~ä PO=ã~êâë

pÉÅíáçåë=áå=fí~äáÅë=~êÉ=íç=ÄÉ=~ëëÉëëÉÇ=áåíÉêå~ääó=Äó=íÉ~ÅÜÉêëK

cìää=ÇÉí~áäë=çÑ=íÜÉ=ëÅÜÉãÉ=çÑ=~ëëÉëëãÉåí=~åÇ=éê~ÅíáÅ~ä=ëâáääë=ÅêáíÉêá~=~êÉ=áåÅäìÇÉÇ=áå=íÜÉ
péÉÅáÑáÅ~íáçåëK

mêçÖêÉëëáçå=Ñêçã=^p=íç=^O

fí= ïáää= ÄÉ= ÉîáÇÉåí= Ñêçã= íÜÉ= éê~ÅíáÅ~ä= ëâáääë= ÅêáíÉêá~= íÜ~íI= ïÜáäëí= íÜÉêÉ= áë= ÅçåëáÇÉê~ÄäÉ
çîÉêä~é= ïáíÜ= íÜÉ= êÉèìáêÉãÉåíë= Ñçê= råáí= P= EqNFI= íÜÉêÉ= ~êÉ= ëáÖåáÑáÅ~åí= ~ÇÇáíáçå~ä
êÉèìáêÉãÉåíëK= = få= é~êíáÅìä~êI= Å~åÇáÇ~íÉë= ~êÉ= ÉñéÉÅíÉÇ= íç= ÅçåëáÇÉê= íÜÉ= å~íìêÉ= ~åÇ
èì~åíáíó=çÑ=Ç~í~=íÜÉó=~êÉ=íç=ÅçääÉÅí=~í=íÜÉ=éä~ååáåÖ=ëí~ÖÉI=ïáíÜ=~=îáÉï=íç=ëìÄëÉèìÉåí
ëí~íáëíáÅ~ä= ~å~äóëáëI= ÇáëÅìëë= ~åÇ= ~å~äóëÉ= íÜÉáê= ÑáåÇáåÖë= áå= ÖêÉ~íÉê= ÇÉéíÜI= ~åÇ= é~ó
é~êíáÅìä~ê=~ííÉåíáçå=íç=íÜÉ=Ñçêã~í=~åÇ=éêÉëÉåí~íáçå=çÑ=íÜÉáê=êÉéçêíëK

eÉäé=~åÇ=ÖìáÇ~åÅÉ

fí= áë=ÉñéÉÅíÉÇ= íÜ~í= Å~åÇáÇ~íÉë=ïáää=åÉÉÇ=ëçãÉ=ÖìáÇ~åÅÉ= áå= ëÉäÉÅíáåÖ=~å= áåîÉëíáÖ~íáçåI
ïÜáÅÜ=ïáää=Éå~ÄäÉ=íÜÉã=íç=ãÉÉí=~ää=íÜÉ=ÅêáíÉêá~K==båëìêáåÖ=íÜ~í=ëíìÇÉåíë=~îçáÇ=íÜÉ=ìëÉ
çÑ= ãìäíáéäÉ= ÜóéçíÜÉëÉëI= çê= ëáãéäÉ= êÉéÉíáíáçå= çÑ= ëí~åÇ~êÇ= ÉñéÉêáãÉåíëI= ïçìäÇ= ÄÉ
~ÅÅÉéí~ÄäÉ=ïáíÜçìí=éÉå~äíóK==tÜÉêÉ=ÑìêíÜÉê=~ÇîáÅÉ=çê=ÖìáÇ~åÅÉ=ï~ë=åÉÅÉëë~êó=áí=ïçìäÇ
ÄÉ=ÉñéÉÅíÉÇ= íÜ~í=~ååçí~íáçåë=çå= íÜÉ=Ñáå~ä= êÉéçêí=ïçìäÇ=Éñéä~áå= íÜÉ=ÉñíÉåí= íç=ïÜáÅÜ
íÜáë=Ü~Ç=ÄÉÉå=ÖáîÉå=~åÇ=Üçï=íÜáë=Ü~Ç=ÄÉÉå=í~âÉå=áåíç=~ÅÅçìåí=ïÜÉå=~ï~êÇáåÖ=ã~êâëK
cçê=ëçãÉ=ëíìÇÉåíëI=äáãáíÉÇ=áåíÉêîÉåíáçå=~í=íÜáë=É~êäó=ëí~ÖÉ=ïáíÜ=~=êÉÇìÅíáçå=áå=ã~êâë=áå
çåÉ= ëÉÅíáçå=ïçìäÇ= ÄÉ= éêÉÑÉê~ÄäÉ= íç= ~ääçïáåÖ= íÜÉã= íç= ÅçåíáåìÉ=ïáíÜ= áåîÉëíáÖ~íáçåëI
ïÜáÅÜ=ïçìäÇ=åçí=éêçîáÇÉ=çééçêíìåáíáÉë=íç=ãÉÉí=~ää=íÜÉ=ÅêáíÉêá~K

tçêâáåÖ=áå=Öêçìéë

fí=áë=åçí=~ÅÅÉéí~ÄäÉ=Ñçê=ëíìÇÉåíë=íç=ïçêâ=íçÖÉíÜÉê=íç=éêçÇìÅÉ=~å=áåÇáîáÇì~ä=ëíìÇóK==qÜáë
áåÉîáí~Ääó= ã~âÉë= áí= áãéçëëáÄäÉ= íç= ~ëëÉëë= íÜÉ= ëâáääë= çÑ= áåÇáîáÇì~ä= Å~åÇáÇ~íÉëK= = fí= áë
ÉñéÉÅíÉÇ= íÜ~í= ÑáÉäÇïçêâ= ïáää= ÅçåíáåìÉ= íç= éêçîáÇÉ= ã~åó= ÉñÅÉääÉåí= áåîÉëíáÖ~íáîÉ
çééçêíìåáíáÉëI=Äìí=ÅÉåíêÉë=åÉÉÇ=íç=ÄÉ=~ï~êÉ=íÜ~í=Éñ~ãáåÉêë=ïáää=~ï~êÇ=çåäó=ãáåáã~ä
ã~êâë=ïÜÉêÉ=ëíìÇáÉë=ëÜçï=ëíêçåÖ=ëáãáä~êáíáÉë=áå=~êÉ~ë=ëìÅÜ=~ë=ë~ãéäáåÖ=ãÉíÜçÇëI=Ç~í~
éêÉëÉåí~íáçå=~åÇ=~å~äóëáëK
tÜÉêÉ=áåîÉëíáÖ~íáçåë=~êÉ=Å~êêáÉÇ=çìí=~í=ÑáÉäÇ=ëíìÇó=ÅÉåíêÉëI=áí=êÉã~áåë=íÜÉ=êÉëéçåëáÄáäáíó
çÑ= íÜÉ= Å~åÇáÇ~íÉëÛ= ÜçãÉ= ÅÉåíêÉ= íç= ÉåëìêÉ= íÜ~í= íÜÉ= êÉèìáêÉãÉåíë= çÑ= íÜÉ= éê~ÅíáÅ~ä
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A note on safety

Teachers should be aware of their obligations under the Health and Safety at Work Act, Control of Substances
Hazardous to Health (COSHH) Regulations, and the Management of Health and Safety at Work Regulations.

When planning the Individual Study, students should be encouraged to carry out their own risk assessments to
identify hazards and plan suitable ways of reducing the risks arising from them, before carrying out practical
work.

~ëëÉëëãÉåí=ÅêáíÉêá~=~êÉ=Ñìääó=ìåÇÉêëíççÇ=~åÇ=íÜ~í=íÜÉ=å~íìêÉ=çÑ=~åó=ÜÉäé=çê=ÖìáÇ~åÅÉ=áë
Å~êÉÑìääó=êÉÅçêÇÉÇK

qÜÉ= ëáåÖäÉ= ãçëí= áãéçêí~åí= Ñ~Åíçê= áå= ëìÅÅÉëëÑìä= áåîÉëíáÖ~íáçåë= áë= Å~êÉÑìäI= ÇÉí~áäÉÇ
éä~ååáåÖ=ëìééçêíÉÇ=ïÜÉêÉ=éçëëáÄäÉ=Äó=ëáãéäÉ=éáäçí=ÉñéÉêáãÉåíëK

Past experience has shown that high-scoring studies:

➣ Have one, straightforward, testable hypothesis

➣ Have detailed plans, which consider how all the important variables are to be controlled and how safety
requirements are to be met

➣ The plans also describe how suitable data will be collected, and refer to the use of an appropriate
statistical test to verify the hypothesis

➣ Consider interesting questions rather than repeating standard ‘textbook’ experiments

➣ Give students opportunities to vary their own methods, and display and analyse their data in an 
individual way

➣ Have short pilot experiments to establish a workable and reliable method

➣ Show clear progression from AS coursework

➣ Limit the use of biological theory to that which is relevant to the hypothesis being tested

➣ Pay careful attention to the use of SI units in all tabulation and data presentation

➣ Display data in a appropriate format which aids analysis of results

➣ Analyse the limitations of the techniques used rather than suggesting practical incompetence in using
simple apparatus.
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råáí=Q oÉëéáê~íáçå=~åÇ=ÅççêÇáå~íáçå=~åÇ=léíáçåë

mê~ÅíáÅ~ä=ïçêâ=äáëíÉÇ=áå=íÜÉ=ëéÉÅáÑáÅ~íáçå=Ñçê=íÜáë=råáí=áåÅäìÇÉëW

❑ bñéÉêáãÉåíë= íç= áääìëíê~íÉ= íÜÉ= êçäÉ=çÑ= ÜóÇêçÖÉå= ~ÅÅÉéíçêë= ìëáåÖ= ~= êÉÇçñ
áåÇáÅ~íçê

❑ oÉ~Åíáçå=íáãÉ=ÉñéÉêáãÉåíë

❑ jáÅêçëÅçéáÅ=Éñ~ãáå~íáçå=çÑ=íÜÉ=ÜáëíçäçÖó=çÑ=íÜÉ=ëéáå~ä=ÅçêÇ

léíáçå=^ jáÅêçÄáçäçÖó=~åÇ=ÄáçíÉÅÜåçäçÖó

❑ rëÉ=çÑ=dê~ã=ëí~áåáåÖ=áå=íÜÉ=áÇÉåíáÑáÅ~íáçå=çÑ=Ä~ÅíÉêá~

❑ mêÉé~ê~íáçå=~åÇ=ëíÉêáäáë~íáçå=çÑ=ãÉÇá~I=~Ö~ê=éä~íÉ=éçìêáåÖ=~åÇ
áåçÅìä~íáçå=ìëáåÖ=ëíÉêáäÉ=ïáêÉ=äççéëI=éáéÉííÉë=~åÇ=ëéêÉ~ÇÉêë

❑ fåîÉëíáÖ~íáçå= çÑ= íÜÉ= ìëÉ= çÑ= ÇáÑÑÉêÉåí= Å~êÄçå= ~åÇ= åáíêçÖÉå= ëçìêÅÉë= Ñçê
ÖêçïíÜ=ìëáåÖ=ÅìäíìêÉë=çå=~Ö~ê=éä~íÉë=çê=áå=äáèìáÇ=ÅìäíìêÉ

❑ jÉ~ëìêÉãÉåí=çÑ=ÅìäíìêÉ=ÖêçïíÜ=íç=áåîÉëíáÖ~íÉ=íÜÉ=ÖêçïíÜ=çÑ=~
ãáÅêççêÖ~åáëã=áå=äáèìáÇ=ÅìäíìêÉ

❑ ^=ëíìÇó=çÑ=íÜÉ=çéíáã~ä=ÅçåÇáíáçåë=åÉÅÉëë~êó= Ñçê=óçÖÜìêí=éêçÇìÅíáçåI=çê
Ñçê=ÑÉêãÉåí~íáçå=Äó=óÉ~ëí=áå=ÄêÉïáåÖ=çê=ÇçìÖÜ=éêçÇìÅíáçå

léíáçå=_ cççÇ=ëÅáÉåÅÉ

❑ aÉíÉêãáå~íáçå=çÑ=íÜÉ=Å~äçêáÑáÅ=î~äìÉë=çÑ=ëáãéäÉ=ÑççÇë=ìëáåÖ=~=Å~äçêáãÉíÉê

❑ bëíáã~íáçå=çÑ=ëìÄÅìí~åÉçìë=Ñ~í=Äó=ëâáåÑçäÇ=ãÉ~ëìêÉãÉåíë

❑ fåîÉëíáÖ~íáçåë=çÑ=íÜÉ=éÉêÅÉéíáçå=çÑ=ëïÉÉíåÉëë=áå=Çêáåâë=çê=ÑççÇë

❑ nì~åíáí~íáîÉ=Éëíáã~íáçå=çÑ=ëìÖ~êë=~åÇ=~ëÅçêÄáÅ=~ÅáÇ=áå=Ñêìáíë=~í=î~êáçìë
ëí~ÖÉë=çÑ=ëíçê~ÖÉ

❑ tÉáÖÜí=äçëë=áå=é~Åâ~ÖÉÇ=ÑççÇë

❑ qÜÉ=êÉë~òìêáå=íÉëíI=ãÉíÜóäÉåÉ=ÄäìÉ=íÉëí=~åÇ=íìêÄáÇáíó=íÉëí=áå=êÉä~íáçå=íç
ãáäâ=çÑ=ÇáÑÑÉêÉåí=~ÖÉë=~åÇ=íÜÉ=ÉÑÑÉÅíáîÉåÉëë=çÑ=é~ëíÉìêáë~íáçå=~åÇ
ëíÉêáäáë~íáçå

❑ nì~åíáí~íáîÉ=áåîÉëíáÖ~íáçåë=çÑ=íÜÉ=ÅÜ~åÖÉë=áå=ÑççÇë=ÇìêáåÖ=íÜÉ=éêçÅÉëë=çÑ
ÑÉêãÉåí~íáçåK
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léíáçå=` eìã~å=ÜÉ~äíÜ=~åÇ=ÑáíåÉëë

❑ píìÇó=çÑ=éêÉé~êÉÇ=ëäáÇÉë=çÑ=Å~êÇá~Å=íáëëìÉI=äìåÖ=íáëëìÉ=~åÇ=ëíêá~íÉÇ=ãìëÅäÉ
íáëëìÉ

❑ qÜÉ=ÉÑÑÉÅí=çÑ=^qm=çå=íÜÉ=Åçåíê~Åíáçå=çÑ=ãìëÅäÉ=ÑáÄêÉë

❑ qÜÉ=ÉÑÑÉÅíë=çÑ=éÜóëáÅ~ä=~Åíáîáíó=çå=éìäëÉ=ê~íÉ=~åÇ=ÄäççÇ=éêÉëëìêÉ

❑ rëÉ=çÑ=ëáãéäÉ=~éé~ê~íìë=íç=Éëíáã~íÉ=îáí~ä=Å~é~Åáíó=~åÇ=î~êá~íáçå=áå
ÄêÉ~íÜáåÖ=ïáíÜ=éÜóëáÅ~ä=~Åíáîáíó

❑ fåîÉëíáÖ~íáçå=çÑ=íÜÉ=ÉÑÑÉÅí=çÑ=~=íê~áåáåÖ=éêçÖê~ããÉ

❑ bëíáã~íáçå=çÑ=éÉêÅÉåí~ÖÉ=ÄçÇó=Ñ~íK

bñéÉêáãÉåíë=íç=áääìëíê~íÉ=íÜÉ=êçäÉ=çÑ=ÜóÇêçÖÉå=~ÅÅÉéíçêë=ìëáåÖ=~=êÉÇçñ=áåÇáÅ~íçê

^= ãÉíÜçÇ= Ñçê= áåîÉëíáÖ~íáåÖ= íÜÉ= êçäÉ= çÑ= ~å= ~êíáÑáÅá~ä= ÜóÇêçÖÉå= ~ÅÅÉéíçêI= Eqq`I= OIPIRJ
íêáéÜÉåóäíÉíê~òçäáìã=ÅÜäçêáÇÉF=áë=ÇÉëÅêáÄÉÇ=áå=`Éää=_áçäçÖó=~åÇ=dÉåÉíáÅë=~åÇ=oÉëéáê~íáçå
~åÇ=`ççêÇáå~íáçåK==qÜáë=ãÉíÜçÇ=áåîçäîÉë=áåÅìÄ~íáåÖ=~å=~ÅíáîÉäó=êÉëéáêáåÖ=ëìëéÉåëáçå=çÑ
óÉ~ëí= ïáíÜ= ~= qq`= ëçäìíáçå= ~åÇ= åçíáåÖ= íÜÉ= íáãÉ= í~âÉå= Ñçê= íÜÉ= ëìëéÉåëáçå= íç= íìêå= ~
ëí~åÇ~êÇ=éáåâ=ÅçäçìêI=~ë=íÜÉ=qq`=áë=êÉÇìÅÉÇK

jÉíÜóäÉåÉ=ÄäìÉ=ã~ó=~äëç=ÄÉ=ìëÉÇ=~ë=~å=~êíáÑáÅá~ä=ÜóÇêçÖÉå=~ÅÅÉéíçêI=ìëáåÖ=é~ëíÉìêáëÉÇ
ãáäâ= ~ë= ~= ëçìêÅÉ= çÑ= êÉëéáêáåÖ= ãáÅêççêÖ~åáëãëK= = mêÉé~êÉ= ~= RKM= B= ëçäìíáçå= çÑ
~ÅÉí~äÇÉÜóÇÉ=~åÇ=~ÇÇ=~=ÑÉï=Çêçéë=çÑ=éÜÉåçäéÜíÜ~äÉáå=áåÇáÅ~íçêI=ÑçääçïÉÇ=Äó=~=ÇáäìíÉ
ëçäìíáçå= çÑ= ëçÇáìã= Å~êÄçå~íÉ= ìåíáä= íÜÉ=ãáñíìêÉ= àìëí= íìêåë= éáåâK= = ^ÇÇ= NKM= ÅãP= çÑ= íÜáë
ëçäìíáçå= íç= RKM= ÅãP= çÑ= é~ëíÉìêáëÉÇ= ãáäâ= áå= ~= íÉëí= íìÄÉ= ~åÇ= ~ÇÇ
NKM=ÅãP=çÑ=MKMN=B=ãÉíÜóäÉåÉ=ÄäìÉ=ëçäìíáçåK==pÜ~âÉ=Å~êÉÑìääóI=íÜÉå=ëíçééÉê=íÜÉ=íìÄÉ=~åÇ
áåÅìÄ~íÉ= áå= ~= ï~íÉê= Ä~íÜ= ~í= QM= °`K= kçíÉ= íÜÉ= íáãÉ= í~âÉå= Ñçê= íÜÉ= ãÉíÜóäÉåÉ= ÄäìÉ= íç
ÄÉÅçãÉ=ÇÉÅçäçìêáëÉÇK==fí=áë=áãéçêí~åí=åçí=íç=ëÜ~âÉ=íÜÉ=íìÄÉ=ÇìêáåÖ=íÜÉ=áåÅìÄ~íáçåK

❑ oÉ~Åíáçå=íáãÉ=ÉñéÉêáãÉåíë

bäÉÅíêçåáÅ=ãÉíÜçÇë=ã~ó=ÄÉ=~î~áä~ÄäÉ=Ñçê=áåîÉëíáÖ~íáåÖ=êÉ~Åíáçå=íáãÉë=íç=î~êáçìë=ëíáãìäáI
ëìÅÜ=~ë=~ìÇáç=çê=îáëì~ä=ëíáãìäáK==oÉ~Åíáçå=íáãÉ=íç=~=îáëì~ä=ëíáãìäìë=Å~å=ÄÉ=ãÉ~ëìêÉÇ
ÅçåîÉåáÉåíäó=ìëáåÖ=íÜÉ=ÚêìäÉêJÇêçéÛ=íÉëíI=áå=ïÜáÅÜ=~=ãÉíêÉ=êìäÉ=áë=ÜÉäÇ=ïáíÜ=íÜÉ=RM=Åã
ã~êâ=ÄÉíïÉÉå=íÜÉ=íÜìãÄ=~åÇ=Ñáêëí=ÑáåÖÉê=çÑ=íÜÉ=ëìÄàÉÅí=~åÇ=ÇêçééÉÇ=ïáíÜçìí=ï~êåáåÖK
qÜÉ=Çáëí~åÅÉ=íÜÉ=êìäÉê=Çêçéë=áë=íÜÉå=åçíÉÇ=Äó=êÉÅçêÇáåÖ=íÜÉ=Çáëí~åÅÉ=àìëí=~ÄçîÉ=íÜÉ
áåÇÉñ=ÑáåÖÉê=çÑ=íÜÉ=ëìÄàÉÅíK==aáëí~åÅÉ=áë=íÜÉå=ÅçåîÉêíÉÇ=íç=íáãÉ=ìëáåÖ=íÜÉ=Ñçêãìä~
ÄÉäçïK
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tÜÉêÉ=í=Z=íáãÉ=Eáå=ëÉÅçåÇëF

ë=Z=Çáëí~åÅÉ=ÇêçééÉÇ=Eáå=ãÉíêÉëF

Ö=Z=VKUN=E~ÅÅÉäÉê~íáçå=ÇìÉ=íç=Öê~îáíóF

píìÇÉåíë= ÅçìäÇ= ìëÉ= íÜáë= ãÉíÜçÇ= íç= áåîÉëíáÖ~íÉI= Ñçê= Éñ~ãéäÉI= ÇáÑÑÉêÉåÅÉë= áå= êÉ~Åíáçå
íáãÉë= ÄÉíïÉÉå= ã~äÉë= ~åÇ= ÑÉã~äÉë= ~åÇ= íÜÉ= êÉä~íáçåëÜáé= ÄÉíïÉÉå= êÉ~Åíáçå= íáãÉ= ~åÇ
~ÖÉK==cìêíÜÉê=ÇÉí~áäë=çÑ=íÜÉ=íÉëí=~êÉ=ÖáîÉå=áå=mÜóëáÅ~ä=bÇìÅ~íáçå=~åÇ=íÜÉ=píìÇó=çÑ=péçêí
EqÜáêÇ=bÇáíáçåFI=_K=a~îáëI=oK=_ìääI=gK=oçëÅçÉ=~åÇ=aK=oçëÅçÉI=jçëÄó=NVVTI=fp_k=M=TOPQ=OSQO
OK

❑ jáÅêçëÅçéáÅ=Éñ~ãáå~íáçå=çÑ=íÜÉ=ÜáëíçäçÖó=çÑ=íÜÉ=ëéáå~ä=ÅçêÇ

mêÉé~êÉÇ=ãáÅêçëÅçéÉ=ëäáÇÉë=~åÇ=PR=ãã=íê~åëé~êÉåÅáÉë=çÑ=íê~åëîÉêëÉ=ëÉÅíáçåë=çÑ=ëéáå~ä
ÅçêÇ= ~êÉ= ~î~áä~ÄäÉI= Ñçê= Éñ~ãéäÉI= Ñêçã= mÜáäáé= e~êêáë= bÇìÅ~íáçåK= = píìÇÉåíë=ã~ó= ÑáåÇ= áí
ÜÉäéÑìä=íç=îáÉï=~=íê~åëé~êÉåÅó=ÄÉÑçêÉ=Éñ~ãáåáåÖ=~=ëÉÅíáçå=ïáíÜ=íÜÉ=ãáÅêçëÅçéÉI=~åÇ=íç
ìëÉ=Çá~Öê~ãë=çê=éÜçíçãáÅêçÖê~éÜë=íç=ÜÉäé=ïáíÜ=íÜÉ=áåíÉêéêÉí~íáçå=çÑ=íÜÉ=ëÉÅíáçåëK

pçãÉ=ëìÖÖÉëíáçåë=Ñçê=áåÇáîáÇì~ä=ëíìÇáÉë

• açÉë=êÉ~Åíáçå=íáãÉ=î~êó=ïáíÜ=íÜÉ=íáãÉ=çÑ=Ç~ó\

• açÉë=ëãçâáåÖ=~ÑÑÉÅí=êÉ~Åíáçå=íáãÉ\

t  =



UA009817 Edexcel Advanced GCE Biology and Biology (Human) Teachers’ Guide A2 Units 8

léíáçå=^ jáÅêçÄáçäçÖó=~åÇ=ÄáçíÉÅÜåçäçÖó

mê~ÅíáÅ~äë= Ñçê= íÜáë= léíáçå= ~êÉ= ÇÉëÅêáÄÉÇ= áå= jáÅêççêÖ~åáëãë= ~åÇ= _áçíÉÅÜåçäçÖóI= ~åÇ
oÉëéáê~íáçå=~åÇ=`ççêÇáå~íáçå=K

❑ rëÉ=çÑ=dê~ã=ëí~áåáåÖ=áå=íÜÉ=áÇÉåíáÑáÅ~íáçå=çÑ=Ä~ÅíÉêá~

qÜáë=áå=~å=áãéçêí~åí=íÉÅÜåáèìÉ=Ñçê=íÜÉ=áÇÉåíáÑáÅ~íáçå=çÑ=Ä~ÅíÉêá~I=ïÜáÅÜ=~êÉ=ÇáîáÇÉÇ=áåíç
íïç=ÖêçìéëI=dê~ã=éçëáíáîÉ=~åÇ=dê~ã=åÉÖ~íáîÉK==dê~ã=éçëáíáîÉ=Ä~ÅíÉêá~=êÉí~áå=~=Åêóëí~ä
îáçäÉíJáçÇáåÉ=ÅçãéäÉñ=ïÜÉå=íêÉ~íÉÇ=ïáíÜ=çêÖ~åáÅ=ëçäîÉåíë=~åÇ=~ééÉ~ê=éìêéäÉI=ïÜÉêÉ~ë
çêÖ~åáÅ= ëçäîÉåíë= ÇÉÅçäçìêáëÉ= dê~ã= åÉÖ~íáîÉ= Ä~ÅíÉêá~K= = dê~ã= åÉÖ~íáîÉ= ÅÉääë= ~êÉ
ÅçìåíÉêëí~áåÉÇ=ìëáåÖI=Ñçê=Éñ~ãéäÉI=ë~Ñê~åáå=çê=Å~êÄçäJÑìÅÜëáå=~åÇ=~ééÉ~ê=éáåâ=çê=êÉÇK
fí=áë=ÉëëÉåíá~ä=íç=ìëÉ=ÑêÉëÜI=~ÅíáîÉäó=ÖêçïáåÖ=ÅìäíìêÉë=çÑ=Ä~ÅíÉêá~=Ñçê=êÉäá~ÄäÉ=êÉëìäíëK

mêÉé~êÉ=~=ÜÉ~íJÑáñÉÇ=ëãÉ~ê=çÑ=Ä~ÅíÉêá~=çå=~=ÅäÉ~åI=ÖêÉ~ëÉJÑêÉÉ=ãáÅêçëÅçéÉ=~åÇ=ëí~áå=íÜÉ
ëãÉ~ê=ïáíÜ=Åêóëí~ä=îáçäÉíK= =iÉ~îÉ=Ñçê=PM=ëÉÅçåÇëI=êáåëÉ=ïáíÜ=í~é=ï~íÉê= íÜÉå=ÑäççÇ=íÜÉ
ëäáÇÉ=ïáíÜ= áçÇáåÉ=ëçäìíáçåK= = iÉ~îÉ= Ñçê=~= ÑìêíÜÉê=PM= ëÉÅçåÇëI= íÜÉå= êáåëÉ=çÑÑ= íÜÉ= áçÇáåÉ
ïáíÜ=í~é=ï~íÉêK==oáåëÉ=íÜÉ=ëäáÇÉ=ïáíÜ=~äÅçÜçä=ìåíáä=íÜÉ=ï~ëÜáåÖë=~êÉ=é~äÉ=îáçäÉíI=êáåëÉ
~Ö~áå=ïáíÜ=í~é=ï~íÉêI=íÜÉå=ÅçìåíÉêëí~áå=ïáíÜ=ë~Ñê~åáå=Ñçê=çåÉ=ãáåìíÉK==oáåëÉ=íÜÉ=ëäáÇÉ
ïáíÜ=í~é=ï~íÉê=~åÇ=Ääçí=ÇêóK==bñ~ãáåÉ=ìëáåÖ=~å=çáä=áããÉêëáçå=çÄàÉÅíáîÉ=äÉåëK

`êóëí~ä=îáçäÉí=~åÇ=dê~ãÛë=áçÇáåÉ=ëçäìíáçå=~êÉ=~î~áä~ÄäÉ=Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

SAFETY NOTE

In all microbiological practical work, correct aseptic
technique must be used.  You should also adhere to Codes
of Practice produced by Education Authorities, or by
Governing Bodies of schools or colleges

There are a number of practical protocols for microbiology and biotechnology, available as pdf files from
the National Centre for Biotechnology Education (NCBE) website:

www.reading.ac.uk/NCBE
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❑ mêÉé~ê~íáçå=~åÇ=ëíÉêáäáë~íáçå=çÑ=ãÉÇá~I=~Ö~ê=éä~íÉ=éçìêáåÖ=~åÇ=áåçÅìä~íáçå=ìëáåÖ
ëíÉêáäÉ=ïáêÉ=äççéëI=éáéÉííÉë=~åÇ=ëéêÉ~ÇÉêë

jáÅêçÄáçäçÖáÅ~ä=ãÉÇá~=~êÉ=~î~áä~ÄäÉ=áå=~=î~êáÉíó=çÑ=ÑçêãëI=áåÅäìÇáåÖ=êÉ~Çó=íç=ìëÉ=ëäçéÉëI
NR=ÅãP=çê=NMM=ÅãP= äçíë= áå=ëÅêÉï=Å~ééÉÇ=ÄçííäÉëI=çê=~ë=Çêó=éçïÇÉêëK= =jÉÇá~=ïÜáÅÜ=~êÉ
ìëÉÑìä= Ñçê=ÖÉåÉê~ä=ãáÅêçÄáçäçÖáÅ~ä=ïçêâ= áåÅäìÇÉ= ÅÜáå~=ÄäìÉ= ä~ÅíçëÉ= ~Ö~êI=ã~äí= Éñíê~Åí
~Ö~êI= åìíêáÉåí= ~Ö~êI= ~åÇ= éçí~íç= ÇÉñíêçëÉ= ~Ö~êK= = jáÅêçÄáçäçÖáÅ~ä= ãÉÇá~= ~êÉ= ~î~áä~ÄäÉ
Ñêçã=_ä~ÇÉë=_áçäçÖáÅ~ä=~åÇ=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

fÑ= ã~âáåÖ= ìé= ãÉÇá~= Ñêçã= Çêó= éçïÇÉêëI= Ñçääçï= íÜÉ= áåëíêìÅíáçåë= ~åÇ= ÇáëéÉåëÉ= áåíç
ëìáí~ÄäÉ=ëÅêÉïJÅ~ééÉÇ=ÄçííäÉëI=ëìÅÜ=~ë=ìåáîÉêë~ä=ÄçííäÉëK= =^ë=~=ÖìáÇÉI=NR=íç=OM=ÅãP=çÑ
ãÉÇáìã=áë=ëìÑÑáÅáÉåí=Ñçê=çåÉ=ëí~åÇ~êÇ=VM=ãã=Çá~ãÉíÉê=mÉíêá=ÇáëÜK==^ÑíÉê=ëíÉêáäáë~íáçå=áå
~å=~ìíçÅä~îÉI=~ääçï=íÜÉ=ãÉÇá~=íç=Åççä=íç=~Äçìí=RM=°`=ÄÉÑçêÉ=éçìêáåÖ=áåíç=ëíÉêáäÉ=mÉíêá
ÇáëÜÉëI=ÑçääçïáåÖ=ëí~åÇ~êÇ=~ëÉéíáÅ=íÉÅÜåáèìÉK==oÉ~Çó=íç=ìëÉ=ãÉÇá~=ëÜçìäÇ=ÄÉ=ãÉäíÉÇ=áå
~=ÄçáäáåÖ=ï~íÉê=Ä~íÜI=íÜÉå=~ääçïÉÇ=íç=Åççä=ÄÉÑçêÉ=éçìêáåÖK

`ìäíìêÉë= çÑ= ãáÅêççêÖ~åáëãëI= ïÜáÅÜ= ~êÉ= ëìáí~ÄäÉ= Ñçê= ìëÉ= áå= ëÅÜççäë= ~åÇ= ÅçääÉÖÉëI= ~êÉ
~î~áä~ÄäÉ=Ñêçã=_ä~ÇÉë=_áçäçÖáÅ~äI=íÜÉ=k~íáçå~ä=`ÉåíêÉ=Ñçê=_áçíÉÅÜåçäçÖó=bÇìÅ~íáçåI=~åÇ
mÜáäáé=e~êêáë=bÇìÅ~íáçåK

^ÑíÉê=áåçÅìä~íáçå=ïáíÜ=ëíÉêáäÉ=ïáêÉ=äççéëI=Öä~ëë=ëéêÉ~ÇÉêëI=çê=éáéÉííÉëI=íÜÉ=äáÇë=çÑ=mÉíêá
ÇáëÜÉë=ëÜçìäÇ=ÄÉ=ëÉÅìêÉÇ=ïáíÜ=~ÇÜÉëáîÉ=í~éÉ=ÄÉÑçêÉ=áåÅìÄ~íáçåI=Äìí=Çç=åçí=ëÉ~ä=~ää=íÜÉ
ï~ó=êçìåÇ=~ë=íÜáë=ÉåÅçìê~ÖÉë=~å~ÉêçÄáÅ=ÅçåÇáíáçåëK==^ää=ÅìäíìêÉë=ëÜçìäÇ=ÄÉ=~ìíçÅä~îÉÇ
ÄÉÑçêÉ=Çáëéçë~äI=éêÉÑÉê~Ääó=Äó=éä~ÅáåÖ=áå=~ìíçÅä~îÉ=Ä~ÖëK

❑ fåîÉëíáÖ~íáçå= çÑ= íÜÉ= ìëÉ=çÑ= ÇáÑÑÉêÉåí= Å~êÄçå= ~åÇ= åáíêçÖÉå= ëçìêÅÉë= Ñçê= ÖêçïíÜ
ìëáåÖ=ÅìäíìêÉë=çå=~Ö~ê=éä~íÉë=çê=áå=äáèìáÇ=ÅìäíìêÉ

pìÖÖÉëíáçåë=Ñçê=áåîÉëíáÖ~íáåÖ=íÜÉ=ÉÑÑÉÅí=çÑ=ÇáÑÑÉêÉåí=Å~êÄçå=ëçìêÅÉë=çå=íÜÉ=ÖêçïíÜ=çÑ
óÉ~ëí= ~êÉ= áåÅäìÇÉÇ= áå= jáÅêççêÖ~åáëãë= ~åÇ= ÄáçíÉÅÜåçäçÖóK= = låÉ= ãÉíÜçÇ= áåîçäîÉë
ÖêçïáåÖ= óÉ~ëí= áå= ãÉÇá~= Åçåí~áåáåÖ= ~= ê~åÖÉ= çÑ= ëìÖ~êëI= áåÅäìÇáåÖ= ÖäìÅçëÉI= ÑêìÅíçëÉI
Ö~ä~ÅíçëÉI= ëìÅêçëÉ= ~åÇ=ã~äíçëÉI= ~åÇ=ãÉ~ëìêáåÖ= íÜÉ= éêçÇìÅíáçå= çÑ= ~ÅáÇ= Äó= íÜÉ= óÉ~ëíK
qÜÉêÉ= ~êÉ= ~= åìãÄÉê= çÑ= ëìÖÖÉëíáçåë= Ñçê= éê~ÅíáÅ~ä= ïçêâ= çå= íÜáë= íçéáÅ= áå= mê~ÅíáÅ~ä
cÉêãÉåí~íáçåW=~=ÖìáÇÉ=Ñçê=ëÅÜççäë=~åÇ=ÅçääÉÖÉë=Ek`_bFK

❑ jÉ~ëìêÉãÉåí=çÑ=ÅìäíìêÉ=ÖêçïíÜ=íç=áåîÉëíáÖ~íÉ=íÜÉ=ÖêçïíÜ=çÑ=~=ãáÅêççêÖ~åáëã
áå=äáèìáÇ=ÅìäíìêÉ

cçê= íÜáë= áåîÉëíáÖ~íáçåI=~= ÑÉêãÉåíÉê=ÅçìäÇ=ÄÉ=ëÉí=ìé= Åçåí~áåáåÖ=~= ÅìäíìêÉ=çÑ=~= ëìáí~ÄäÉ
ãáÅêççêÖ~åáëãI= ë~ãéäÉë= êÉãçîÉÇ= ~í= êÉÖìä~ê= áåíÉêî~äë= ~åÇ= ÖêçïíÜ= ÇÉíÉêãáåÉÇ= Äó= ~å
~ééêçéêá~íÉ= ãÉíÜçÇI= ëìÅÜ= ~ë= îá~ÄäÉ= Åçìåíë= ìëáåÖ= éçìêJéä~íÉ= ÇáäìíáçåI= ÇáêÉÅí= ÅÉää
ÅçìåíáåÖ= ìëáåÖ= ~= Ü~ÉãçÅóíçãÉíÉêI= çê= çéíáÅ~ä= ãÉíÜçÇë= ìëáåÖ= ~= ÅçäçêáãÉíÉê= çê
ëéÉÅíêçéÜçíçãÉíÉêK==pìáí~ÄäÉ=çêÖ~åáëãë=Ñçê=íÜáë=áåîÉëíáÖ~íáçå=áåÅäìÇÉ=óÉ~ëíI=`ÜäçêÉää~I
~åÇ= sáÄêáç= å~íêáÉÖÉåëK= = aÉí~áäë= çÑ= ~= ãÉíÜçÇ= Ñçê= áåîÉëíáÖ~íáåÖ= íÜÉ= ÖêçïíÜ= ÅìêîÉ= çÑ
sáÄêáç= å~íêáÉÖÉåë= ~êÉ= áåÅäìÇÉÇ= áå= mê~ÅíáÅ~ä= cÉêãÉåí~íáçåW= ~= ÖìáÇÉ= Ñçê= ëÅÜççäë= ~åÇ
ÅçääÉÖÉë=Ek`_bFK
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❑ ^= ëíìÇó= çÑ= íÜÉ= çéíáã~ä= ÅçåÇáíáçåë= åÉÅÉëë~êó= Ñçê= óçÖÜìêí= éêçÇìÅíáçåI= çê= Ñçê
ÑÉêãÉåí~íáçå=Äó=óÉ~ëí=áå=ÄêÉïáåÖ=çê=ÇçìÖÜ=éêçÇìÅíáçå

páãéäÉ= ãÉíÜçÇëI= ëìÅÜ= ~ë= ÅÜ~åÖÉë= áå= îáëÅçëáíóI= çê= ÅÜ~åÖÉë= áå= éeI= ÅçìäÇ= ÄÉ= ìëÉÇ= íç
áåîÉëíáÖ~íÉ=óçÖÜìêí=éêçÇìÅíáçåK==qÜÉ=áåÑäìÉåÅÉ=çÑ=Ñ~Åíçêë=ëìÅÜ=~ë=íÉãéÉê~íìêÉ=~åÇ=íÜÉ
íóéÉ=çÑ=ãáäâ=ìëÉÇ=Å~å=ÄÉ=áåîÉëíáÖ~íÉÇ=ìëáåÖ=~=å~íìê~ä=óçÖÜìêí=ëí~êíÉê=ÅìäíìêÉK==^ÇÇ=NKM
ÅãP=çÑ=å~íìê~ä=óçÖìêí= íç=NMKM=ÅãP=çÑ=ãáäâ= áå=~=ÄçáäáåÖ=íìÄÉ=~åÇ=ÅçîÉê=ïáíÜ=ÅäáåÖ=ÑáäãK
fåÅìÄ~íÉ=áå=~=ï~íÉê=Ä~íÜ=~åÇ=çÄëÉêîÉ=íÜÉ=ÅÜ~åÖÉë=áå=îáëÅçëáíó=~åÇ=éeK

qç= áåîÉëíáÖ~íÉ= ÑÉêãÉåí~íáçå=Äó=óÉ~ëí= áå=ÄêÉïáåÖI= áí= áë= ëìÖÖÉëíÉÇ= íÜ~í= ëíìÇÉåíë= ÅçìäÇ
ÇÉîáëÉ=ÉñéÉêáãÉåíë=íç=Åçãé~êÉI=Ñçê=Éñ~ãéäÉI=íÜÉ=ÖêçïíÜ=çÑ=p~ÅÅÜ~êçãóÅÉë=ÅÉêÉîáëá~É
~åÇ=pK=Å~êäëÄÉêÖÉåëáë=ìëáåÖ=ÇáÑÑÉêÉåí=ëìÖ~êëI=ëìÅÜ=~ë=ÖäìÅçëÉI=ëìÅêçëÉ=~åÇ=ê~ÑÑáåçëÉK

qç= áåîÉëíáÖ~íÉ= Ñ~Åíçêë=~ÑÑÉÅíáåÖ=ÇçìÖÜ=éêçÇìÅíáçåI= ëíìÇÉåíë= ÅçìäÇ=ÇÉîáëÉ=ãÉíÜçÇë= íç
Åçãé~êÉ= íÜÉ= ÉÑÑÉÅíë= çÑ= Ñ~Åíçêë= ëìÅÜ= ~ë= ÇáÑÑÉêÉåí= ëíê~áåë= çÑ= óÉ~ëíI= íóéÉë= çÑ= ÑäçìêI
éêÉëÉåÅÉ=çÑ= �=~ãóä~ëÉI=~åÇ=~ëÅçêÄáÅ=~ÅáÇ=ÅçåÅÉåíê~íáçå=çå=íÜÉ=ê~íÉ=çÑ=êáëáåÖ=çÑ=ÇçìÖÜK
jáñ=N=Ö=çÑ=ÇêáÉÇ=óÉ~ëí=ïáíÜ=RM=ÅãP=çÑ=ï~íÉêI=íÜÉå=~ÇÇ=TR=Ö=çÑ=Ñäçìê=~åÇ=ãáñ=ïÉääK==mä~ÅÉ
íÜÉ= ÇçìÖÜ= áå= ~= NMM= ÅãP=ãÉ~ëìêáåÖ= ÅóäáåÇÉê= ~åÇ= êÉÅçêÇ= íÜÉ= îçäìãÉ= çÑ= íÜÉ= ÇçìÖÜ= ~í
ëìáí~ÄäÉ=áåíÉêî~äëK

mê~ÅíáÅ~ä= ÇÉí~áäë= ~åÇ= ëìÖÖÉëíáçåë= Ñçê= ÑìêíÜÉê= ïçêâ= ~êÉ= áåÅäìÇÉÇ= áå= mê~ÅíáÅ~ä
_áçíÉÅÜåçäçÖóW=~=ÖìáÇÉ= Ñçê= ëÅÜççäë= ~åÇ= ÅçääÉÖÉëI= ~åÇ=mê~ÅíáÅ~ä= cÉêãÉåí~íáçåW= ~=ÖìáÇÉ
Ñçê=ëÅÜççäë=~åÇ=ÅçääÉÖÉë=Ek`_bFK

pçãÉ=ëìÖÖÉëíáçåë=Ñçê=áåÇáîáÇì~ä=ëíìÇáÉë

• aç=ãáÅêççêÖ~åáëãë=Öêçï=Ñ~ëíÉê=ìëáåÖ=ãçåçë~ÅÅÜ~êáÇÉëI=ê~íÜÉê=íÜ~å
Çáë~ÅÅÜ~êáÇÉëI=~ë=~=Å~êÄçå=ëçìêÅÉ\

• açÉë=ÄêÉïÉêëÛ=óÉ~ëí=ÑÉêãÉåí=ÖäìÅçëÉ=ãçêÉ=ê~éáÇäó=íÜ~å=Ä~âÉêëÛ=óÉ~ëí\

• tÜ~í=áë=íÜÉ=çéíáãìã=íÉãéÉê~íìêÉ=Ñçê=óçÖÜìêí=éêçÇìÅíáçå\

SAFETY NOTE

Food made in a laboratory MUST
NOT be tasted
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léíáçå=_ cççÇ=ëÅáÉåÅÉ

mê~ÅíáÅ~äë= Ñçê= íÜáë= léíáçå= ~êÉ= ÇÉëÅêáÄÉÇ= áå= cççÇ= ~åÇ= eÉ~äíÜI= ~åÇ= oÉëéáê~íáçå= ~åÇ
`ççêÇáå~íáçåK= qÉ~ÅÜÉêë= E~åÇ= ëíìÇÉåíëF= ~êÉ= ~äëç= êÉÅçããÉåÇÉÇ= íç= êÉÑÉê= íç= mê~ÅíáÅ~ä
cÉêãÉåí~íáçåW=~=ÖìáÇÉ=Ñçê=ëÅÜççäë=~åÇ=ÅçääÉÖÉë=E=k`_bF=~åÇ=íÜÉ=pÅáÉåÅÉ=~åÇ=mä~åíë=Ñçê
pÅÜççäë= Ep^mpF=ïÉÄëáíÉ= EïïïJë~éëKéä~åíëÅáKÅ~ãK~ÅKìâF= Ñçê= ëìÖÖÉëíáçåë= ~åÇ=ÇÉí~áäë= çÑ
éê~ÅíáÅ~ä=~ÅíáîáíáÉëK

❑ aÉíÉêãáå~íáçå=çÑ=íÜÉ=Å~äçêáÑáÅ=î~äìÉë=çÑ=ëáãéäÉ=ÑççÇë=ìëáåÖ=~=Å~äçêáãÉíÉê

qÜÉ=ìëÉ=çÑ=ÜÉ~í=çÑ=ÅçãÄìëíáçå=~éé~ê~íìëI=çê=~=ÑççÇ=Å~äçêáãÉíÉêI= áë=êÉÅçããÉåÇÉÇ=Ñçê
íÜáë=éê~ÅíáÅ~äK==qÜÉ=ÜÉ~í=éêçÇìÅÉÇ=Äó=íÜÉ=ÄìêåáåÖ=ÑççÇ=Å~å=ÄÉ=Å~äÅìä~íÉÇ=Äó=~ëëìãáåÖ
íÜ~í= ~ää= íÜÉ= ÜÉ~í= áë= íê~åëÑÉêêÉÇ= íç= íÜÉ= ï~íÉê= ëìêêçìåÇáåÖ= íÜÉ= ÅçãÄìëíáçå= ÅÜ~ãÄÉêK
páåÅÉ=N=Å~äçêáÉ=áë=íÜÉ=ÜÉ~í=ÉåÉêÖó=êÉèìáêÉÇ=íç=ê~áëÉ=N=Ö=çÑ=ï~íÉê=Äó=N=°`I=íÜÉå=íÜÉ=ÜÉ~í
éêçÇìÅÉÇ= Äó= íÜÉ= ÑççÇ= Z=ã~ëë= çÑ=ï~íÉê= EÖF= ×= êáëÉ= áå= íÉãéÉê~íìêÉ= E°`FK= = `çåîÉêí= íÜáë
ÑáÖìêÉ=íç=àçìäÉë=ìëáåÖ=íÜÉ=êÉä~íáçåëÜáé=N=Å~äçêáÉ=Z=QKO=àçìäÉëK

❑ bëíáã~íáçå=çÑ=ëìÄÅìí~åÉçìë=Ñ~í=Äó=ëâáåÑçäÇ=ãÉ~ëìêÉãÉåíë

qÜÉ=ãÉíÜçÇ=Ñçê=Éëíáã~íáçå=çÑ=ëìÄÅìí~åÉçìë=Ñ~íI=ìëáåÖ=ëâáåÑçäÇ=Å~äáéÉêëI=áë=ÇÉëÅêáÄÉÇ=áå
cççÇ=~åÇ=eÉ~äíÜI=~åÇ=oÉëéáê~íáçå=~åÇ=`ççêÇáå~íáçåK==qÜáë=ãÉíÜçÇI=ÜçïÉîÉêI=ã~ó=ÖáîÉ
ìåêÉäá~ÄäÉ= êÉëìäíëK= = jçêÉ= ~ÅÅìê~íÉ= Ç~í~= êÉä~íáåÖ= íç= ÄçÇó= Åçãéçëáíáçå= ~êÉ= çÄí~áåÉÇ
ìëáåÖ=íÜÉ=íÉÅÜåáèìÉ=çÑ=ÄáçÉäÉÅíêáÅ=áãéÉÇ~åÅÉ=~å~äóëáë= E_f^FI=ïÜáÅÜ= áåîçäîÉë=é~ëëáåÖ=~
ëã~ää= ÉäÉÅíêáÅ= ÅìêêÉåí= íÜêçìÖÜ= íÜÉ= ÄçÇóK= = qÜÉ= áãéÉÇ~åÅÉ= íç= íÜÉ= Ñäçï= çÑ= íÜÉ= ÉäÉÅíêáÅ
ÅìêêÉåí=áë=êÉä~íÉÇ=ÇáêÉÅíäó=íç=íÜÉ=äÉîÉä=çÑ=ÄçÇó=Ñ~íK

❑ fåîÉëíáÖ~íáçåë=çÑ=íÜÉ=éÉêÅÉéíáçå=çÑ=ëïÉÉíåÉëë=áå=Çêáåâë=çê=ÑççÇë

^å= ÉñéÉêáãÉåí= íç= áåîÉëíáÖ~íÉ= íÜÉ= éÉêÅÉéíáçå= çÑ= ëïÉÉíåÉëë= áå= Çêáåâë= áë= ÇÉëÅêáÄÉÇ= áå
cççÇ= ~åÇ= eÉ~äíÜI= ~åÇ= oÉëéáê~íáçå= ~åÇ= `ççêÇáå~íáçåK= = qÜáë= ÉñéÉêáãÉåí= áåîçäîÉë= íÜÉ
ëìÄàÉÅíáîÉ= éÉêÅÉéíáçå= çÑ= ëïÉÉíåÉëë= áå= ~= ê~åÖÉ= çÑ= ëìÖ~ê= ëçäìíáçåëI= ëìÅÜ= ~ë= ëìÅêçëÉI
ä~ÅíçëÉI= ã~äíçëÉI= ÖäìÅçëÉ= ~åÇ= ÑêìÅíçëÉK= = fí= áë= ~äëç= ëìÖÖÉëíÉÇ= íÜ~í= ÚíÜêÉëÜçäÇ
ÅçåÅÉåíê~íáçåëÛ=~åÇ=êÉä~íáîÉ=ëïÉÉíåÉëë=çÑ=~êíáÑáÅá~ä=ëïÉÉíÉåÉêëI=ëìÅÜ=~ë=~ëé~êí~ãÉ=~åÇ
ë~ÅÅÜ~êáåI=ÅçìäÇ=ÄÉ=áåîÉëíáÖ~íÉÇK

SAFETY NOTE

If this activity takes place in a laboratory, ensure that the
benches have been thoroughly cleaned and that the sugars
are not contaminated.  Do not store the sugars with other

chemicals.

Use disposable plastic cups for the sugar solutions.
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❑ nì~åíáí~íáîÉ=Éëíáã~íáçå=çÑ=ëìÖ~êë=~åÇ=~ëÅçêÄáÅ=~ÅáÇ=áå=Ñêìáíë=~í=î~êáçìë=ëí~ÖÉë=çÑ
ëíçê~ÖÉ

jÉíÜçÇë=Ñçê=íÜÉ=Éëíáã~íáçå=çÑ=ëìÖ~ê=ÅçåíÉåí=~åÇ=~ëÅçêÄáÅ=~ÅáÇ=Eîáí~ãáå=`F=ÅçåíÉåí=çÑ
ÑççÇë= ~êÉ= ÇÉëÅêáÄÉÇ= áå= cççÇ= ~åÇ= eÉ~äíÜI= ~åÇ= oÉëéáê~íáçå= ~åÇ= `ççêÇáå~íáçåK
`çåÅÉåíê~íáçåë= çÑ= êÉÇìÅáåÖ= ëìÖ~êë= Å~å= ÄÉ= ÇÉíÉêãáåÉÇ= ëÉãáJèì~åíáí~íáîÉäó= ìëáåÖ
_ÉåÉÇáÅíÛë= êÉ~ÖÉåí= ~åÇ= ~= ê~åÖÉ= çÑ= ÖäìÅçëÉ= ëí~åÇ~êÇëK= =j~âÉ= ìé= ~= ê~åÖÉ= çÑ= ÖäìÅçëÉ
ëçäìíáçåë=EOKMI=NKMI=MKRI=MKNI=MKMRI=MKMO=~åÇ=MKMN=éÉê=ÅÉåíF=~åÇ=~ÇÇ=PKM=ÅãP=çÑ=É~ÅÜ=íç=RKM
ÅãP=çÑ=_ÉåÉÇáÅíÛë=êÉ~ÖÉåí=áå=ëÉé~ê~íÉI=ä~ÄÉääÉÇ=íÉëí=íìÄÉëK==eÉ~í=áå=~=ÄçáäáåÖ=ï~íÉê=Ä~íÜ
Ñçê= U= ãáåìíÉëI= íÜÉå= ÅççäK= = qÜÉ= ÅçåÅÉåíê~íáçå= çÑ= ÖäìÅçëÉ= Å~å= ÄÉ= ÇÉíÉêãáåÉÇ= ìëáåÖ
aá~ÄìêJqÉëí=RMMM=ëíêáéë=E~î~áä~ÄäÉ=Ñêçã=éÜ~êã~ÅáëíëFK= =qÜÉëÉ=ÖáîÉ=èì~åíáí~íáîÉ=î~äìÉë
Ñçê=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçåëI=çîÉê=íÜÉ=ê~åÖÉ=MKN= íç=R=éÉê=ÅÉåíI=çê=RKR= íç=OUM=ããçä=éÉê
ÇãPK

^ëÅçêÄáÅ= ~ÅáÇ= ÅçåÅÉåíê~íáçåë= ~êÉ= ÇÉíÉêãáåÉÇ= ìëáåÖ= íÜÉ= ëí~åÇ~êÇ=a`mfm= EéÜÉåçäJáåÇçJ
OWSJÇáÅÜäçêçéÜÉåçäF= ÇÉÅçäçìêáë~íáçå= ãÉíÜçÇK= = j~âÉ= ìé= ~= MKN= éÉê= ÅÉåí= ëçäìíáçå= çÑ
~ëÅçêÄáÅ=~ÅáÇ=~åÇ=~=MKN=éÉê=ÅÉåí=ëçäìíáçå=çÑ=a`mfmK==qê~åëÑÉê=Éñ~Åíäó=NKM=ÅãP=çÑ=íÜÉ=a`mfm
ëçäìíáçå=íç=~=íÉëí=íìÄÉK==cáää=~=NKM=ÅãP=ëóêáåÖÉI=ÑáííÉÇ=ïáíÜ=~=åÉÉÇäÉI=ïáíÜ=íÜÉ=ëí~åÇ~êÇ
MKN=éÉê=ÅÉåí=~ëÅçêÄáÅ=~ÅáÇ=ëçäìíáçåK= =hÉÉé=íÜÉ=ÉåÇ=çÑ=íÜÉ=åÉÉÇäÉ=ÄÉäçï=íÜÉ=ëìêÑ~ÅÉ=çÑ
íÜÉ=a`mfm=~åÇ=Å~êÉÑìääó=~ÇÇ=íÜÉ=~ëÅçêÄáÅ=~ÅáÇ=ëçäìíáçå=ìåíáä=íÜÉ=a`mfm=áë=ÇÉÅçäçìêáëÉÇK
aç= åçí= ëÜ~âÉ= íÜÉ=ãáñíìêÉI= Äìí= ëíáê= ÖÉåíäó= ìëáåÖ= íÜÉ= åÉÉÇäÉK= = oÉÅçêÇ= íÜÉ= îçäìãÉ= çÑ
~ëÅçêÄáÅ=~ÅáÇ=ëçäìíáçå=êÉèìáêÉÇ=íç=ÇÉÅçäçìêáëÉ=íÜÉ=a`mfmK

oÉéÉ~í=íÜÉ=éêçÅÉÇìêÉ=ïáíÜ=NKM=ÅãP=çÑ=ÑêÉëÜ=a`mfm=ëçäìíáçå=~åÇ=ìëÉ=íÜÉ=ëóêáåÖÉ=íç=~ÇÇ
Ñêìáí=àìáÅÉK==oÉÅçêÇ=íÜÉ=îçäìãÉ=çÑ=Ñêìáí=àìáÅÉ=êÉèìáêÉÇ=íç=ÇÉÅçäçìêáëÉ=íÜÉ=a`mfmK

❑ tÉáÖÜí=äçëë=áå=é~Åâ~ÖÉÇ=ÑççÇë

cçê=íÜáë=éê~ÅíáÅ~äI=ëíìÇÉåíë=áåîÉëíáÖ~íÉ=íÜÉ=ÉÑÑÉÅíë=çÑ=î~êáçìë=é~Åâ~ÖáåÖ=ã~íÉêá~äëI=ëìÅÜ
~ë=ÅäáåÖ=ÑáäãI=ms`=Ñáäãë=~åÇ=é~éÉêI=çå=ïÉáÖÜí=áå=î~êáçìë=Ñêìáíë=~åÇ=îÉÖÉí~ÄäÉëK==^ééäÉëI
ãìëÜêççãëI= ëã~ää= äÉííìÅÉë=~åÇ=Å~êêçíë=~êÉ= ëìáí~ÄäÉK= = qÜÉ=ãÉíÜçÇ= áë= áåÅäìÇÉÇ= áå=cççÇ
~åÇ=eÉ~äíÜK==qÜáë=éê~ÅíáÅ~ä=ÅçìäÇ=ÄÉ=ÅçãÄáåÉÇ=ïáíÜ=áåîÉëíáÖ~íáçåë=áåíç=çíÜÉê=ÅÜ~åÖÉë=áå
íÜÉ=ëíçêÉÇ=ã~íÉêá~äI=áåÅäìÇáåÖ=ÉåòóãÉ=~ÅíáîáíóI=íÉñíìêÉI=~åÇ=~ëÅçêÄáÅ=~ÅáÇ=ÅçåíÉåíK

CALCULATION

If the volume of standard ascorbic acid required to decolourise 1.0 cm3 of DCPIP solution is x
cm3 and the volume of fruit juice required to decolourise 1.0 cm3 of DCPIP is y cm3, then the
concentration of ascorbic acid in the fruit juice is x ÷ y mg per cm3.

1.0  mg per cm3 of ascorbic acid is equivalent to a concentration of 0.1 per cent.
To convert values from mg per cm3 to a percentage, multiply by 0.1.

There are a number of suggestions for practical activities with plant materials, such as fruits
and vegetables, including post-harvest changes and enzyme assays, on the
Science and Plants for Schools (SAPS) website:

www-saps.plantsci.cam.uk
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❑ qÜÉ=êÉë~òìêáå=íÉëíI=ãÉíÜóäÉåÉ=ÄäìÉ=íÉëí=~åÇ=íìêÄáÇáíó=íÉëí=áå=êÉä~íáçå=íç=ãáäâ=çÑ
ÇáÑÑÉêÉåí=~ÖÉë=~åÇ=íÜÉ=ÉÑÑÉÅíáîÉåÉëë=çÑ=é~ëíÉìêáë~íáçå=~åÇ=ëíÉêáäáë~íáçå

oÉë~òìêáå= áë= ~å= áåÇáÅ~íçêI=ïÜáÅÜ= ëÜçïë=ãÉí~ÄçäáÅ= ~Åíáîáíó=çÑ= Ä~ÅíÉêá~I= ÅÜ~åÖáåÖ= Ñêçã
ÄäìÉI= íÜêçìÖÜ= éáåâ= íç= ïÜáíÉ= ~åÇ= Å~å= ÄÉ= ìëÉÇ= íç= Åçãé~êÉ= íÜÉ= Ä~ÅíÉêá~ä= ÅçåíÉåí= çÑ
ÇáÑÑÉêÉåí=ãáäâ= ë~ãéäÉëK= = oÉë~òìêáå= í~ÄäÉíë= ~êÉ= ~î~áä~ÄäÉ= Ñêçã= mÜáäáé=e~êêáë= bÇìÅ~íáçåK
låÉ=í~ÄäÉí=áë=ÇáëëçäîÉÇ=áå=RM=ÅãP=çÑ=ÇáëíáääÉÇ=ï~íÉê=~åÇ=NKM=ÅãP=çÑ=íÜáë=ëçäìíáçå=áë=~ÇÇÉÇ
íç=NM=ÅãP=çÑ=íÜÉ=ãáäâ=ë~ãéäÉ=áå=~=ëíÉêáäÉ=Åçåí~áåÉêI=ëìÅÜ=~ë=~=ìåáîÉêë~ä=ÄçííäÉK==oÉéä~ÅÉ
íÜÉ= äáÇI= áåîÉêí= çåÅÉ= íç= ãáñ= íÜÉ= ÅçåíÉåíëI= íÜÉå= áåÅìÄ~íÉ= áå= ~= ï~íÉê= Ä~íÜ= ~í= PT= °`K
`Ü~åÖÉë=áå=íÜÉ=Åçäçìê=çÑ=íÜáë=ãáñíìêÉ=~êÉ=Åçãé~êÉÇ=ïáíÜ=~=Åçåíêçä=Åçåí~áåáåÖ=NM=ÅãP=çÑ
ÄçáäÉÇ=ãáäâ=éäìë=NKM=ÅãP=çÑ=êÉë~òìêáå=ëçäìíáçåK

qÜÉ=íìêÄáÇáíó=íÉëí=áë=ìëÉÇ=íç=ÅÜÉÅâ=íÜÉ=ÉÑÑáÅáÉåÅó=çÑ=ëíÉêáäáë~íáçå=áå=ãáäâK==tÉáÖÜ=çìí=Q=Ö
çÑ=~ããçåáìã=ëìäéÜ~íÉ=~åÇ=íê~åëÑÉê=íç=~=ÅçåáÅ~ä=Ñä~ëâK==^ÇÇ=OM=ÅãP=çÑ=íÜÉ=ãáäâ=ë~ãéäÉ
íç=ÄÉ=íÉëíÉÇ=~åÇ=ëÜ~âÉ=íÜÉ=Ñä~ëâ=Ñçê=~í=äÉ~ëí=çåÉ=ãáåìíÉ=ìåíáä=íÜÉ=~ããçåáìã=ëìäéÜ~íÉ
ÇáëëçäîÉëK==iÉ~îÉ=íÜÉ=Ñä~ëâ=íç=ëí~åÇ=Ñçê=R=ãáåìíÉëK==cáäíÉê=íÜÉ=ÅçåíÉåíë=çÑ=íÜÉ=Ñä~ëâ=áåíç=~
ãÉ~ëìêáåÖ=ÅóäáåÇÉêK==qê~åëÑÉê=R=ÅãP=çÑ=íÜÉ=Ñáäíê~íÉ=íç=~=íÉëí=íìÄÉ=~åÇ=ëí~åÇ=íÜÉ=íìÄÉ=áå=~
ÄçáäáåÖ=ï~íÉê=Ä~íÜK==iÉ~îÉ=Ñçê=R=ãáåìíÉëK==`ççä=íÜÉ=íìÄÉ=áå=~=ÄÉ~âÉê=çÑ=ÅçäÇ=ï~íÉê=Ñçê=~
ÑìêíÜÉê= R= ãáåìíÉëI= íÜÉå= Éñ~ãáåÉ= íÜÉ= ÅçåíÉåíë= çÑ= íÜÉ= íìÄÉ= Äó= éä~ÅáåÖ= áå= Ñêçåí= çÑ= ~
ÄÉåÅÜ=ä~ãéK==`çãé~êÉ=~=ëíÉêáäáëÉÇ=ãáäâ=ë~ãéäÉ=ïáíÜ=~=é~ëíÉìêáëÉÇ=ãáäâ=ë~ãéäÉK

For the methylene blue test, prepare a 5 per cent ethanal
(acetaldehyde) solution and add a few drops of phenolphthalein
indicator, followed by a dilute solution of sodium carbonate until the
mixture just turns pink.  Transfer 5 cm3 of milk into a test tube, add 1.0
cm3 of the ethanal solution, followed by 1.0 cm3 of 0.01 per cent
methylene blue solution.  Mix by shaking the tube gently, cover with
cling film, or aluminium foil, and stand the tube in a water bath at 40
°C.  Note the time taken for the methylene blue to become
decolourised.  Compare results using other samples of milk. ETHANAL
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The turbidity test

place 4 g of ammonium
sulphate and 20 cm3 of
milk into a conical flask;
shake until the ammonium
sulphate dissolves

leave for 5 minutes, 
then filter

transfer 5 cm3 of the filtrate
to a test tube, place in a 
boiling water bath for 5 mins;
cool, then examine
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❑ nì~åíáí~íáîÉ= áåîÉëíáÖ~íáçåë= çÑ= íÜÉ= ÅÜ~åÖÉë= áå= ÑççÇë= ÇìêáåÖ= íÜÉ= éêçÅÉëë= çÑ
ÑÉêãÉåí~íáçå

^=ëìÖÖÉëíÉÇ=~ééêç~ÅÜ=íç=íÜáë=éê~ÅíáÅ~ä=áë=áåÅäìÇÉÇ=áå=cççÇ=~åÇ=eÉ~äíÜ=~åÇ=oÉëéáê~íáçå
~åÇ=`ççêÇáå~íáçåK==qÜáë=áåîçäîÉë=ãÉ~ëìêÉãÉåí=çÑ=ÅÜ~åÖÉë=áå=ée=ÇìêáåÖ=íÜÉ=éêçÇìÅíáçå
çÑ=óçÖÜìêíK= =qê~åëÑÉê=NM=ÅãP=çÑ=req=ãáäâ=íç=~=ÄçáäáåÖ= íìÄÉ=~åÇ=~ÇÇ=N= ÅãP=çÑ=å~íìê~ä
óçÖÜìêí=~ë=~=ëí~êíÉê=ÅìäíìêÉK==oÉÅçêÇ=íÜÉ=ée=çÑ=íÜÉ=ãáñíìêÉI=íÜÉå=ÅçîÉê=íÜÉ=íìÄÉ=ïáíÜ
ÅäáåÖÑáäã= ~åÇ= áåÅìÄ~íÉ= áå= ~= ï~íÉê= Ä~íÜ= ~í= QP= °`K= = oÉÅçêÇ= ÅÜ~åÖÉë= áå= íÜÉ= ée= ~åÇ
~ééÉ~ê~åÅÉ=çÑ=íÜÉ=ÅçåíÉåíë=~í=ëìáí~ÄäÉ=áåíÉêî~äëI=ëìÅÜ=~ë=PM=ãáåìíÉëI=Ñçê=ìé=íç=R=ÜçìêëK
qÜáë= éê~ÅíáÅ~ä= ÅçìäÇ= ÄÉ= ~Ç~éíÉÇ= íç= êÉÅçêÇ= íÜÉ= êÉëìäíë= ïáíÜ= Ç~í~äçÖÖáåÖI= ìëáåÖ= ~= ée
ëÉåëçêK

pçãÉ=ëìÖÖÉëíáçåë=Ñçê=áåÇáîáÇì~ä=ëíìÇáÉë

• açÉë=ëìÄÅìí~åÉçìë=Ñ~í=äÉîÉä=áåÅêÉ~ëÉ=ïáíÜ=~ÖÉ\

• açÉë=ëíçêáåÖ=Ñêìáí=áå=~=êÉÑêáÖÉê~íçê=ÜÉäé=íç=êÉí~áå=~ëÅçêÄáÅ=~ÅáÇ=ÅçåíÉåí\

• açÉë=íÜÉ=ÅçåÅÉåíê~íáçå=çÑ=êÉÇìÅáåÖ=ëìÖ~êë=áåÅêÉ~ëÉ=ïáíÜ=íÜÉ=~ÖÉ=çÑ=~=Ñêìáí\

léíáçå=` eìã~å=ÜÉ~äíÜ=~åÇ=ÑáíåÉëë

mê~ÅíáÅ~äë=Ñçê=íÜáë=léíáçå=~êÉ=ÇÉëÅêáÄÉÇ=áå=oÉëéáê~íáçå=~åÇ=`ççêÇáå~íáçåK

❑ píìÇó=çÑ=éêÉé~êÉÇ=ëäáÇÉë=çÑ=Å~êÇá~Å=íáëëìÉI=äìåÖ=íáëëìÉ=~åÇ=ëíêá~íÉÇ=ãìëÅäÉ=íáëëìÉ

qÜÉ=~áã=çÑ=íÜáë=éê~ÅíáÅ~ä=áë=íç=Ñ~ãáäá~êáëÉ=ëíìÇÉåíë=ïáíÜ=íÜÉ=ÜáëíçäçÖó=çÑ=Å~êÇá~Å=íáëëìÉI
äìåÖ=íáëëìÉ=~åÇ=ãìëÅäÉ=íáëëìÉ=~åÇ=íç=ÅçåëáÇÉê=íÜÉ=êÉä~íáçåëÜáéë=ÄÉíïÉÉå=ëíêìÅíìêÉ=~åÇ
ÑìåÅíáçåK= = píìÇÉåíë= ëÜçìäÇ= ÄÉ= ÉåÅçìê~ÖÉÇ= íç= ã~âÉ= ~ååçí~íÉÇ= Çê~ïáåÖë= çÑ= íÜÉ
éêÉé~ê~íáçåëI= ëÜçïáåÖ= íÜÉ= ã~áå= ÜáëíçäçÖáÅ~ä= ÑÉ~íìêÉëK= = qÜÉ= ìëÉ= çÑ= éä~ëíáÅ= êÉëáå
ÉãÄÉÇÇÉÇ=ëÉÅíáçåë=çÑ=äìåÖ=íáëëìÉ=áë=êÉÅçããÉåÇÉÇ=~ë=íÜÉëÉ=ÖáîÉ=ÄÉííÉê=êÉëçäìíáçå=~åÇ
ëÜçï=ãçêÉ=ëíêìÅíìê~ä=ÇÉí~áä=íÜ~å=ÅçåîÉåíáçå~ä=R=�µ=ëÉÅíáçåëK

pìáí~ÄäÉ=éêÉé~êÉÇ=ãáÅêçëÅçéÉ=ëäáÇÉë=~êÉ=~î~áä~ÄäÉ=Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

SAFETY NOTE

Food made in a laboratory MUST
NOT be tasted

Further suggestions for practicals involving fermentation are available as pdf files from the National
Centre for Biotechnology Education (NCBE) website:

www.reading.ac.uk/NCBE
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❏ qÜÉ=ÉÑÑÉÅí=çÑ=^qm=çå=íÜÉ=Åçåíê~Åíáçå=çÑ=ãìëÅäÉ=ÑáÄêÉë

oÉãçîÉ=íÜáå=ëíê~åÇë=çÑ=ãìëÅäÉ=ÑáÄêÉëI=ìëáåÖ=Ääìåí=ÑçêÅÉéëI=Ñêçã=ÑêÉëÜ=äÉ~å=éçêâ=çê=ëÜáå
ÄÉÉÑK= = mä~ÅÉ= íÜÉ= ëíê~åÇë= áå= ï~êã= oáåÖÉêÛë= ëçäìíáçå= EÇáëëçäîÉ= çåÉ= èì~êíÉê= ëíêÉåÖíÜ
oáåÖÉêÛë=ëçäìíáçå=í~ÄäÉí=áå=NOR=ÅãP=çÑ=ï~êã=ÇáëíáääÉÇ=ï~íÉêFK= =mä~ÅÉ=çåÉ=ãìëÅäÉ=ëíê~åÇ
çå=~=ãáÅêçëÅçéÉ=~åÇ=Å~êÉÑìääó=ëíê~áÖÜíÉå=ïáíÜ=~=Öä~ëë=êçÇK==_äçí=çÑÑ=íÜÉ=ÉñÅÉëë=oáåÖÉêÛë
ëçäìíáçåI= ãÉ~ëìêÉ= íÜÉ= äÉåÖíÜ= çÑ= íÜÉ= ãìëÅäÉ= íÜÉå= ~ÇÇ= çåÉ= Çêçé= çÑ= ^qm= ëçäìíáçåK
jÉ~ëìêÉ=íÜÉ=äÉåÖíÜ=~Ö~áåK

oáåÖÉêÛë= ëçäìíáçå= í~ÄäÉíë= ~åÇ=^qm= ëçäìíáçå= EOM=ãÖ= éÉê= ÅãPF= ~êÉ= ~î~áä~ÄäÉ= Ñêçã= mÜáäáé
e~êêáë=bÇìÅ~íáçåK

❏ qÜÉ=ÉÑÑÉÅíë=çÑ=éÜóëáÅ~ä=~Åíáîáíó=çå=éìäëÉ=ê~íÉ=~åÇ=ÄäççÇ=éêÉëëìêÉ

^= åìãÄÉê= çÑ= ÇáÖáí~ä= éìäëÉ= ãçåáíçêë= ~åÇ= ëéÜóÖãçã~åçãÉíÉêë= ~êÉ= ~î~áä~ÄäÉI= ïÜáÅÜ
ã~âÉ=íÜÉëÉ=áåîÉëíáÖ~íáçåë=ëíê~áÖÜíÑçêï~êÇ=íç=Å~êêó=çìíK==fí=áë=áãéçêí~åí=íç=ëí~åÇ~êÇáëÉ
íÜÉ= ~ÅíáîáíóI= Ñçê= Éñ~ãéäÉI= Äó= ìëáåÖ= ~å= ÉñÉêÅáëÉ= ÅóÅäÉ= çê= ÄáÅóÅäÉ= ÉêÖçãÉíÉêK= = ^ë= ~å
~äíÉêå~íáîÉI=ëíÉéJìéë=~í=~=ÑáñÉÇ=ê~íÉ=Å~å=ÄÉ=ìëÉÇ=~ë=~=ãÉíÜçÇ=Ñçê=ëí~åÇ~êÇáëáåÖ=~ÅíáîáíóK

❏ rëÉ= çÑ= ëáãéäÉ= ~éé~ê~íìë= íç= Éëíáã~íÉ= îáí~ä= Å~é~Åáíó= ~åÇ= î~êá~íáçå= áå= ÄêÉ~íÜáåÖ
ïáíÜ=éÜóëáÅ~ä=~Åíáîáíó

píìÇÉåíë=ëÜçìäÇ=ÄÉ=Ñ~ãáäá~ê=ïáíÜ=íÜÉ=éêáåÅáéäÉ=çÑ=~=ëéáêçãÉíÉê=~åÇ=ÄÉ=~ÄäÉ=íç=áåíÉêéêÉí
ëéáêçãÉíÉê=Ç~í~K= =p~íáëÑ~Åíçêó=Ç~í~=Å~å=ÄÉ=çÄí~áåÉÇ=ìëáåÖI= Ñçê=Éñ~ãéäÉI= äìåÖ=îçäìãÉ
Ä~ÖëI= çê= éçÅâÉí= ëéáêçãÉíÉêëK= = ^ë=ïáíÜ= íÜÉ= éêÉîáçìë= áåîÉëíáÖ~íáçåI= áí= áë= áãéçêí~åí= íç
ëí~åÇ~êÇáëÉ= íÜÉ= ~Åíáîáíó= áÑ= ãÉ~åáåÖÑìäI= èì~åíáí~íáîÉI= êÉä~íáçåëÜáéë= ~êÉ= íç= ÄÉ
ÇÉíÉêãáåÉÇK

❏ fåîÉëíáÖ~íáçå=çÑ=íÜÉ=ÉÑÑÉÅí=çÑ=~=íê~áåáåÖ=éêçÖê~ããÉ

qÜáë= áë=~= êÉä~íáîÉäó= äçåÖJíÉêã= áåîÉëíáÖ~íáçå=~åÇ= ëÜçìäÇ=ÄÉ=ëéêÉ~Ç=çîÉê=~=ãáåáãìã=çÑ
íïç=ïÉÉâëK==fí=áë=ëìÖÖÉëíÉÇ=íÜ~í=ëíìÇÉåíë=àçÖ=ïáíÜ=~=é~êíåÉê=ëç=íÜ~í=~=ÅçåîÉêë~íáçå=Å~å
ÄÉ= ÜÉäÇ= ÇìêáåÖ= íÜÉ= ÉñÉêÅáëÉI= íç= ~îçáÇ= ÄêÉ~íÜäÉëëåÉëë= ~åÇ= ëíêÉëë= íÜÉ= ~ÉêçÄáÅ= ÉåÉêÖó
ëóëíÉãëK= =qÜÉ= êÉëíáåÖ=ÄêÉ~íÜáåÖ=~åÇ=éìäëÉ= ê~íÉë=~êÉ= êÉÅçêÇÉÇK= =^ÑíÉê=~å= áåáíá~ä= àçÖ=çÑ
NSMM=ãI=~áãáåÖ=íç=ÑáåáëÜ=áå=íÉå=ãáåìíÉëI=íÜÉ=éìäëÉ=ê~íÉ=áë=ÇÉíÉêãáåÉÇI=íÜÉå=~Ö~áå=~ÑíÉê

Determining the pulse rate
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~=êÉëí=çÑ=N=ãáåìíÉK==qÜÉëÉ=ãÉ~ëìêÉãÉåíë=~êÉ=í~âÉå=Ñçê=~=ÑìêíÜÉê=íÜêÉÉ=ëÉëëáçåëI=ëéêÉ~Ç
çîÉê=~=ãáåáãìã=çÑ=íïç=ïÉÉâëI=~ë=áå=íÜÉ=í~ÄäÉ=ÄÉäçïK

^ééêçñáã~íÉ=äÉåÖíÜ=çÑ=êìå=L
ã

qáãÉ=íç=~áã=Ñçê=L
ãáå

NSMM NM
OQMM NR
POMM OM
NSMM NM

bñ~ãéäÉë=çÑ=íê~áåáåÖ=éêçÖê~ããÉë=~êÉ=áåÅäìÇÉÇ=áåW=mÜóëáÅ~ä=bÇìÅ~íáçå=~åÇ=íÜÉ=píìÇó=çÑ
péçêíI=PêÇ=ÉÇáíáçåI=_=a~îáëI=o=_ìääI=g=oçëÅçÉ=~åÇ=a=oçëÅçÉI=jçëÄóI=fp_k=M=TOPQ=OSQOOK

❑ bëíáã~íáçå=çÑ=éÉêÅÉåí~ÖÉ=ÄçÇó=Ñ~í=Äó=ëâáåÑçäÇ=ãÉ~ëìêÉãÉåíë

qÜÉ=ãÉíÜçÇ=Ñçê=Éëíáã~íáçå=çÑ=ëìÄÅìí~åÉçìë=Ñ~íI=ìëáåÖ=ëâáåÑçäÇ=Å~äáéÉêëI=áë=ÇÉëÅêáÄÉÇ=áå
cççÇ=~åÇ=eÉ~äíÜI=~åÇ=oÉëéáê~íáçå=~åÇ=`ççêÇáå~íáçåK==qÜáë=ãÉíÜçÇI=ÜçïÉîÉêI=ã~ó=ÖáîÉ
ìåêÉäá~ÄäÉ= êÉëìäíëK= = jçêÉ= ~ÅÅìê~íÉ= Ç~í~= êÉä~íáåÖ= íç= ÄçÇó= Åçãéçëáíáçå= ~êÉ= çÄí~áåÉÇ
ìëáåÖ=íÜÉ=íÉÅÜåáèìÉ=çÑ=ÄáçÉäÉÅíêáÅ=áãéÉÇ~åÅÉ=~å~äóëáë= E_f^FI=ïÜáÅÜ= áåîçäîÉë=é~ëëáåÖ=~
ëã~ää= ÉäÉÅíêáÅ= ÅìêêÉåí= íÜêçìÖÜ= íÜÉ= ÄçÇóK= = qÜÉ= áãéÉÇ~åÅÉ= íç= íÜÉ= Ñäçï= çÑ= íÜÉ= ÉäÉÅíêáÅ
ÅìêêÉåí=áë=êÉä~íÉÇ=ÇáêÉÅíäó=íç=íÜÉ=äÉîÉä=çÑ=ÄçÇó=Ñ~íK

pçãÉ=ëìÖÖÉëíáçåë=Ñçê=áåÇáîáÇì~ä=ëíìÇáÉë

• `~å=~ÉêçÄáÅ=íê~áåáåÖ=áåÅêÉ~ëÉ=îáí~ä=Å~é~Åáíó\

• eçï=ÇçÉë=~å~ÉêçÄáÅ=ÅçåÇáíáçåáåÖ=~ÑÑÉÅí=ãìëÅäÉ=ëíêÉåÖíÜ\

• açÉë=êÉëíáåÖ=éìäëÉ=ê~íÉ=ÇÉÅêÉ~ëÉ=ïáíÜ=áåÅêÉ~ëÉÇ=éÜóëáÅ~ä=íê~áåáåÖ\

• tÜ~í=áë=íÜÉ=êÉä~íáçåëÜáé=ÄÉíïÉÉå=ÄçÇó=Ñ~í=ÅçåíÉåí=~åÇ=ÄçÇó=ã~ëë=áåÇÉñ\
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råáí=R_ dÉåÉíáÅëI=Éîçäìíáçå=~åÇ=ÄáçÇáîÉêëáíó

mê~ÅíáÅ~ä=ïçêâ=áå=íÜáë=råáí=áåÅäìÇÉëW

❏ `Üêçã~íçÖê~éÜó=çÑ=ÅÜäçêçéä~ëí=éáÖãÉåíë

❏ bÑÑÉÅí=çÑ=äáÖÜí=áåíÉåëáíó=~åÇ=Å~êÄçå=ÇáçñáÇÉ=ÅçåÅÉåíê~íáçå=çå=íÜÉ=ê~íÉ=çÑ
éÜçíçëóåíÜÉëáë

❏ fåîÉëíáÖ~íáçå=çÑ=éä~åí=ÖêçïíÜ=Äó=ï~íÉê=ÅìäíìêÉ=ÉñéÉêáãÉåíë

❏ bÑÑÉÅíë=çÑ=ÜçêãçåÉë=çå=éä~åí=ÖêçïíÜ

❏ aáëíêáÄìíáçå=çÑ=éä~åíë=~åÇ=~åáã~äë=~åÇ=ÉÑÑÉÅíë=çÑ=~ÄáçíáÅ=Ñ~Åíçêë

❏ bëíáã~íáçå=çÑ=éçéìä~íáçå=ëáòÉ=ìëáåÖ=íÜÉ=iáåÅçäå=áåÇÉñ

❏ ^=ÄêÉÉÇáåÖ=ÉñéÉêáãÉåí=íç=ÇÉãçåëíê~íÉ=íÜÉ=éêáåÅáéäÉë=çÑ=áåÜÉêáí~åÅÉ

aÉí~áäë= çÑ= éê~ÅíáÅ~ä= ~ÅíáîáíáÉë= áå= íÜáë= råáí= ~êÉ= áåÅäìÇÉÇ= áå= dÉåÉíáÅëI= bîçäìíáçå= ~åÇ
_áçÇáîÉêëáíóI= ~åÇ= qççäëI= qÉÅÜåáèìÉë= ~åÇ= ^ëëÉëëãÉåí= áå= _áçäçÖóW= ~= ÅçìêëÉ= ÖìáÇÉ= Ñçê
ëíìÇÉåíë=~åÇ=íÉ~ÅÜÉêëK

❏ `Üêçã~íçÖê~éÜó=çÑ=ÅÜäçêçéä~ëí=éáÖãÉåíë

páäáÅ~=ÖÉä=Åç~íÉÇ=ÅÜêçã~íçÖê~éÜó=éä~íÉë=~êÉ=~î~áä~ÄäÉ=Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

A method for extraction and chromatographic separation of chloroplast
pigments is included in The Organism and the Environment, and Genetics,
Evolution and Biodiversity.  The use of thin layer chromatography plates,
coated with silica gel, gives much better separation than conventional
chromatography paper.  Particular care is needed in this practical because
of the volatile and highly flammable nature of the solvents used.

Methods for chromatography of plant pigments are available on the Science and Plants for Schools
(SAPS) website:

www-plantsci.cam.ac.uk
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❏ bÑÑÉÅí= çÑ= äáÖÜí= áåíÉåëáíó= ~åÇ= Å~êÄçå= ÇáçñáÇÉ= ÅçåÅÉåíê~íáçå= çå= íÜÉ= ê~íÉ= çÑ
éÜçíçëóåíÜÉëáë

qÜÉ= ìëÉ= çÑ= ~= ëáãéäÉ= éÜçíçëóåíÜçãÉíÉê= áë= ÇÉëÅêáÄÉÇ= áå= qÜÉ= lêÖ~åáëã= ~åÇ= íÜÉ
båîáêçåãÉåíI=~åÇ=dÉåÉíáÅëI=bîçäìíáçå=~åÇ=_áçÇáîÉêëáíóK= =mÜçíçëóåíÜÉíáÅ=~Åíáîáíó=ÅçìäÇ
ÄÉ= áåîÉëíáÖ~íÉÇ= ìëáåÖ= Ç~í~äçÖÖáåÖI= ïáíÜ= ~å= çñóÖÉå= ÉäÉÅíêçÇÉ= ~åÇ= çñóÖÉå= ëÉåëçêK
bäçÇÉ~= áë=ìëì~ääó=~î~áä~ÄäÉ= Ñêçã=éÉí= ëÜçéë=~åÇ=~èì~êáìã=~åÇ=éçåÇ= ëìééäáÉêëK= =^ë=~å
~äíÉêå~íáîÉ= íç= bäçÇÉ~I= i~Ö~êçëáéÜçå= áë= êÉÅçããÉåÇÉÇ= Ñçê= ìëÉ= áå= Ç~í~äçÖÖáåÖ
ÉñéÉêáãÉåíëK

❏ fåîÉëíáÖ~íáçå=çÑ=éä~åí=ÖêçïíÜ=Äó=ï~íÉê=ÅìäíìêÉ=ÉñéÉêáãÉåíë

qÜÉ= ~áã= çÑ= íÜáë= éê~ÅíáÅ~ä= áë= íç= áåîÉëíáÖ~íÉ= íÜÉ= ÉÑÑÉÅíë= çÑ= ãáåÉê~ä= ÇÉÑáÅáÉåÅó= çå= íÜÉ
ÖêçïíÜ= çÑ= éä~åíëK= = pÉÉÇäáåÖë= ~êÉ= Öêçïå= áå= ëçäìíáçåë= Åçåí~áåáåÖ= ~= ê~åÖÉ= çÑ= ãáåÉê~ä
ë~äíëI= áåÅäìÇáåÖ= íÜçëÉ=ïÜáÅÜ= ä~Åâ=éÜçëéÜ~íÉI=åáíê~íÉI= Å~äÅáìãI=éçí~ëëáìãI=ã~ÖåÉëáìãI
áêçåI=~åÇ=ëìäéÜ~íÉI=éäìë=íÜÉ=ÅçãéäÉíÉ=ãÉÇáìãK

pìáí~ÄäÉ=ëÉÉÇäáåÖëI=ïÜáÅÜ=Å~å=ÄÉ=ìëÉÇ=Ñçê=íÜáë=áåîÉëíáÖ~íáçåI=áåÅäìÇÉ=ã~áòÉ=EwÉ~=ã~óëFI
Å~ëíçê= ÄÉ~åë= EoáÅáåìë= ÅçããìåáëFI= íçã~íç= EióÅçéÉêëáÅçå= ÉëÅìäÉåíìãF= ~åÇ= Å~ÄÄ~ÖÉ
E_ê~ëëáÅ~= çäÉê~ÅÉ~FK= = pÉÉÇë= ~êÉ= ÖÉêãáå~íÉÇ= áå= ãçáëí= îÉêãáÅìäáíÉI= íÜÉå= íê~åëÑÉêêÉÇ
ëÉé~ê~íÉäó=íç=íÜÉ=åìíêáÉåí=ëçäìíáçåëK=^í=ïÉÉâäó=áåíÉêî~äëI=íÜÉ=éä~åíë=~êÉ=ãÉ~ëìêÉÇ=~åÇ
~åó=ÇÉÑáÅáÉåÅó=ëóãéíçãë=åçíÉÇK

pìáí~ÄäÉ= ä~Äçê~íçêó= Öê~ÇÉ= ëÉÉÇë= ~åÇ= ãáåÉê~ä= ÇÉÑáÅáÉåÅó= ï~íÉê= ÅìäíìêÉ= ãÉÇá~= ~êÉ
~î~áä~ÄäÉ=Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

❏ bÑÑÉÅíë=çÑ=ÜçêãçåÉë=çå=éä~åí=ÖêçïíÜ

pìÖÖÉëíáçåë= Ñçê= áåîÉëíáÖ~íáåÖ= íÜÉ= ÉÑÑÉÅí= çÑ= ëÉäÉÅíáîÉ= ÜÉêÄáÅáÇÉë= ~êÉ= áåÅäìÇÉÇ= áå
dÉåÉíáÅëI=bîçäìíáçå=~åÇ=_áçÇáîÉêëáíóI=~åÇ=áåîÉëíáÖ~íáçåë=çå=íÜÉ=ìëÉ=çÑ=ÜçêãçåÉë=áå=íÜÉ
éêçãçíáçå=çÑ=êççíáåÖ=áå=ÅìííáåÖë=~êÉ=ÇÉëÅêáÄÉÇ=áå=^ééäáÉÇ=mä~åí=~åÇ=^åáã~ä=_áçäçÖóK=^
éä~åí=ÜçêãçåÉë=ëÉíI=áåÅäìÇáåÖ=íÉ~ÅÜáåÖ=åçíÉëI=áë=~î~áä~ÄäÉ=Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

SAFETY

When using the herbicide spray:

Keep off skin
Do not breathe the spray
Wash off any splashes

Wash hands and
exposed skin after use
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❏ aáëíêáÄìíáçå=çÑ=éä~åíë=~åÇ=~åáã~äë=~åÇ=ÉÑÑÉÅíë=çÑ=~ÄáçíáÅ=Ñ~Åíçêë

cáÉäÇïçêâ= íÉÅÜåáèìÉëI= áåÅäìÇáåÖ= ë~ãéäáåÖ= ãÉíÜçÇë= ~åÇ= ÇÉí~áäë= çÑ= ÉåîáêçåãÉåí~ä
ãÉ~ëìêÉãÉåíëI=~êÉ=áåÅäìÇÉÇ=áå=qççäëI=qÉÅÜåáèìÉë=~åÇ=^ëëÉëëãÉåí=áå=_áçäçÖóW=~=ÅçìêëÉ
ÖìáÇÉ= Ñçê= ëíìÇÉåíë=~åÇ= íÉ~ÅÜÉêëK= = píìÇÉåíë=~êÉ=ÉñéÉÅíÉÇ= íç= ëíìÇó= íÜÉ=ÇáëíêáÄìíáçå=çÑ
éä~åíë=~åÇ=~åáã~äë= áå=~í= äÉ~ëí=çåÉ=Ü~Äáí~í=~åÇ=íç= áåîÉëíáÖ~íÉ= íÜÉ= áåÑäìÉåÅÉ=çÑ=~ÄáçíáÅ
Ñ~ÅíçêëK= = qÜÉ= å~íìêÉ= çÑ= íÜÉ= áåîÉëíáÖ~íáçåë= ïáääI= çÑ= ÅçìêëÉI= ÇÉéÉåÇ= çå= íÜÉ= íóéÉë= çÑ
Ü~Äáí~íë= ~î~áä~ÄäÉ= íç= ëíìÇóI= Äìí= áí= áë= áãéçêí~åí= íç= ÉãéÜ~ëáëÉ= íÜ~í= ïçêíÜïÜáäÉ
áåîÉëíáÖ~íáçåë=Å~å=ÄÉ=Å~êêáÉÇ=çìí=ïáíÜ=êÉä~íáîÉäó=äáãáíÉÇ=ÉèìáéãÉåí=~åÇ=Ñ~ÅáäáíáÉëI=ëìÅÜ
~ë=~=èì~Çê~í=~åÇ=~ÅÅÉëë=íç=~=Ö~êÇÉåI=é~êâI=çê=ëÅÜççä=ÑáÉäÇK

❏ bëíáã~íáçå=çÑ=éçéìä~íáçå=ëáòÉ=ìëáåÖ=íÜÉ=iáåÅçäå=áåÇÉñ

aÉí~áäë=çÑ=íÜáë=ãÉíÜçÇI=~åÇ=ëìÖÖÉëíáçåë=Ñçê=áíë=ìëÉ=áå=ÑáÉäÇïçêâI=~êÉ=áåÅäìÇÉÇ=áå=qççäëI
qÉÅÜåáèìÉë=~åÇ=^ëëÉëëãÉåí=áå=_áçäçÖóW=~=ÅçìêëÉ=ÖìáÇÉ=Ñçê=ëíìÇÉåíë=~åÇ=íÉ~ÅÜÉêëK==fí=áë
~äëç=ëìÖÖÉëíÉÇ= íÜ~í=~= ä~Äçê~íçêó=ãçÇÉä=Å~å=ÄÉ=ìëÉÇ= íç= áääìëíê~íÉ= íÜÉ=éêáåÅáéäÉ=çÑ= íÜÉ
Å~éíìêÉJã~êâJêÉÅ~éíìêÉ=ãÉíÜçÇ=~åÇ=ìëÉ=çÑ= íÜÉ= iáåÅçäå= áåÇÉñ= íç= Éëíáã~íÉ=éçéìä~íáçå
ëáòÉK==i~êî~É=çÑ=íÜÉ=ÄÉÉíäÉ=qÉåÉÄêáç=ãçäáíçêI=âåçïå=~ë=ãÉ~äïçêãëI=~êÉ=êÉÅçããÉåÇÉÇK
jÉ~äïçêãë= ~êÉ= ìëì~ääó= ~î~áä~ÄäÉ= Ñêçã= éÉí= ëÜçéëI= çê= ã~ó= ÄÉ= çÄí~áåÉÇ= Ñêçã= _ä~ÇÉë
_áçäçÖáÅ~ä= çê= mÜáäáé= e~êêáë= bÇìÅ~íáçåK= = ^= ë~ãéäÉ= çÑ=ãÉ~äïçêãë= áë= êÉãçîÉÇ= Ñêçã= íÜÉ
éçéìä~íáçåI= ÅçìåíÉÇI= ~åÇ= ã~êâÉÇ=ïáíÜ= ~= ëã~ää= Ççí= ìëáåÖ= ~= éÉêã~åÉåí= ã~êâÉê= éÉåK
qÜÉëÉ=ä~êî~É=~êÉ=êÉíìêåÉÇ=íç=íÜÉ=ÅìäíìêÉ=~åÇ=äÉÑí=Ñçê=~=ëí~åÇ~êÇ=íáãÉ=íç=ãáñK==^=ëÉÅçåÇ
ë~ãéäÉ= áë= íÜÉå= êÉãçîÉÇI= íÜÉ=åìãÄÉê=çÑ= ä~êî~É=éêÉëÉåí= áå=íÜÉ=ë~ãéäÉ= áë= ÅçìåíÉÇ=~åÇ
íÜÉ=åìãÄÉê=çÑ=íÜÉëÉI=ïÜáÅÜ=~êÉ=ã~êâÉÇI=áë=~äëç=åçíÉÇK

CALCULATION

The formula for the Lincoln index is given below.

 N =

Where N = the estimated total population size
S1 = the number of organisms marked and released
S2 = the number of organisms captured in the second sample
R = the number of marked organisms re-captured

S1 × S2
     R
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❏ ^=ÄêÉÉÇáåÖ=ÉñéÉêáãÉåí=íç=ÇÉãçåëíê~íÉ=íÜÉ=éêáåÅáéäÉë=çÑ=áåÜÉêáí~åÅÉ

^= ÄêÉÉÇáåÖ= ÉñéÉêáãÉåí= ìëáåÖ= qêáÄçäáìã= Å~ëí~åÉìã= áë= ÇÉëÅêáÄÉÇ= áå= `Éää= _áçäçÖó= ~åÇ
dÉåÉíáÅëI= ~åÇ= dÉåÉíáÅëI= bîçäìíáçå= ~åÇ= _áçÇáîÉêëáíóK= = líÜÉê= çêÖ~åáëãë= ïÜáÅÜ= ~êÉ
ëìáí~ÄäÉ= Ñçê= éê~ÅíáÅ~ä= áåîÉëíáÖ~íáçåë= áå= ÖÉåÉíáÅë= áåÅäìÇÉW=aêçëçéÜáä~= ~åÇ= ê~éáÇ= ÅóÅäáåÖ
Äê~ëëáÅ~ë= E_ê~ëëáÅ~= ê~é~FK= = pÉîÉê~ä= ÇáÑÑÉêÉåí= ÖÉåÉíáÅ= ëíê~áåë= çÑ= qêáÄçäáìã= ~êÉ= ~î~áä~ÄäÉ
Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK==háíë=Ñçê=ÄêÉÉÇáåÖ=ÉñéÉêáãÉåíë=ïáíÜ=aêçëçéÜáä~=~åÇ=ê~éáÇ
ÅóÅäáåÖ=Äê~ëëáÅ~ëI=áåÅäìÇáåÖ=î~êáçìë=ÖÉåÉíáÅ=ëíê~áåë=çÑ=íÜÉ=çêÖ~åáëãëI=~êÉ=~î~áä~ÄäÉ=Ñêçã
_ä~ÇÉë=_áçäçÖáÅ~ä=~åÇ=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

For further information, visit the Blades Biological and Philip Harris Education websites:

www.blades-bio.co.uk/home.htm

www.philipharris.co.uk
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råáí=Re dÉåÉíáÅëI=Üìã~å=Éîçäìíáçå=~åÇ=ÄáçÇáîÉêëáíó

mê~ÅíáÅ~ä=ïçêâ=áå=íÜáë=råáí=áåÅäìÇÉëW

❏ ^=ÄêÉÉÇáåÖ=ÉñéÉêáãÉåí=íç=ÇÉãçåëíê~íÉ=íÜÉ=éêáåÅáéäÉë=çÑ=áåÜÉêáí~åÅÉ

❏ mêÉé~ê~íáçå= çÑ= ~= â~êóçíóéÉ= Ñêçã= ~= éêáåí= çÑ= Üìã~å= ãÉí~éÜ~ëÉ
ÅÜêçãçëçãÉë

❏ aáëíêáÄìíáçå=çÑ=éä~åíë=~åÇ=~åáã~äë=~åÇ=ÉÑÑÉÅíë=çÑ=~ÄáçíáÅ=Ñ~Åíçêë

❏ ^=ÄêÉÉÇáåÖ=ÉñéÉêáãÉåí=íç=ÇÉãçåëíê~íÉ=íÜÉ=éêáåÅáéäÉë=çÑ=áåÜÉêáí~åÅÉ

^= ÄêÉÉÇáåÖ= ÉñéÉêáãÉåí= ìëáåÖ= qêáÄçäáìã= Å~ëí~åÉìã= áë= ÇÉëÅêáÄÉÇ= áå= `Éää= _áçäçÖó= ~åÇ
dÉåÉíáÅëI= ~åÇ= dÉåÉíáÅëI= bîçäìíáçå= ~åÇ= _áçÇáîÉêëáíóK= = líÜÉê= çêÖ~åáëãë= ïÜáÅÜ= ~êÉ
ëìáí~ÄäÉ= Ñçê= éê~ÅíáÅ~ä= áåîÉëíáÖ~íáçåë= áå= ÖÉåÉíáÅë= áåÅäìÇÉW=aêçëçéÜáä~= ~åÇ= ê~éáÇ= ÅóÅäáåÖ
Äê~ëëáÅ~ë= E_ê~ëëáÅ~= ê~é~FK= = pÉîÉê~ä= ÇáÑÑÉêÉåí= ÖÉåÉíáÅ= ëíê~áåë= çÑ= qêáÄçäáìã= ~êÉ= ~î~áä~ÄäÉ
Ñêçã=mÜáäáé=e~êêáë=bÇìÅ~íáçåK==háíë=Ñçê=ÄêÉÉÇáåÖ=ÉñéÉêáãÉåíë=ïáíÜ=aêçëçéÜáä~=~åÇ=ê~éáÇ
ÅóÅäáåÖ=Äê~ëëáÅ~ëI=áåÅäìÇáåÖ=î~êáçìë=ÖÉåÉíáÅ=ëíê~áåë=çÑ=íÜÉ=çêÖ~åáëãëI=~êÉ=~î~áä~ÄäÉ=Ñêçã
_ä~ÇÉë=_áçäçÖáÅ~ä=~åÇ=mÜáäáé=e~êêáë=bÇìÅ~íáçåK

❏ mêÉé~ê~íáçå=çÑ=~=â~êóçíóéÉ=Ñêçã=~=éêáåí=çÑ=Üìã~å=ãÉí~éÜ~ëÉ=ÅÜêçãçëçãÉë

aÉí~áäë=çÑ= íÜáë=éê~ÅíáÅ~ä= ~êÉ= áåÅäìÇÉÇ= áå=dÉåÉíáÅëI= bîçäìíáçå= ~åÇ=_áçÇáîÉêëáíóK= =eìã~å
ÅÜêçãçëçãÉ= ~å~äóëáë= ëÉíë= ~êÉ= ~î~áä~ÄäÉ= Ñêçã= mÜáäáé= e~êêáë= bÇìÅ~íáçåK= = qÜÉëÉ= áåÅäìÇÉ
éêáåíë=çÑ=ãÉí~éÜ~ëÉ=ÅÜêçãçëçãÉëI=Ñêçã=ïÜáÅÜ=ëíìÇÉåíë=Åìí=çìí=íÜÉ=ÅÜêçãçëçãÉë=~åÇ
éêÉé~êÉ= íÜÉáê= çïå= â~êóçíóéÉë= ~ÅÅçêÇáåÖ= íç= íÜÉ= Ä~åÇáåÖ= é~ííÉêåëK= = qÜÉ= ~å~äóëáë= ëÉí
áåÅäìÇÉë= éêáåíë= çÑ=ãÉí~éÜ~ëÉ= ÅÜêçãçëçãÉë= çÑ= åçêã~ä=ã~äÉI= åçêã~ä= ÑÉã~äÉI= açïåÛë
ëóåÇêçãÉ=~åÇ=häáåÉÑÉäíÉêÛë=ëóåÇêçãÉK

❏ aáëíêáÄìíáçå=çÑ=éä~åíë=~åÇ=~åáã~äë=~åÇ=ÉÑÑÉÅíë=çÑ=~ÄáçíáÅ=Ñ~Åíçêë

cáÉäÇïçêâ= íÉÅÜåáèìÉëI= áåÅäìÇáåÖ= ë~ãéäáåÖ= ãÉíÜçÇë= ~åÇ= ÇÉí~áäë= çÑ= ÉåîáêçåãÉåí~ä
ãÉ~ëìêÉãÉåíëI=~êÉ=áåÅäìÇÉÇ=áå=qççäëI=qÉÅÜåáèìÉë=~åÇ=^ëëÉëëãÉåí=áå=_áçäçÖóW=~=ÅçìêëÉ
ÖìáÇÉ= Ñçê= ëíìÇÉåíë=~åÇ= íÉ~ÅÜÉêëK= = píìÇÉåíë=~êÉ=ÉñéÉÅíÉÇ= íç= ëíìÇó= íÜÉ=ÇáëíêáÄìíáçå=çÑ
éä~åíë=~åÇ=~åáã~äë= áå=~í= äÉ~ëí=çåÉ=Ü~Äáí~í=~åÇ=íç= áåîÉëíáÖ~íÉ= íÜÉ= áåÑäìÉåÅÉ=çÑ=~ÄáçíáÅ
Ñ~ÅíçêëK= = qÜÉ= å~íìêÉ= çÑ= íÜÉ= áåîÉëíáÖ~íáçåë= ïáääI= çÑ= ÅçìêëÉI= ÇÉéÉåÇ= çå= íÜÉ= íóéÉë= çÑ

For further information, visit the Blades Biological and Philip Harris Education websites:

www.blades-bio.co.uk/home.htm

www.philipharris.co.uk
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Ü~Äáí~íë= ~î~áä~ÄäÉ= íç= ëíìÇóI= Äìí= áí= áë= áãéçêí~åí= íç= ÉãéÜ~ëáëÉ= íÜ~í= ïçêíÜïÜáäÉ
áåîÉëíáÖ~íáçåë=Å~å=ÄÉ=Å~êêáÉÇ=çìí=ïáíÜ=êÉä~íáîÉäó=äáãáíÉÇ=ÉèìáéãÉåí=~åÇ=Ñ~ÅáäáíáÉëI=ëìÅÜ
~ë=~=èì~Çê~í=~åÇ=~ÅÅÉëë=íç=~=Ö~êÇÉåI=é~êâI=çê=ëÅÜççä=ÑáÉäÇK

fåÇáîáÇì~ä=ëíìÇáÉë=áå=råáí=R

qÜÉêÉ= ~êÉ= ~= åìãÄÉê= çÑ= ëìÖÖÉëíÉÇ= éê~ÅíáÅ~ä= ~ÅíáîáíáÉë= áå= råáí= RI= ïÜáÅÜI= ~äíÜçìÖÜ
î~äì~ÄäÉ=áå=ÇÉãçåëíê~íáåÖ=áãéçêí~åí=íÉÅÜåáèìÉëI=Çç=åçí=äÉåÇ=íÜÉãëÉäîÉë=íç=éêçîáÇáåÖ
çééçêíìåáíáÉë= íç= ãÉÉí= ~ää= íÜÉ= êÉèìáêÉãÉåíë= çÑ= ~å= áåÇáîáÇì~ä= ëíìÇóK= = få= é~êíáÅìä~êI
ÅÜêçã~íçÖê~éÜó= çÑ= äÉ~Ñ= éáÖãÉåíëI= ~åÇ= ÇÉãçåëíê~íáåÖ= íÜÉ= åÉÉÇ= Ñçê=ãáåÉê~ä= áçåë= Äó
ëáãéäÉ= ÅìäíìêÉ= ÉñéÉêáãÉåíëI= áë= ìåäáâÉäó= íç= äÉ~Ç= íç= ÜáÖÜJëÅçêáåÖ= ëíìÇáÉëK= = páãáä~êäóI
ãÉêÉäó=êÉéÉ~íáåÖ=~=ëí~åÇ~êÇ=éÜçíçëóåíÜÉëáë=ÉñéÉêáãÉåí= áë=ìåäáâÉäó=íç=çÑÑÉê=ëìÑÑáÅáÉåí
çééçêíìåáíáÉë=Ñçê=çêáÖáå~ä=éä~ååáåÖK==eçïÉîÉêI=ìëáåÖ=íÜÉ=ë~ãÉ=íÉÅÜåáèìÉ=íç=áåîÉëíáÖ~íÉ
ÇáÑÑÉêÉåí= ÜóéçíÜÉëÉë= ÅçìäÇ= ïÉää= ÄÉ= ãçêÉ= éêçÇìÅíáîÉK= = cçê= Éñ~ãéäÉI= êÉéÉ~íáåÖ= íÜÉ
ëí~åÇ~êÇ= äáÖÜí= áåíÉåëáíó= áåîÉëíáÖ~íáçå= ïçìäÇ= Ö~áå= äáííäÉ= ÅêÉÇáíI= Äìí= ìëáåÖ= íÜÉ= ë~ãÉ
~éé~ê~íìë=íç= áåîÉëíáÖ~íÉ=íÜÉ=ÉÑÑÉÅí=çÑ=ÇáÑÑÉêÉåí=ÅçåÅÉåíê~íáçåë=çÑ=Åçããçå=éçääìí~åíë
çå=íÜÉ=ê~íÉ=çÑ=éÜçíçëóåíÜÉëáë=ÅçìäÇ=çÑÑÉê=ãìÅÜ=ãçêÉ=ëÅçéÉK

fåîÉëíáÖ~íáçåë=ìëáåÖ=ëí~åÇ~êÇ=ÖÉåÉíáÅ=ÅêçëëÉë=Å~å=~äëç=ÄÉ=îÉêó=äáãáíáåÖK==bñ~ãáåÉêë=ïáää
ÄÉ=ìå~ÄäÉ= íç= ~ï~êÇ=ãçêÉ= íÜ~å=ãáåáã~ä=ã~êâë=ïÜÉêÉ= áåÇáîáÇì~ä= ëíìÇáÉë= êÉéÉ~í=ïÉääJ
ÇçÅìãÉåíÉÇ= íÉÅÜåáèìÉë= íç= ÅçåÑáêã= ëáãéäÉ= jÉåÇÉäá~å= ê~íáçëK= = m~ëí= ÉñéÉêáÉåÅÉ= Ü~ë
ëÜçïå=íÜ~í= íÜÉ=ìëÉ=çÑ= ëìÅÜ=ÉñéÉêáãÉåíë=Ü~ë=ã~ÇÉ= áí= îÉêó=ÇáÑÑáÅìäí= Ñçê= Å~åÇáÇ~íÉë= íç
ÇÉãçåëíê~íÉ=íÜÉáê=áåÇáîáÇì~ä=éê~ÅíáÅ~ä=ëâáääëK

pìÖÖÉëíáçåë=Ñçê=áåÇáîáÇì~ä=ëíìÇáÉë

• açÉë=ÜçêãçåÉ=êççíáåÖ=éçïÇÉê=äÉ~Ç=íç=ãçêÉ=ê~éáÇ=êççí=Ñçêã~íáçå=áå=ÖÉê~åáìã
ëíÉã=ÅìííáåÖë\

• fë=íÜÉêÉ=~=ÇáêÉÅí=ÅçêêÉä~íáçå=ÄÉíïÉÉå=äáÖÜí=áåíÉåëáíó=áå=~=ïççÇä~åÇ=Ü~Äáí~í=~åÇ
íÜÉ=äÉ~Ñ=~êÉ~=çÑ=açÖë=jÉêÅìêó\

• açÉë=íÜÉ=~ÄìåÇ~åÅÉ=çÑ=ëïáããáåÖ=ã~óÑäó=åóãéÜë= áåÅêÉ~ëÉ=ïáíÜ=íÜÉ=Ñäçï=ê~íÉ
çÑ=~=ëíêÉ~ã\

• açÉë=íÜÉ=ÉñíÉåí=çÑ=ÉñéçëìêÉ=çå=~=êçÅâó=ëÜçêÉ=ÅÜ~åÖÉ=íÜÉ=ÜÉáÖÜíW=ïáÇíÜ=ê~íáç=çÑ
íÜÉ=Åçããçå=äáãéÉí\

• fë= íÜÉ= ÇáëíêáÄìíáçå= çÑ= `~ääìå~= îìäÖ~êáë= çå= ~= ÇìåÉ= ëóëíÉã= áåÑäìÉåÅÉÇ= Äó= íÜÉ
Üìãìë=ÅçåíÉåí=çÑ=íÜÉ=ëçáä\

• fë=íÜÉêÉ=~=äáåâ=ÄÉíïÉÉå=íÜÉ=~ÄìåÇ~åÅÉ=çÑ=Åçããçå=äáÅÜÉåë=~åÇ=íÜÉ=~ëéÉÅí=çÑ=íÜÉ
ëìêÑ~ÅÉ=íÜÉó=~êÉ=ÖêçïáåÖ=çå\
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pí~íáëíáÅë=áå=íÜÉ=áåÇáîáÇì~ä=ëíìÇó

qÜÉ= áåÇáîáÇì~ä=ëíìÇó=ãìëí=ÄÉ=Ä~ëÉÇ=çå=~=èì~åíáí~íáîÉ= áåîÉëíáÖ~íáçå=~åÇ=ëíìÇÉåíë=~êÉ
êÉèìáêÉÇ= íç= ~ééäó= ~åÇ= ìåÇÉêëí~åÇ= íÜÉ= ëáÖåáÑáÅ~åÅÉ= çÑ= ~å= ~ééêçéêá~íÉ= ëí~íáëíáÅ~ä= íÉëíK
píìÇÉåíë= ëÜçìäÇ= íÜÉêÉÑçêÉ=ÇÉÅáÇÉ=çå=~å=~ééêçéêá~íÉ=ãÉíÜçÇ=çÑ= ëí~íáëíáÅ~ä= ~å~äóëáë= ~í
íÜÉ=éä~ååáåÖ=ëí~ÖÉ=çÑ= íÜÉ=ëíìÇóK= =qÜÉ=éä~å=ëÜçìäÇ= áåÅäìÇÉ=çåÉ=ÅäÉ~êäó=ëí~íÉÇI=ÅçåÅáëÉ
ÜóéçíÜÉëáëI=ïÜáÅÜ=ãìëí=ÄÉW

� qÉëí~ÄäÉ

� mêÉÇáÅíáîÉI=ëç=íÜçëÉ=ëíìÇÉåíë=Å~å=ë~ó=ïÜÉíÜÉê=çê=åçí=íÜÉáê=Ç~í~=Éå~ÄäÉë
íÜÉã=íç=~ÅÅÉéí=çê=êÉàÉÅí=íÜÉáê=ÜóéçíÜÉëáëK

^ë=~=ÖìáÇÉI=íÜÉ=íóéÉë=çÑ=ëí~íáëíáÅ~ä=íÉëíë=~êÉ=äáâÉäó=íç=áåîçäîÉW

aáÑÑÉêÉåÅÉëW
➢ j~åå=tÜáíåÉó=r=qÉëí
➢ táäÅçñçå=j~íÅÜÉÇ=m~áêë=qÉëí
➢ píìÇÉåíÛë=íJíÉëí

`çêêÉä~íáçåëW
➢ péÉ~êã~å=o~åâ=`çêêÉä~íáçå=qÉëí
➢ oÉÖêÉëëáçå=^å~äóëáë

dççÇåÉëë=çÑ=cáíW
➢ `ÜáJëèì~êÉÇ=qÉëí

dççÇ=éê~ÅíáÅÉ=ïÜÉå=ìëáåÖ=ëí~íáëíáÅë

➢ `çåëáÇÉê=íÜÉ=íóéÉ=çÑ=ëí~íáëíáÅ~ä=íÉëí=íç=ÄÉ=ìëÉÇ=áå=óçìê=ÇÉí~áäÉÇ=éä~å

➢ iáåâ=óçìê=ÅÜçëÉå=íÉëí=íç=íÜÉ=ÜóéçíÜÉëáë

➢ aáëíáåÖìáëÜ= Å~êÉÑìääó= ÄÉíïÉÉå= íÉëíë= Ñçê= ÇáÑÑÉêÉåÅÉëI= ÅçêêÉä~íáçåë= ~åÇ
~ëëçÅá~íáçåë

➢ ^îçáÇ= íÜÉ= ìëÉ= çÑ= ~= ÅÜáJëèì~êÉÇ= íÉëí= ìåäÉëë= óçì= ~êÉ= ÅÉêí~áå= áí= áë
~ééêçéêá~íÉ

➢ oÉä~íÉ=íÜÉ=ëí~íáëíáÅ~ä=íÉëí=íç=íÜÉ=íóéÉ=~åÇ=åìãÄÉê=çÑ=ãÉ~ëìêÉãÉåíë=óçì
áåíÉåÇ=íç=í~âÉ

➢ fÑ=óçìê=ãÉíÜçÇ=áåÇáÅ~íÉë=íÜ~í=åìãÉêçìë=êÉéÉ~íÉÇ=ëí~íáëíáÅ~ä=íÉëíë=ïáää=ÄÉ
åÉÉÇÉÇ=íç=ÅçãÉ=íç=~=ÅçåÅäìëáçåI=êÉJíÜáåâ=óçìê=éä~å=çê=ëÉäÉÅíÉÇ=íÉëí

➢ rëÉ=~=R=B=ÅçåÑáÇÉåÅÉ=äáãáí=íç=~ÅÅÉéí=çê=êÉàÉÅí=óçìê=åìää=ÜóéçíÜÉëáë

➢ bñéä~áå=ÅäÉ~êäó=Üçï=óçì=Ü~îÉ=ìëÉÇ=íÜÉ=êÉëìäíë=çÑ=óçìê=ëí~íáëíáÅ~ä=íÉëí=áå
íÜÉ=~å~äóëáë=çÑ=óçìê=êÉëìäíëK

Details of these statistical tests, including
worked examples and Case Studies, can be
found in Tools, Techniques and Assessment in
Biology: a course guide for students and
teachers.
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fåíêçÇìÅíáçå=íç=tO

(Unit Test 6, Paper 02)

The written alternative paper, W2, is of 1 hour and 20 minutes duration and carries a maximum of
32 marks.  There will normally be two questions, of which the first carries fewer marks.

This written paper may be substituted in place of T2 practical assessment.  In making the
decision to opt for this paper, centres will need to be aware of the fact that it is designed to test
similar practical skills to those tested in T2.

Teachers and candidates are therefore strongly advised to consult the Practical Skills Criteria for
Unit 6, on pages 64 – 70 of the subject specification (syllabus), since the Examiners use these when
preparing questions for the written alternative paper.

Past experience has shown that candidates find this a very demanding theoretical exercise in the time
available.  This is especially true for students who have had little experience or training in planning
investigations of the type required.  Reference to recent Examiners’ Reports on papers WTA1 and
WTA2 will also provide a useful indication of the common errors and difficulties.

A brief summary of the main points is given below.

Question 1

(a) Tabulation

• Include all data required in one single table
• Accurate titles and units should be in the headings of rows and columns only
• Be consistent with significant figures

(b) Graphical presentation

• Ensure axes are correctly scaled and well-labelled with units
• Choose line or bar graph carefully
• Plot points carefully
• Decide whether it is appropriate to draw a line of best fit or to join the points

– if you’re not sure it is usually safer to join the points with ruled lines
• Do not extrapolate

(c) Conclusions

• Describe the trends and patterns in the data accurately
• Do not confuse theoretical assumptions with patterns shown by the data
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Question 2

There are lots of marks available in each section, so it is important to include plenty of practical
details.

(a) Planning

• Start by identifying as many variables as possible and give practical ways of
controlling them.  There is often no exactly ‘correct answer’, so credit will be
given for sensible and scientific approaches

• Look back through past mark schemes for WTA1 and WTA2 to find examples of
what is needed.  There are always common themes such as control of biological
variability in the sample, sensible sample numbers, or randomisation of samples,
what exactly is being measured, and so on

• Avoid all vague terms such as ‘about’, ‘approximately’, ‘a few days’, and
‘amounts’

• Do suggest sensible numbers to sample or measure, ensure that measurements are
repeated and give appropriate times for such measurements

• Above all, think carefully about whether your suggested method will work
practically and check carefully that it will actually test the hypothesis given in the
question.

(b) Recording, presentation and analysis

• Check that any suggested tabulation actually matches what you are proposing in
your method

• Check that the table accommodates all the readings and manipulated data
• Think about including means, where appropriate
• Sketch any suggested graph, making sure that you indicate the type of graph and

the labels you would use for each axis
• Your named statistical test must be appropriate for the data
• Include details such as a suggested null hypothesis and confidence limits

(normally 5 %).

(c) Limitations and further work

• Limitations must be genuine sources of error that would be encountered no matter
how carefully the investigation was carried out, rather than descriptions of
practical incompetence such as errors in reading a thermometer

• Suggestions for further work must be linked to the investigation in the question.
Choose sensible extensions, without testing completely different hypotheses

• Try to give several suggestions to attain all the marks available.
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Question 1

Question 1 on W2 is designed to test your ability to organise and interpret experimental data.  You
may be presented with an extract from a laboratory notebook, showing raw data.  You could be asked
to

� tabulate and organise the data
� plot a graph of the data
� suggest a suitable statistical test which could be used to analyse the data
� draw conclusions.

Tabulation of the data may require you to prepare a tally chart, or to prepare a table of derived data,
such as percentage changes, or means of several replicated readings

When plotting a graph, consider whether a line graph or bar graph is more appropriate.

`ÜççëáåÖ=ïÜáÅÜ=íóéÉ=çÑ=Öê~éÜ=íç=éäçí

There are a number of different types of graphs, including

❏ line graphs

❏ bar charts

❏ histograms.

Line graphs are used to show the relationship between two variables, such as the effect of
temperature on enzyme activity, or changes in the concentration of blood glucose against time.

Dependent
variable

Independent
variable

Hint: plot the points
carefully, using crosses or a

dot in a circle

×
××

××

×
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Bar charts are used when one of the variables is not numerical.  For example, a bar chart could be
plotted to show the concentration of vitamin C (numerical) in different types of fruits (not numerical).
By convention, the bars are plotted so that they do not touch.  The bars can be arranged in any order,
but it may be more appropriate to arrange them in order from the highest to the lowest, rather than in a
random order.

Histograms are used to show frequency distributions with continuous data, for example, to show the
frequency of leaves of different lengths (continuous data).  When plotting a histogram, the blocks
should touch.

Lemon
Vitamin C
content

Orange

Pineapple

Banana

Pear

Fruits

To plot a histogram, the data
must be grouped, for
example, the leaves could be
organised into classes of
lengths:

110 to 119 mm
120 to 129 mm
130 to 139 mm

etc.

Frequency

Leaf length / mm

110 120 130 140 150 160 170 180 190 200
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Name the type of graph which would be most suitable to show each of the following:

❏ The percentage of people in a population of blood groups A, B, AB and O

..............................................

❏ The relationship between the rate of reaction and substrate concentration for an
enzyme-catalysed reaction

..............................................

❏ The relationship between body temperature of a lizard and environmental temperature

..............................................

❏ Changes in the pressure in the left ventricle during the cardiac cycle

..............................................

❏ The percentage frequencies of different species of flowering plants found in a meadow

..............................................

❏ Reaction times to a visual stimulus measured in 100 different people

..............................................

❏ The population densities of five major regions of the world in the year 2000

..............................................

❏ The numbers of different species of birds found in woodland

……………………………..

❏ The effect of light intensity on the rate of photosynthesis

…………………………….
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❏ Example 1.1

The diagram overleaf shows a sample of 20 leaves collected at random from a tree growing in full
sunlight.  Measure the maximum width of each leaf, and complete the tally chart below.

Leaf widths / mm
class intervals

Tally Total

10 - 12

13 - 15

16 - 18

19 - 21

22 - 24

eçï=íç=ÅçãéäÉíÉ=~=í~ääó=ÅÜ~êí

Leaf widths / mm
class intervals

Tally Total

10 - 12 II 2

13 - 15 IIII I 6

To complete the tally chart, measure each leaf then draw a line in the appropriate box.
For example, if a leaf measures 14 mm, draw a line in the 13 – 15 mm box.  Continue like this
until you have measured all the leaves, then write in the total for each class interval.

This is sometimes called
‘gate scoring’

Write the total
for each class
interval here

Measure each leaf and draw a
line in the appropriate box.

etc!
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Use the grouped data to plot a histogram to show the distribution of widths in this sample of leaves.

Suppose that a second sample of 20 leaves was collected from the same species of tree growing in a
shaded position.  Name a suitable statistical test to investigate whether there was a significant
difference between the mean widths of the two samples.

eáåíë=çå=íÜÉ=ÅÜçáÅÉ=çÑ=~=ëìáí~ÄäÉ=ëí~íáëíáÅ~ä=íÉëí

The types of statistical test are likely to involve differences, correlations, or goodness of fit.

aáÑÑÉêÉåÅÉë

� Mann Whitney U test
� Wilcoxon matched pairs test
� Student’s t-test

`çêêÉä~íáçåë

� Spearman rank correlation test
� Regression analysis

Goodness of fit

� Chi-squared (χ2) test

vçì=~êÉ=åçí=ÉñéÉÅíÉÇ=íç=êÉãÉãÄÉê=íÜÉëÉ=ëí~íáëíáÅ~ä=íÉëíë=áå=ÇÉí~áäI
Äìí=óçì=ëÜçìäÇ=ÄÉ=~ÄäÉ=íç=ëìÖÖÉëí=ïÜáÅÜ=íÉëí=ïçìäÇ=ÄÉ=~ééêçéêá~íÉ
Ñçê=~=ÖáîÉå=áåîÉëíáÖ~íáçå=~åÇ=~ééêÉÅá~íÉ=Üçï=íç=áåíÉêéêÉí=íÜÉ=íÉëíI
áå=íÉêãë=çÑ=ÅçåÑáÇÉåÅÉ=äáãáíëK

Answer …………………………

For advice on the choice of statistical
tests, with worked examples, see:

Tools, Techniques and Assessment in
Biology – A course guide for students
and Teachers  [ISBN 0 17 448273 6]
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❏ Example 1.2

A group of students carried out an ecological investigation into the distribution of two species of trees
in a wood.  They found that one species (A) was more common on dry, well-drained soils, whilst the
other species (B) was more common where the soil was wet and poorly drained.  They produced the
hypothesis that one reason for this was that the leaves of species B lost water vapour more quickly
than the leaves of species A.

To test this hypothesis they collected a sample of 100 g of leaves from species A and a 100 g sample
of leaves from species B.  They then hung each sample on a line to dry in identical conditions in the
laboratory.  Both samples were then reweighed each hour for five hours.

An extract from the records of this investigation is given below.

(a) (i) Calculate the loss in mass compared to the original mass, for each sample every
hour.  Then organise the data in a suitable table so that the loss in mass for each
sample can be compared.

(4)

(ii) Use the data in your table to present this information in a suitable graphical form.
(4)

(b) What conclusions can you draw from this investigation?
(2)

(Total 10 marks)

Species A

mass after

1 h 2 h 3 h 4 h 5 h
92.5 81.0 64.0 57.2 51.6

in g

Species B

mass after

1 h 2 h 3 h 4 h 5 h
72.5 45.9 31.0 24.1 20.8

in g
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❏ Example 1.3

A long term investigation was carried out to test the hypothesis that populations of mosquitoes which
are regularly sprayed with insecticide will become resistant to it.

A large sample of mosquitoes was randomly collected from a village which had been regularly
sprayed with insecticide.  250 of these mosquitoes were placed in a sealed container and a measured
dose of insecticide was added.  After one hour, the total number of mosquitoes killed by this treatment
was counted.  The experiment was then repeated four times using fresh batches of mosquitoes and
increasing the dose of insecticide each time.

A second sample of mosquitoes of the same species was then collected from a village which had
never been sprayed with insecticide and tested in the same way.

An extract from the records of this investigation is shown below.

250 Mosquitoes added

Mg Insecticide Sprayed Village Unsprayed Village

0.15 45 188

0.25 70 230

0.35 95 245

0.45 102 235

0.55 132 238

(Numbers Killed)
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(a) Calculate the percentage of mosquitoes killed by the different insecticide
treatments for each village.  Then organise the data into a suitable table so that the
effect of increasing insecticide concentration for each village can be compared.

(4)
(b) Use the data in the table to present this information in a suitable graphical form.

(4)

(c) What conclusions can you draw from the results of this investigation?

(2)

(Total 10 marks)

Now try the following examples.  In each case, organise and tabulate the data so that suitable
comparisons may be made.  Use your tabulated data to present the information in an appropriate
graphical form.  You need to consider whether to use a histogram (for grouped data) or a line graph
(to show the relationship between two variables).

What conclusions can you draw from the data?



UA009817 Edexcel Advanced GCE Biology and Biology (Human) Teachers’ Guide A2 Units 39

❏ Example 1.4 Smoking and non-smoking mothers and birth weight of babies

Newtown maternity hospital

Weight of baby at birth / kg

Smoking mothers Non-smoking mothers

3.20, 3.10, 2.96, 4.10,

3.62, 3.11, 3.40, 2.71,

3.52, 3.20, 3.30, 3.17,

2.82, 3.69, 3.35, 3.58,

3.27, 3.81, 3.09, 3.16,

2.89, 2.59

3.22, 4.11, 3.01, 3.79,

3.16, 3.57, 3.92, 3.62,

3.59, 3.36, 3.82, 3.47,

2.99, 3.32, 3.18, 3.52,

3.89, 3.76, 3.59, 3.49,

2.98, 3.67
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❏ Example 1.5 Effect of altitude on numbers of red blood cells

Number of red blood cells × 1012 per dm3

LONDON

5.5 5.4 5.1 5.6 4.9 4.9 4.8
4.7 4.6 4.8 4.7 4.9 4.5 4.4
4.6 5.0 5.5 5.2 5.1 5.6

MEXICO CITY

5.8 5.5 5.7 5.9 5.3 5.0 5.1
4.9 4.7 4.9 5.8 5.7 5.5 5.6
5.7 4.9 5.1 5.2 5.0 4.9
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❏ Example 1.6 Effect of training on pulse rates in trained and untrained swimmers

Some students carried out an investigation into the effect of sports training on the increase in pulse
rate when running.  They chose volunteers from the school swimming team who trained regularly and
four volunteers who did not do any sports training.  The volunteers in both groups were females of the
same age and in good health.

In the investigation, all the volunteers rested for two minutes and then their pulse rates were
measured.  They were then asked to run for one minute on a mechanical treadmill at a constant speed
and their pulse rates were measured again.  Each volunteer was tested at four different running speeds.

An extract from the experimental records is shown below.

UntrainedTrained swimmers

Treadmill speed
1

Rest 1ms-
1

2ms-
1

3ms-
1

4ms-
1

Tracey 70 95 135 170 198

Carol 64 87 134 177 197

Ann 64 101 132 169 199

Kirsty 67 104 137 168 195

Rest 1ms-
1

2ms-
1

3ms-
1

4ms-
1

Mary 56 84 115 150 183

Jo 57 86 120 154 186

Faiza 54 84 126 155 182

Lynn 53 90 124 156 185
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❏ Example 1.7 Comparison of limpets on exposed and sheltered shores

The diagram shows a limpet.  Limpets are cone-shaped molluscs which are found attached to rocks on
many seashores.

Some students carried out an investigation to compare the shape of limpets on a sheltered shore with
that on a shore exposed to the action of waves.  They measured the height and overall length of 15
limpets on each shore.  They then used the ratio of height to length to describe the overall shape of the
limpets.  An extract from their field records is shown below.

Limpet Investigation

Sheltered Shore:
H/L Ratios 0.58, 0.57, 0.55, 0.64,

0.65, 0.60, 0.57, 0.58, 0.59, 0.57, 0.54, 0.58

0.58, 0.58, 0.56

Exposed Shore:
H/L Ratios 0.55, 0.53, 0.45, 0.52,

0.39, 0.53, 0.59, 0.54, 0.49, 0.47, 0.51, 0.51

0.43, 0.51, 0.48
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Mark Schemes for Questions 1 1, 1.2 and 1.3

Example 1.1

A t-test would be appropriate to compare the means of two distributions, assuming that the data are
normally distributed.

Example 1.2

(a)(i) suitable tabular format;
correctly labelled rows and columns (units in headings only) ;
loss in mass correct for species A / % loss in mass ;
loss in mass correct for species B ;

 (a)(ii) suitable axes labelled (must include zero time) ;
plot A correct ;
plot B correct ;
line graphs, correct key ;

(b) species B lose water / mass more (rapidly) than species A ;
both rates of water / mass loss decreases with time / overall pattern of water loss is similar ;

Example 1.3

(a)(i) percentages with spraying correct ;
percentages without spraying correct ;
tabular format ;
correct rows and columns, units in heading ;

Example of table

Insecticide dose / mg 0.15 0.25 0.35 0.45 0.55

Village with spraying
% killed

18 28 38 40.8
(41)

52.8
(53)

Village with no
spraying
% killed

75.2
(75)

92 98 94 95.2
(95)

(a)(ii) suitable axes labelled with units and correct scales ;
sprayed data correctly plotted ;
unsprayed data correctly plotted ;
line graph correctly keyed, accurately drawn and no extrapolation ;

(b) sprayed village mosquitoes are more resistant / converse ;
% of sprayed village mosquitoes killed increases with increasing insecticide concentration ;
% of unsprayed village mosquitoes killed reaches maximum at figure to match maximum from
graph drawn, 0.3 to 0.35 ;
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Question 2

Question 2 usually includes the words ‘Plan an investigation which you personally could carry out to
test the hypothesis that.....................’

The answer is under the following headings:

(a) Plan of the investigation to be carried out
(9 marks)

(b) Recording of the raw data measurements, presentation of the results and methods of data
analysis

(7 marks)

(c) Possible limitations of your method and an indication of further work that could be
undertaken

(5 marks)

Read through the following two examples (2.1 and 2.2) carefully, and then study the mark schemes
which follow each question.  You may find it helpful to make a note of general points, which appear
in the mark schemes, particularly for the planning and presentation of results.

❏ Example 2.1

Many fruits and seeds contain germination inhibitors, which delay germination until the inhibitors
have been washed away by rain or become inactivated.  In tomatoes, the inhibitors delay germination
until the fleshy fruit has rotted away thus releasing the seeds.

It has been suggested that, in tomatoes, the inhibitor of seed germination is present in the fleshy
tissues of the fruit rather than in the seed coats.

Plan an investigation, which you personally could carry out to test this hypothesis.

Mark scheme

(a)
use seeds from same variety ;
reference to oxygen / air / water ;
keep at a suitable temperature (15 °C to 20 °C) ;
keep conditions for germination constant ;
use a suitable substrate for growth such as soil, compost, cotton wool etc. ;
remove seeds from a ripe tomato ;
count number germinated ;
wash tomato flesh in running water ;
check for germination in thoroughly washed seeds ;
use a large number of seeds in each batch ;
suitable replication ;
calculate rate of germination as percentage ;

Note:  In mark schemes, a
semi-colon (;) indicates
separate marking points
/ indicates alternative
marking points.
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(b)
tabulate results ;
column for unwashed seeds ;
column for washed seeds ;
column for percentage germination ;
extra boxes for repeats ;
bar charts ;
correct axes ;
calculate means ;
calculate standard deviation ;
apply t-test ;
reference to interpretation of data (i.e. 5 % significance level) ;

(c)
tomatoes could vary in ripeness ;
initial treatments could vary ;
assumes inhibitor is water soluble ;
test effects on different strains ;
test for seasonal variation ;
test effects of extracts alone ;

❏ bñ~ãéäÉ=OKO

Sugar beet is a root crop often grown as a commercial source of sugar.  It has been suggested that the
yield of the crop can be affected if weeds are allowed to grow amongst the rows of sugar beet plants.

Plan an investigation which you personally could carry out to test the hypothesis that the growth of
weeds will reduce the yield of sugar beet.

Mark scheme

(a)
use one variety / species of beet ;
reference to uniform conditions / sterilised soil / compost ;
several plots of each ;
same size / area ;
plant beet seeds in each tray / plot ;
same density / distance apart ;
sow weed seeds / allow weeds to grow in one plot / half the plots ;
reference to control of weed density ;
method of keeping plots weed-free described ;
allow to grow for stated times ;
suitable method for assessing yield, e.g. fresh mass / diameter of root / sugar content ;

(b)
suitable table of raw data ;
correct headings of rows and columns ;
plot bar char to compare yields ;
suitable axes stated ;
null hypothesis stated ;
application of t-test ;
comment on 5 % significance level ;
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(c)
possible uncontrolled variables ;
fresh mass variable ;
mass (or diameter) not necessarily related to sugar yield ;
method of weed control might affect yield ;
test effect of different weed species ;
test other methods of weed control
test different varieties of beet ;
test effects of weeds in different parts of growth cycle ;
test effects of varying weed density ;
test effect of varying beet density ;

Now try the following examples.

❏ bñ~ãéäÉ=OKP= _áçäçÖó=~åÇ=_áçäçÖó=Eeìã~åF

Earthworms (Lumbricus terrestris) are annelid worms which are commonly found in a wide range of
soil types.

Plan an investigation which you personally could carry out to test the hypothesis that more
earthworms are found in the soil in woodland than in open grassland.

❏ Example 2.4 Biology and Biology (Human)

Aphids are insect pests of glasshouse crops, such as green peppers (Capsicum sp.)

Plan an investigation you personally could carry out to test the hypothesis that the presence of aphids
significantly reduces the yield of green peppers grown in a glasshouse.

❏ Example 2.5 Biology and Biology (Human)

The coconut leaf roller, Hedylepta blackburni, is a moth whose caterpillars feed on the leaves of
coconut palms and bananas.

One method of controlling such pests is to trap the male moths on a sticky surface using a chemical
attractant called a pheromone.  This prevents the moths from breeding.

Plan an investigation to determine the best position in which to place these traps to protect coconut or
banana plants in a plantation.

❏ Example 2.6 Biology and Biology (Human)

Many areas of land around former mine workings are polluted with metals such as copper.  As a
means of reclaiming such areas, plants, which are able to grow in the presence of copper, can be
planted.
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You are provided with seeds collected from the grass Agrostis tenuis, which was found to be growing
in small numbers in an area polluted with copper.

Describe how you would select and breed a variety of grass suitable for use in the reclamation of land
polluted with copper.

❏ Example 2.6 Biology (Human) only

Synaptic transmissions can be affected by various drugs such as caffeine.  If has been suggested that
caffeine acts as a stimulant and so reduces the time taken to respond to a visual stimulus.

Plan an investigation, which you could personally carry out, to test this hypothesis.

❏ Example 2.7 Biology (Human) only

It has been suggested that learning is affected by background noise.

Plan an investigation, which you could personally carry out, to test the hypothesis that background
noise reduces the ability to learn.
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