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Prerequisites

* Required Knowledge
Students must be familiar with the terms:

— Acid
— Acidic
— pHscale
* Required Resourses
— Lego Mindstorms NXT
— Software for the robot
— pH sensor & adaptor
— Internet connection
— Chemistry - Biology Laboratory Microscope

— Technology Laboratory (to assemble the robot)

— Computer Laboratory (to programme the robot)
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Introduction

* Through the following inquiry — based scenario it is aimed to
determine Acid Rain and how Rain Forests are harmed by it.

* This can be possible not only with the help of experiments but
also with the help of robots such as Lego Mindstorm NXT, a
robot used for educational purposes.




Introductory Story

e Students have been watering (by spraying so
that leaves make also contact) two identical

plants (e.g.Basil) (same age, same kind, same
location) for about a month. The first one with
tap water while the second one with vinegar.

— Which of the plants looks more healthy?

— Which of the plants has grown more?




i~ .
' Question

e How much do Acids affect Leaves?

e How much do Acids affect Roots?

— Students collect hypothesis on the affect of acids
on leaves and roots.

— Teacher collects them for example at the black
board. Open

X| Guided
Structured
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[E, Evidence (1)

* Before the experiment students will be guided through a
discussion to determine a procedure, which will be then
compared to the right one
http://www.youtube.com/watch?v=eFKE9niBhYc

 Moreover pH can be measured with the help of the robot pH
sensor already assembled in the technology lab
http://www.vernier.com/products/packages/engineering-
nxt/environmental/ instructions to follow
http://www.vernier.com/products/books/stem/

Open
Guided
X] Structured
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Evidence (2)

* According to the procedure students will be divided into 5 groups of 4.These 5
groups will move in a circle in the lab.

— The first team will use the educational chemistry software to perform the experiment

— The second and third group will perform the experiment measuring the pH of the solution
with pH indicator paper

— The fourth and fifth group will measure the pH through the robot pH sensor

* During the experiment the pH of vinegar, H,SO; and H,O will be measured and
compared with the pH of Acid Rain given by the book.
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All teams will then take the leaves
from the experiment and examine
them with a microscope, comparing
them with healthy ones.

¢ Acid Rain

{ Evidence (3)

Moreover pieces of roots will also be
examined and compared not only
with the microscope but also
macroscopically to substantiate
growth restriction.

pH6.5

Open
X| Guided
Structured
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B5 Analyse (1)

=

Each student will be provided with the following tables to
analyse the data of the experiment and discuss the results.

paper meter

Vinegar
H,SO,
H,O

Measurement must then be placed on the following pH scale

o= 2 R | L WE W g |_ X] Open
0 7 14 Guided
Structured
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B5 Analyse (2)

3‘—""-"4‘)
Leaves Leaves Roots Roots
(Macro) (Micro) (Macro) (Micro)
15t plant
2" plant
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/ Explain

* Students explain if the hypotheses were clearly proven by the experiments
and reach the conclusion by filling the gaps of the following.

— There are many theories about the effects of acid rain on plants and forests.

— Stem theory supports that leaves are primary affected by ozone and this is deteriorated
by acid rain.

— Root theory supports that roots are destroyed by low pH and so nutritional elements
can not be transferred.

— Multiple tension theory supports that there are more factors responsible for the growth
deficiency such as air pollution for the last decades

— Acid rain does not usually kill trees directly. Instead, it is more likely to weaken trees by
damaging their leaves, limiting the nutrients available to them, or exposing them to toxic
substances slowly released from the soil. Quite often, injury or death of trees is a result
of these effects of acid rain in combination with one or more additional threats.

Open
X| Guided
Structured
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Connect

X

* Students will here connect the effect of acid rain to the effect
of acids on marbles (prior knowledge) witch are also afected
by acid rain. Moreover there will be a comparrison to show
that if acid rain destroys rock what it can really do to an
organism.

Open
Guided
X| Structured
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5 Communicate

e Students will be asked to fill the words on the picture

Sulfurie acid (4 )
Nitric acid (HNO

Sulfur dioxide and
nmifrogen oxide

CIMISSIONS

Acid

snow melt

Open
X| Guided
Structured
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Reflect

* Moreover students will be asked so as, not
only to reconsider their ideas but also to see
WHY they do this

hat did you think about acid rain?

hat do you think now ?

nat helped you change your mind? Open
X| Guided
Structured
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTtaLOEVTIKOU €pyou Tou dtdbdokovta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol MpoypapaToq
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv
Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug

’
TTOPOUC.
EMIXEIPHYIAKO [MTPOIPAMMA
* X %
2z ’ EKMAIAEYZH KAl AIA BIOY MAGHEZH =’ EZ nA
X b EnEVIVON GTNY UOVWYid TNE YVWEN . LUV /
* 4k = ) [T
YNOYPTEIO MAIAEIAL KAl OPHIKEYMATON  EYPONAIKO KOINONIKO TAMEIO
EUpw]Iu'l'Kr']'vaoq EIAIKH YNMHPEXIA AIAXEIPIZHL
S Me tn ouyxpnparoddétnon tng EAAadag kat tng Evpwmnaikig Evwong
Acid Rain
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>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.

21



>NUElwpa Avadopac

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, ZaxoapoUAa
Yuupvaiov 2015. ZaxapoUAa pupvaiou. « ALSOKTIKA TNG XNUELC.
AwbaokaAio tng Xnueiag». Ekboon: 1.0. ABrva 2015. AtaBEotpo amo
Siktuakn dtevBuvon: http://opencourses.uoa.gr/courses/CHEM108/

»  Acid Rain 22
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>NUElwpa Adetodotnong

To tapov LVALKO SlatiBetal pe toug opoug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oto «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO 1] EUECO OLKOVOLLKO OPEAOC Ao TNV Xprion Tou €pyou, yLa
TO SlovopEa Tou €pyou Kot adelodoyo

* 1ou 6ev meplAapPaveL olkovouLKr) ouvaAlayn we npolnoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavouEa ToU £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stapnuioelc) amod tnv poPfoAr Tou €pyou o€ SLASIKTUAKO TOTO

O Swaovyog pmopel va rapexel otov adelodoyo Eexwplotr adeLa va XpnOLLLOTIOLEL TO €pYO yLa
EUTTOPLKNA Xpron, Eepooov auTo tou {ntnbeL.

i S
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N SLookeun Tou UALKOU Ba TtpeETmeL
va cUUTTEPLAQLUBAvVEL:

" 10 2nueilwpa Avadopadc

" 10 2nueilwpo Adelodotnong

= N 6nAwon Aathpnong ZNUELWUATWY

" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

moll pe touc cuvodEUVOUEVOUC UTIEPOUVOECHOUC.

% Acid Rain
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>nuelwpo Xpnoncg Epywv Tpitwv (1/3)

To Epyo auTO KAVEL Xprjon Twv aKOAoUuBwv £pywv:
Ewkoveg/Zxnuata/Awaypappatoe/Dwtoypadieg

Ewkova 1. “Factories like this are a major source of air pollution”. Copyrighted
by UCAR. Zuvbeopoc:
http://www.windows2universe.org/earth/Atmosphere/pollution climate cha
nge.html

Ewkova 2. “The exhaust emissions data covers 12 pollutants and 41,712 roads
or stretches of road”. Photograph by Alexander Ruesche/EPA. Copyrighted.
Yuvbeopoc: http://www.theguardian.com/environment/2013/jun/24/north-
circular-air-pollution-london

Ewkova 3. “Acid Rain”. Copyrighted by Miguel Rodriguez. 20vbeopoc:
http://www?2.maxwell.syr.edu/plegal/crit9/mrodriguezwql.html

Ewkova 4. “pH Scale”. Copyrighted by Courtesy of Environment Canada.
Yuvbeopoc: http://www.ns.ec.gc.ca/

»  Acid Rain 25
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http://www.theguardian.com/environment/2013/jun/24/north-circular-air-pollution-london
http://www2.maxwell.syr.edu/plegal/crit9/mrodriguezwq1.html
http://www.ns.ec.gc.ca/

>Nuelwpo Xpnonc Epywv Tpitwv (2/3)

Ewkova 5. “Effects of Acid Rain - Leaves”. Copyrighted by insharepics.info.
Yuvbeopoc: http://insharepics.info/imag-acid-rain-before-and-after.htm

Ewkova 6. “The availability if the nutrients is affected by the pH of a soil”. Yo
tnv adela Creative Commons Attribution-NonCommercial-ShareAlike 3.0
Unported . ZUvdeopoc:
http://www.thetruthdenied.com/news/2014/09/04/geoengineering-how-
sick-is-it/

Ewkova 7. “Face of Angel with limited depth of field.”. Photograph by Michael
Drager. Copyrighted. Zuvbeopog: http://www.dreamstime.com/royalty-free-
stock-images-angel-face-image2789679 . Mnyn: www.dreamstime.com

Ewkova 8. “Acropolis Greece Acid Rain Damage”. Copyrighted by Visualphotos.
Yuvbeopoc: http://www.visualphotos.com/image/1x9151490/acropolis-
greece-acid-rain-damage

% Acid Rain
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http://insharepics.info/imag-acid-rain-before-and-after.htm
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://www.thetruthdenied.com/news/2014/09/04/geoengineering-how-sick-is-it/
http://www.dreamstime.com/royalty-free-stock-images-angel-face-image2789679
http://www.dreamstime.com/
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>nueiwpa Xpnonc Epywv Tpitwv (3/3)

Ewkova 9. “Acid Rain”. Copyrighted. Zuvbdeopoc:
https://felixdeny.wordpress.com/2012/11/17/hujan-asam-bi-ss-2012/#more-

137
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