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2. MAOHZIAKA ANOTEAEZMATA

MaOnoiakd AtmroteAéopara

lNepiypapovrai Ta pabnaoiakd arroreAéouara Tou uabnuaTog Ol CUYKEKPIUEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES KataAAnAou
EMITEOOU TTOU Ba QITOKTHOOUV Ol QPOITNTES UETG TNV ETTITUXT OAOKARpwan Tou pabnuarog.

2upBouleureire To Mapdprnua A

Teprypapn Tou Emimédou twv Mabnaoiakwv ATToTeAeouaTwy yia KGBe éva kKUkAo ammoudwy aouupwva ue lMAaioio Mpoadviwy Tou
EupwrraikoU Xwpou Avwrarng Ekmaideuang

lMeprypagikoi Acikteg Emimédwv 6, 7 & 8 Tou EupwrraikoU lMAaigiou lNMpoodviwy Aid Biou Mabnong

kai Mapdprnua B

lMepiAnmrikég Odnyds ouyypaens Mabnoiakwy AmoreAeoudrwy

To padnua tng MepiBallovTikhG Xnueiag oToxeuel 0TV KATAVONOT TWV EVVOIWY TTOU
QQOPOUV TNV PEAETN TNG OUCTAONG Kal TIG IBIGTNTEG TWV XNMIKWY SIEPYATIWY TTOU
oupBaivouv pe QUOIKO TPOTTO OTNV aTPOCPaIPa, TN AIBGC@aIpa Kal TNV udpdoPaIPa, KABWG
Kal TIG €MOPACEIG TwV dIAPOPWY PUTTWV TO TTEPIBAANAOV. Oa £EETAOTOUV ETTIONG TTEPIEKTIKA,
UTTO TO TTPIoHA TNG XNuUEiag, n TOEIKOTNTA TWV CNUAVTIKOTEPWY PUTTWYV, O TEXVIKEG
ETTEEEPYATIAG TOUG, Kal Ol HEBOdOI EAaXIOTOTTOINONG KAl TIPOANWNG TNG pUTTAVONG.

O1 o1 oITATPIEG/POITNTEG, META TNV ETTITUXT OAOKAAPWON Tou JaBripartog, Ba €oikelwBouv e
TIG AKOAOUBEG EVVOIEG:

A) Mg TOUG QUOIKOUG KUKAOUG TWV OTOIXEIWV KAl TWV POPiwV aTO TTEPIBAAAOV.

B) Tig XnUIKES avTIOPACEIG OXETICOPEVEG E TOUG PBIOYEWXNMIKOUG KUKAOUG.

M) Tig XNUIKEG avTIOPACEIG KAl DIEPYATIEG AVAPEPOPEVEG OTNV TOGIKOTNTA TWV PUTTWYV Kal TV
ETTECEPYATia TWV ATTORBAATWV.

A) Tig neBSdOUG AVTIMETWTTIONG TNG pUTTAVONG ME Eu@acn oTnv «l1pdaivn Xnueiay.

levikég IkavoTnTEg

AauBavovrag umrdwn TIS YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEI ATTOKTHOEI O TITUXIOUXOG (OTTWGS aUTES avaypdpovral OTo
lMapdprnua AimAwparog Kkai mapartiBevral akoAoUBwg) o€ moia / TToIEG QTTO QUTES QTTOOKOTTE! TO UABNUas;.

Avalnman, avdAuon kai a0vBean dedouEvwyY Kai 2x€01a0U0S Kai dlaxeipion Epywv

TANPOYOPIWY, LE TN XPHON Kal TwV arapaitnTwy

TEXVOAOYILWV >eBaoudg artn S1apOoPETIKOTNTA KAl OTNV TTOAUTTOAITIGUIKOTNTA
[Mpooappoyr oc VEES KATAOTATEIS 2eBaoudg aro Quaiko TepiBaAlov

AQyn amopaoswyv Emideién Kolvwvikng, emayyeAuanikng Kai nOIkng utreubuvornTag Kai

euaiobnaiag oe Béuara pUuAou
Aurévoun epyacia

AoKnon KPITIKNG Kal QUTOKPITIKAG
Ouadikn epyaocia

TMpoaywyn NG EAeUBEPNG, ONUIOUPYIKAS Kal ETTAYWYIKAS OKEWNS
Epyacia oe d1e6vég mepifaAiov

Epyaoia o€ diemmiornuoviké mepiBdAlov

TMapdywyn véwv EPEUVNTIKWY IOEWV

e AvalnTtnon, avaAuon Kal ouvBeon 0€dOUEVWV Kal TTANPOPOPIWY, KE TN Xpron Kal
TWV aTTAPAITNTWY TEXVOAOYIWV

e Autdévoun gpyacia

e OpadiknA epyacia




o Zefacud 01O QUOIKO TTEPIBGAAOV

o [Ipoaywyr TNG dNUIOUPYIKAG Kal ETTAYWYIKAG OKEWNG
o [lapaywyr VEWV EPEUVNTIKWYV IBEWV

3. NEPIEXOMENO MAOGHMATOZ

1. Eicaywyn otn MepiBdAAovTiki Xnueia

1.1. H emmidpacon Tou avBpwytrou oTo TTEPIBAAAOV

1.2. Movddeg Tou yewAoyIikoU xpovou Kai n évvola Tou « AvBpwTTOKaIvou»
1.3. Xnueia Twv duoikwyv Aiepyaciwv

1.4. Xnueia Twv Aigpyaoiwv Putravong

1.5. Znuacia g MepiBaArovTikAG Xnueiag

2. Baoikég apxég TNG XnUEiag Twv QUOIKWYV TTEPIBAAAOVTIKWYV SiEpyaociwv

2.1. XnUIKEG 100ppOoTTiES: AlaypdupaTa KATAVOUARG XNHIKWY EI0WV

2.2. AvTidpdoeig o&éwv BAoewv

2.3. Oteidoavaywyikég digpyaoieg: KUKAOG Kal evepyodTnTa TWV NAEKTPOViIWV oTo TTEPIBAAAOV, pE &
E, eCiowaon tou Nernst, diaypauuara pE-pH (Pourbaix), didypappa pE-pH Tou vepou.

Z0pTTAOoKa Kal avTISpAoEl§ oXNHATICHOU CUPTTAOKWV
3.1. ZopmAoka Kkal xnAIKA emidpaon

3.2. KivnTikr) avTidpAoewv JETOANIKWY CUUTTAOKWV

3.3. ZUpTtrAoka PeTaAAIKWYV 16VTWY OTA QUOIKA UdaTa

Xnuikég Alepyacoieg otnv Y3poo@aipa

4.1. O kUkAog Tou NepoU-Xpdvol TTapapovrg Tou veEPoU OTIG QUOIKEG OECAUEVES

4.2. Aigpyaaieg TTou emTnpeddouv Tn ouoTtaon Tou Nepou

4.3. Karnyopieg pUOIKWVY UBATWYV Kal n XNIKr Toug ouoTaon

4.4. ANANAETTIOPATEIS TWV QUOIKWY UDATWY WE TNV aTudo@aipa aépa Kal Ta I¢hpata: Nouog Tou
Henry, oguyovo kai d10&gidio Tou avBpaka.

4.5. Aigpyaaoieg TTou kaBopidouv 10 pH Twv QUOIKWY UdATWV: AAKOAIKOTNTA KaI BACIKOTNTA

4.6. EEGpTNON TNG @WTOCUVOETIKNG OpaoTNPIOTNTAG TWV USATIKWY OIKOCUOTNHATWY atrd 10 pH

4.7.To aoBéoTio Kal GANa péTaAda ota Quaikd UdaTa

4.8. O&e1doavaywyikég avTiOpAoEeI§ 0T QUOIKA UBATIKG CUOTAUATA

4.9. Alaypduparta pE-pH (Pourbaix) Tou 01dripou ota @uoikd Udarta Kal Tou XAwpiou 6To TTOCINO

vEPO
4.10. 2YXNUATIONGG CUPTTAGKWY OTA QUOIKA udATIKG CUCTANAT
4.11. PwTOXNMIKEG AVTIOPACEIG OTA PUOIKA VEPA
4.12. Etepoyeveic Aiepyaaieg: AAMNAeTIOpAcEIg HETAEU @ATEWY aTa QUOIKG Udarta: |

AloAutoTnTa Agpiov oTa QUOIKA vepd, Il. ZXnUaTIopog IgnudTwy oTa YuUOIKA vepd, .
KoAAogidn aTo udatikd trepiBaAAoy, IV. Mpoopdenaon XxNUIKWY OUCIWY O OTEPEQ

AvaAuTtiki Xnpueia MepiBdAAovtog

Eicaywyn otnv évvoia Twv Bioyswxnuikwv KikAwv
6.1. O KUKAOG TOU vepOU

6.2. O KUKAOG TOU UBpPOYOVOU

6.3. O KUKAOG TOU AvBpaka
6.4. O KUKAOG TOU 0Euydvou




6.5. O KUKAOG TOU alwToU
6.6. O KUKAOG TOU B¢iou

6.7. O KUKAOG TOU O pdpou
6.8. O KUKAOG TOU C10)poU

7. XnuiKAq pUTTOVON
7.1. ®aoeig Tng YoBabuiong Tou MepiBdAAovtog atmd Tig AvBpwTTiveg ApacTnpidTNTEG
7.2.TINy€G TNG XNMIKAG puTTavong: ZuuBaTikoi Kal un-cupaTtikod puTrol
7.3. Xnuikr) pUutTavon amd avBpwIToyEVEIG OPYAVIKEG OUTIES
7.4. ExTiynon Emmtwoewyv AvBpwTtroyevwy Evwoewv o1o MepifaAiov: Opyavikn MepiBalAovTikn
Xnueia
7.5. ToikoAoyia XNHIKWV EVWOEWV

8. Emegepyaoia xnuikwv amoBARTWY
9. XnuikA ere§epyacia (arroAUpavon) Tou TTOGIHOU VEPOU

10. Mpdoivn Xnueia

4. AIAAKTIKEZ ka1t MAOHZIAKEZ MEOOAOI - AZIOAOIHzH

TPOMNOZ NAPAAOZHZ | [MpdowTro pe TTPOcwWTTO (aiBouaa didackaAiag)
lpoéowrro ue mpoéowro, EE amoordoswg
EKTTQIOEUTN K.ATT.

XPHZH TEXNOAOTIQN | ¢  HAckTpoVvIKO TaXudpopeio

MAHPO®OPIAZ KAl | ,  |gT00€AiBO TUAPATOC-OBNYAC GTTOUBGIV
EMIKOINQNION | ., (jassweb

Xpnon T.[1.E. arn Aidackalia, otnv

Epyaortnpiakn Ekmaideuon, otnv

Emmikoivwvia g TOUS QOITNTEG

OPIrANQzH AIAAZKAAIAZ Poprog

Apaotnpiotnta Epyaciag

llepiypdgovrar avaAutik@ o T1p0TT0S  Kai Eéaurjvou
péBodor didaokaAiag. AIOAEEEIC KAl PPOVTIOTAPIA 52
AiaAééeg, Zeuivapia, Epyaarnpiakn MS)\éTI’] _ . 70
Aoknon, Acknon [Mediou, MeAém & | | Auo aTTAAAOKTIKEG TTPO0dOI (50% TOU 28

avaAuon  BiBAoypagias,  Ppovrioripio, | | BaBuou avd TTPO0d0)

MpakTikry (TomoBérnan), KAwvikri Aoknon,

KaAkitexviké ~ Epyaotnpio,  AiadpaoTikh
o16aokadia,  EKTTQIOEUTIKEG — ETTIOKEWEIS,

2UvoAo MaBruarog 150

Ekmoévnon peAémng (project), Zuyypaen
epyaoiag  /  epyaoiwv,  KalAirexvikn
dnuioupyia, K.Ar.

Avaypdgovral oI WPeS PEAETNG TOU @oITNTH
yia KGO pabnoiakn 6pacTnpIoTnTa Kabwg
Kal ol WPeS Un KaBodnyoUuevns HEAETNG
WOTE O OUVOAIKOS @OpTOS Epyaociag o€
emimedo  €éaunvou va avroroixei  oTa
standards rou ECTS

AZIOAOIMHZH ®OITHTQN




lMepiypaqn n¢ diadikaciag aéloAdynons

MNwooa Aé&loAdynong, MéBodoi
aéloAéynong, AiquopQwrikn n
Suumrepaouarikn, Aokiuacia  [MoAAamAng
EmiAoyng, Epwrnoeig 2uvroung

Amévrnong, Epwrnoeic Avarmruéng
Aokipiwv, EmiAuon lNpoBAnudrwy, parrr
Epyacia, Ek6eon / Avagpopd, [Npopopikn
Eé&éraon, Anuéoia lNapouaiaon,
Epyaormnpiakry Epyaoia, KAiviky Eééraon
AoBevoug, Kalhirexvikn Epunveia, AAn /
AMeg

Avagépovrai pnré  mpoodiopiouéva
Kpitipia agiloAdynong kai av kai mou &ivai
mpooBaaoiua amé TouS QOITNTES.

FAWooa eAANVIKN

O 1eNIKOG BaBUOG TOU PHOBANATOG TTPOKUTITEI ATTO:

50% a1ré TNV BabuoAdynon Twv duo TTPoddwv (evOIaueon
Kal TEAIKR TTp60d0¢G, ATTpiAio Kal loUvio). ZTnv TTEpITTwaon
QATTOTUXIOG Ol QOITATPIEG/POITNTEG e€eTAlovVTal €9’ OANG TNG
UANG 0TV €£eTOOTIKA TTEPIOOO TOU ZETTTEUPRPIOU.

5. ZYNIZTQMENH-BIBAIOTPA®IA

-Mporevéuevn BiBAioypagpia :

o T[lepiBaAdovTiky Xnueia - Oeguehiwdelg évvoleg, Jorge G. Ibanez et al., EmoTtnuovikn
empéleia Eupimmidng . Zte@dvou kai zuvepydreg, MavemoTnuiokég Ekdooeic KpAtng,

HpdkAeio 2016.

¢ Environmental Organic Chemistry, René P. Schwarzenbach, Philip M. Gschwend, Dieter
M. Imboden, 3rd edition, ISBN: 978-1-118-76723-8, November 2016, Wiley

e Aguatic Chemistry: Chemical Equilibria and Rates in Natural Waters, Werner Stumm,
James J. Morgan, 3rd Edition, ISBN: 978-0-471-51185-4, October 1995, Wiley

o Inueiwoelg diagaveieg diahé¢ewvtou Aiddokovtog (E. . Zte@dvou) avnptnuéveg oTov
IOTOTOTTO TOU YaBAUaTOC (http://www.chemistry.uoc.gr/xhm405/ )
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(1) GENERAL

COURSE OUTLINE

SCHOOL

SCHOOL OF SCIENCES AND ENGINEERING

ACADEMIC UNIT

DEPARTMENT OF CHEMISTRY

LEVEL OF STUDIES

UNDERGRADUATE

COURSE CODE

CHEM-405 | SEMESTER | 6

COURSE TITLE

Environmental Chemistry

INDEPENDENT TEACHING ACTIVITIES

if credits are awarded for separate components of the course, e.g. WEEKLY
lectures, laboratory exercises, etc. If the credits are awarded for the TEACHING CREDITS
whole of the course, give the weekly teaching hours and the total HOURS
credits
Lectures 4 6

Add rows if necessary. The organisation of teaching and the
teaching methods used are described in detail at (d).

COURSE TYPE

general background,

special background, specialised general
knowledge, skills development

Special background
Compulsory course

PREREQUISITE COURSES:

Basic knowledge of General, Organic and Physical

Chemistry
LANGUAGE OF INSTRUCTION | Greek
and EXAMINATIONS:
IS THE COURSE OFFERED TO | NO

ERASMUS STUDENTS

COURSE WEBSITE (URL)

http://www.chemistry.uoc.qr/xhm405/

(2) LEARNING OUTCOMES

Learning outcomes

The course learning outcomes, specific knowledge, skills and competences of an appropriate level, which the
students will acquire with the successful completion of the course are described.

Consult Appendix A

o Description of the level of learning outcomes for each qualifications cycle, according to the Qualifications
Framework of the European Higher Education Area

e Descriptors for Levels 6, 7 & 8 of the European Qualifications Framework for Lifelong Learning and Appendix B

e Guidelines for writing Learning Outcomes

The course of Environmental Chemistry aims to introduce the main background concepts of
the chemical processes occurring naturally in the atmosphere, the lithosphere and the
hydrosphere, as well as the effects of various pollutants on the environment. In the light of
Chemistry, the toxicity of the major pollutants, the treatment techniques and methods utilized,
to minimize and prevent environmental pollution will also be examined.

Students, after completing the course, will familiarize themselves with the following notions:
A) The natural cycles of elements and molecules in the environment.

B) The chemical reactions related to biogeochemical cycles.

C) The chemical reactions and processes related to pollutant toxicity and wastewater

treatment.

D) The methods of dealing with environmental pollution from chemicals with emphasis on

"Green Chemistry".

General Competences

Taking into consideration the general competences that the degree-holder must acquire (as these appear in the
Diploma Supplement and appear below), at which of the following does the course aim?

Search for, analysis and synthesis of data and

information, with the use of the necessary
technology

Adapting to new situations
Decision-making

Working independently

Project planning and management

Respect for difference and multiculturalism

Respect for the natural environment

Showing social, professional and ethical responsibility and
sensitivity to gender issues

Criticism and self-criticism
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Team work Production of free, creative and inductive thinking
Working in an international environment ...

Working in an interdisciplinary environment Others...

Production of new researchideas ...

e Search for, analysis and synthesis of data and information, with the use
of the necessary technology

Adapting to new situations

Working independently

Team work

Respect for natural environment

Production of new research ideas

(3) SYLLABUS

1. Introduction to Environmental Chemistry

1.1 Human influence on the environment

1.2 Units of geological time and the concept of «anthropocene»
1.3 Chemistry of natural processes

1.4 Chemistry of pollution processes

1.5 The importance of Environmental Chemistry

2. The fundamentals of Chemistry applied to environmental natural processes
2.1 Chemical equilibria: Distribution diagrams of chemical species

2.2 Acid-base reactions

2.3 Redox processes: Cycle and activity of electrons in the environment, pE & E, Nernst
equation, diagrams pE-pH (Pourbaix), pE-pH diagram for water.

3. Complexes and complex formation
3.1 Complexes and chelate effect
3.2 Chemical kinetics of metal complexe formation
3.3 Complexes of metal ions in natural waters

4. Chemical processes in the hydrosphere

4.1 Water cycle - Residence time of water in natural reservoirs

4.2 Processes that affect water composition

4.3 Categories of natural waters and their chemical composition

4.4 Interactions of water with air and sediments: Henry law, oxygen and carbon
dioxide

4.5 Processes that regulate the pH of natural waters: Alcalinity and basicity

4.6 Photosynthesis and the pH of natural waters

4.7 Calcium and other metal in natural waters

4.8 Redox reactions in natural waters

4.9 pE-pH diagrams (Pourbaix) of iron in natural waters and chlorine in drinking
water

4.10  Complex formation in natural waters

411  Photochemical reactions in natural waters

4.12  Heterogeneous processes - Phases interactions in natural waters: I. Gas
dissolution, II. Natural removal of species by physicochemical processes, lll.
Coloids, IV. Sorption processes

5. Analytical Environmental Chemistry




6. Biogeochemical Cycles
6.1 The water cycle
6.2 The hydrogen cycle
6.3 The carbon cycle
6.4 The oxygen cycle
6.5 The nitrogen cycle
6.6 The sulfur cycle
6.7 The phosphorus cycle
6.8 The cycle of iron

7. The Chemical Pollution

7.1 The phases of degradation of natural environment through anthropogenic
activities

7.2 Sources of chemical pollution: Conventional and non-conventional pollutants

7.3 Chemical pollution from anthropogenic organic chemicals

7.4 Evaluation of the fate of organic chemicals in the environment: Environmental
Organic Chemistry

7.5 Toxicology of chemical substances

8. Biological Treatment of Pollutants and Wastes
9. Chemical Treatment (Disinfection) of Water

10. Green Chemistry




11. TEACHING and LEARNING METHODS - EVALUATION

DELIVERY | Face to face (classroom)

Face-to-face, Distance learning, etc.

USE OF INFORMATION AND | » Electronic mail
COMMUNICATIONS | Departmental website-Study guide
TECHNOLOGY | » Classweb

Use of ICT in teaching, laboratory
education, communication with students

TEACHING METHODS Activity Semester workload
The manner and methods of teaching are
described in detail.

Lectures, seminars, laboratory practice, Lectures and exercises 52
fieldwork, study and analysis of | | Study 70
bibliography, tutorials, placements, clinical Midterm and final 28
practice, art workshop, interactive teaching, : :
educational visits, project, essay writing, examination
artistic creativity, etc.

Course total 150

The student's study hours for each learning
activity are given as well as the hours of
non-directed study according to the
principles of the ECTS

STUDENT PERFORMANCE

o EVALUATION | Greek language
Description of the evaluation procedure

Language of evaluation, methods of | 1Ne final mark for the course re;ults as follows: '
evaluation, summative or conclusive, | 50% of the midterm exam (April) and 50% of the final
multiple choice questionnaires, short- | exam (June). In case of failure the students will be then

answer questions, open-ended questions, | ayamined for all the course material in September
problem solving, written work, essay/report,

oral examination, public presentation,
laboratory work, clinical examination of
patient, art interpretation, other

Specifically-defined evaluation criteria are
given, and if and where they are accessible
to students.

12. ATTACHED BIBLIOGRAPHY

e Environmental Chemistry-Fundamentals, Ibanez, J.G., Hernandez-Esparza, M.,
Doria-Serrano, C., Fregoso-Infante, A., Singh, M.M., 2007, Springer (Translated
in Greek, Crete University Press, 2016)

e Environmental Organic Chemistry, René P. Schwarzenbach, Philip M. Gschwend,
Dieter M. Imboden, 3rd edition, ISBN: 978-1-118-76723-8, November 2016, Wiley

e Agquatic Chemistry: Chemical Equilibria and Rates in Natural Waters, Werner
Stumm, James J. Morgan, 3rd Edition, ISBN: 978-0-471-51185-4, October 1995,
Wiley

e Notes and ppt-slides of the course by the Tutor (E. G. Stephanou), to be
uploaded from http://www.chemistry.uoc.gr/xhm405/
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