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	MCHEM WORKSHOP
Development of the course
“Environmental processes” 
within new MSc programme in Environmental Chemistry
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Development of teaching material
	1. Pollutants and environmental compartments  

	(i) Physico-chemical properties of environmental compartments (air; water; soil)    Jelena Tričković

	The lecture content:
	Aims:
	Outcomes:

	1st part: Aerobic/anaerobic environments; chemical components; typical reactions of main components; biogeochemical cycles.
2nd part: focuses on topic gaps in knowledge from BSc courses
Content of the practical work:  General subject does not need specific practical work.
	[bookmark: _GoBack](i) To provide knowledge about main components and reactions taking place in each compartment
(ii) To provide questions to open discussion among students regarding stability/instability of chemical substances due to compartment conditions
	(i) students will know the main components of each compartment;
(ii) students will be able to predict  the possible chemical reactions in each compartment according to its composition

	(ii) Physico-chemical properties of pollutants and their influence on their behaviour in the environment   Jelena Tričković

	The lecture content:
	Aims:
	Outcomes:

	Vapour pressure – theoretical background, molecular interactions governing vapour pressure, availability of experimental vapour pressure data and estimation methods;
Activity coefficient and solubility in water – thermodynamic consideration, effect of temperature and solution composition on aqueous solubility and activity coefficients, availability of experimental data and estimation methods; 
Organic acids and bases –chemical structure and acidity constants, acidity constants and partitioning behaviour
Content of the practical work: Demonstrate partition of particular substance between liquids of different polarity, and between solid and liquid phase.
	(i) to provide overview of molecular properties of pollutants in the environment
(ii) To provide questions to initiate discussion among students regarding transformation/transportation of different pollutants subsequently their bioavailability.


	(i) students will be able to estimate relevant physico-chemical properties of pollutants and reactivities  from their molecular structure
students will be able to predict possible environmental behavior of pollutants


	2. Fundamental processes in soil, atmospheric and aquatic systems    

	(i) Ion exchange     Tatjana Anđelkovic

	The lecture content:
	Aims:
	Outcomes:

	environmental colloids; charge balance; specific adsorption (covalent interaction) vs. exchange (electrostatic interaction); electrical double layer; ion exchange selectivity

Content of the practical work:
Methods for estimation and prediction of vapour pressure, aqueous solubility and aqueous activity coefficients.

	(i) to provide overview of main concepts and terminology in ion-exchange processes (surface charge, pzc, CEC, AEC) 
(ii) to discuss possible soil environmental properties related to its ion-exchange capacity
	(i) students will be able to evaluate bioavailability/leaching of charged species from charged surfaces
(ii) students will be able to determine and discuss exchange capacity of soil due to its composition
Students will be able to predict possible environmental behavior of charged species due to clay/organic matter content of surface.

	(ii) Partitioning (adsorption and phase transfers)    Jelena tričković

	The lecture content:
	Aims:
	Outcomes:

	Partitioning – molecular interactions and thermodynamics, Air-organic solvent and air-water partitioning, Organic acids and bases: partitioning behaviour, Sorption processes – general introduction

Content of the practical work:
1. Using thermodynamic functions to quantify equilibrium partitioning (effect of temperature on equilibrium partitioning, LFERs to predict partition constants).

2. Using partition constants to assess the equilibrium distribution of organic compounds in multiphase systems.
	(i)to provide thermodynamic concepts of the partitioning of chemical compounds between gaseous, liquid and solid phases

	(i)students will be able to assess the  fate and behavior of chemical compounds in natural and engineered environment
(ii)students will be able to predict how the molecules will distribute among different environmental phases

	(iii) Chemical and biochemical changes  6 hrs,       Olivera Novitović
a. Hydrolysis
b. Redox reactions
c. Photo induced reactions     Ivan Juranić
d. Transition metal complexes 
e. Biochemical transformations  Jan Schwarzbauer

	The lecture content:
	Aims:
	Outcomes:

	A chemical change is a phenomenon quite different from a physical change. If liquid water boils or freezes (both of which are examples of a physical change resulting from physical processes), it is still water. Physical changes do not affect the internal composition of an item or items; a chemical change, on the other hand, occurs when the actual composition changes—that is, when one substance is transformed into another. Chemical change requires a chemical reaction, a process whereby the chemical properties of a substance are altered by a rearrangement of atoms.
Biogeochemical processes from soils affect the fate behaviour and bioavailability of metals and metalloids in soils.
Literature reveals the importance of biophysico-chemical processes of metals and metalloids in soil environments, and effect of light and other radiation sources.
Read more: http://www.answers.com/topic/nitrogen-cycle#ixzz1lci9t1yE

Content of the practical work: Bleaching of the materials exposed to light.
Monitor (by spectrophotometer) degradation of diclofenac in aqueous medium (with and without contact with soil).
Redox reactions mechanisms and examples on how to solve a problem (http://www.shodor.org/unchem/advanced/redox/index.html) 
The Hydrolysis of Salts in Water (http://www.chemteam.info/AcidBase/Hydrolysis.html) 

	(i) to provide overview of main concepts and terminology in chemical and biochemical changes.
(ii) to discuss possible soil, atmospheric and aquatic systems  environmental processes.
(iii) To discusses of biophysico-chemical processes of metals and metalloids in soil, atmospheric and aquatic systems.

	(i) students will be able to evaluate Hydrolysis,redox reactions, photo induced reactions, transition metal complexes and biochemical transformations.  
(ii) students will be able to determine and discuss about fundamentals of biotic and abiotic interactions of metals and metalloids with soil components” contain six chapters, which deal with:
           - impact of physico-chemical-biological interactions on metals and metalloid transformations in soils;
           - transformation and mobilization of metals, metalloids and radionuclides by microorganisms;
           - kinetics and mechanisms of sorption/desorption in soils;
           - spectroscopic techniques for studying metal-humic complexes in soil;
           - factors affecting the sorption-desorption of trace elements in soil;
           - modelling adsorption of metals and metalloids by soil components.

 (iii) students will be able to predict possible environmental behavior of charged species due to clay/organic matter content of surface Knowledge on the mechanisms and assessment of P-induced Pb immobilization in situ and water. Students will be able to predict possible ways of monitoring the process, and to assess the mechanisms of reactions in the soil, air and water.

	3. Partitioning of pollutants

	(i) Sorption involving organic matter (between air/soil and water /soil)    Tatjana Anđelković and Jelena tričković

	The lecture content:
	Aims:
	Outcomes:

	natural organic matter – compositions, forms, hydrophobic and hydrophilic compartments vs. adsorption and absorption processes; octanol-water partition coefficient; organic matter-water partition coefficient; molecular interpretation of solvent-water partitioning; chemical structure partitioning behaviour; air –water partitioning: the Henry's law constant

Content of the practical work:
Experimental – Determination of partition coefficient of chosen organic compound between sediment organic matter and water
	 (i) to provide overview of molecular interactions that govern phase transfer processes in the environment
(ii) to discuss partitioning behavior of a compound in the environment

	(i) students will be able to evaluate compound partitioning between water, dissolved organic matter, and sediment organic matter based on physico-chemical properties of compounds
(ii) students will be able to estimate partition constants on the basis of compound's chemical structure and physico-chemical properties

	(ii) Sorption involving inorganic matter (between air/soil and water /soil)  2 hrs  Tatjana Anđelković and Jelena Tričković

	The lecture content:
	Aims:
	Outcomes:

	The lecture content: mineral surfaces; surface mineral groups; surface complexes; double layer theory; sorption of neutral organic chemicals to polar mineral surfaces,  molecular interpretation of solvent-water partitioning; chemical structure partitioning behaviour; air –water partitioning: the Henry's law constant
Content of the practical work:
	(i) to provide overview of molecular interactions that govern phase transfer processes in the environment
(ii) to discuss partitioning behavior of a compound in the environment

	(i) students will be able to evaluate compound partitioning between water and mineral matter of sediments
(ii) students will be able to estimate partition constants on the basis of solute's chemical structure and physico-chemical properties

	(iii) Sorption in living media (bioavailability) 2 hrs     Tatjana Anđelković, Jelena Tričković

	The lecture content:
	Aims:
	Outcomes:

	Biavailability; Bioaccumulation; Biomagnification; bioacumulation of organic compounds including POPs in fish and organisms; internal and external concentration; concept for the assessment of bioaccumulation and biomagnification via food web.

Content of the practical work:
Experimental – Determination of bioavailability of organic compounds using chemical methods (SPE method)
	(i) to provide overview and terminology in sorption in living media (Biavailability; Bioaccumulation; Biomagnification)
(ii) to asses bioaccumulation and biomagnification via food web.
	 students will be able to evaluate bioavailability and bioaccumulation potential of chosen pollutants based on their physico-chemical properties and environmental conditions.

	4. Pollutant transport (migration)

	(i) Hydrocarbon migration  2 hrs Branimir Jovančićević

	The lecture content:
	Aims:
	Outcomes:

	Hydrocarbons in geosphere (bitumen, inherited bitumen, petroleum), source and reservoir rocks, primary and secondary migration and accumulation
Content of the practical work:

Outcomes: 	 
	(i) to give students basic information about forming of hydrocarbons in sediments and moving them from the generation place to the current place
	(ii) to discuss changes of hydrocarbons during the migration and making the connection between these changes and the process of migration
	(i) students will be able to understand the nature and main characteristics of hydrocarbon migration processes

	(ii) POPs migration  2hrs  Josef Časlavsky 

	The lecture content:
	Aims:
	Outcomes:

	Basic physical-chemical properties of pollutants relevant for pollutants transport; migration mechanisms in air, water, soil; global distribution of pollutants Content of the practical work.
Content of the practical work:
ims:
	(i) to give students basic information about pollutants properties relevant for their possible transport 
(ii) to discuss mechanisms of pollutants migration in local scale as well as those of long range transport of pollutants
	(i) students will be able to evaluate on the base of compound properties its ability for long-range transport

	(iii) Heavy metals migration   3 hrs Olivera Novitović 

	The lecture content:
	Aims:
	Outcomes:

	Heavy metals in the environment as general; interactions of heavy metals in ground and surface waters and recent sediments including soil.  
Content of the practical work: Transport of heavy metals in the environment: examples and mechanisms (http://www.gfredlee.com/hydox.html )
	(i) to understand the distribution of heavy metals in the environment and possibilities of their migration between environmental compartments 
(ii) to discuss possibilities for contact of heavy metals and man.
	(i)  Students will be able on the basis of theoretical knowledge to solve some practical problems related with the occurrence of heavy metals in the environment.

	(iv) Organic matter migration through sediments with water 2 hrs Branimir Jovančićević

	The lecture content:
	Aims:
	Outcomes:

	Migration as (1) true solution of organic matter in water; (2) colloid solution and (3)  migration of organic matter as droplets or globules and as a continuous organic phase
Content of the practical work:
	(i) to give students basic information about interactions between organic matter and water.
 (ii) to get the  knowledge that significant migration is possible only in the presence of water
	(i) students will be able to understand one of the most important type of interactions in sediments

	(v) Organic matter migration through sediments without water  2 hrs Branimir Jovančićević 

	The lecture content:
	Aims:
	Outcomes:

	The composition of soluble organic matter in sediments and its related physical characteristics (e.g. fluidity). Interactions of organic – inorganic sediment matter.
Content of the practical work:
	(i) to give students basic information about relationship between chemical composition and physical characteristics.
	(i) students will be able to understand connection between different types of materials

	5. Thermodynamic, kinetics and pathways of transformation reactions

	(i) Reactions with photo-oxidants in natural waters  2 hrs Branimir Jovančićević, Ivan Juranić

	The lecture content:
	Aims:
	Outcomes:

	Reactions involving intermediates produced by radiation: Pollutant Degradation by Ultraviolet Photolysis; Hydroxyl Radical Generation; Ozone/UV Process; O3/H2O2/UV Process; TiO2/UV Process; Vacuum Ultraviolet (VUV) Process;  Photochemical Electron-Transfer Processes; Energy-Transfer Processes. 
Content of the practical work: Detection of hydrogen peroxide in water in contact with titanium dioxide during exposure to daylight
	(i)To make students familiar with everyday’s involvement of light in the promotion of the transformation of pollutants. 
(ii)To demonstrate the role of light in decay of the artifacts pollutants, in the presence of the light.

	(i) Students become aware of everyday’s involvement of light in the promotion of the transformation of pollutants. 
(ii)To demonstrate the role of light in decay of the artifacts, and pollutants, in the presence of the light.


	(ii) Petroleum transformations  2 hrs Branimir Jovančićević

	The lecture content:
	Aims:
	Outcomes:

	Petroleum transformation in reservoir rocks (as a native matter); petroleum transformation in the environment (as an anthropogenic  matter) Content of the practical work:
Content of the practical work:
	(i) to give students basic knowledge about biodegradation, water washing, cracking and processes of deasphalting in reservoir rocks   
	(ii) to give students deep knowledge about main type of petroleum transformations including at the first place biodegradation and using biodegradation in the process of remediation (bioremediation).

	(i) students will be able to understand that one of natural processes can be used in the environment protection (bioremediation)
(ii) students will be able to estimate in which cases some remediation processes can be useful in the environment cleaning and in which cases human activities for cleaning are not enough

	(iii) POPs transformations  2hrs  Josef Časlavsky 

	The lecture content:
	Aims:
	Outcomes:

	The lecture content: Mechanisms and kinetic aspects of pollutants transformation reactions in environmental compartments (light-induced transformations, hydrolysis, biodegradation); examples of important transformation pathways Content of the practical work:
Content of the practical work:
	i) to give students overview of important mechanisms and pathways of pollutants transformation in environmental compartments  
(ii) to discuss thermodynamic and kinetic aspect of pollutant transformation with extension to practical applications
	(i) students will be able to understand the principles and pathways of pollutant transformations
	(ii) students will be able to estimate potential transformation pathways  of most common transformation reactions of standard and new types of pollutants and predict possible transformation products

	(iv) Heavy metal transformations – speciation  2hrs  Olivera Novitović

	The lecture content:
	Aims:
	Outcomes:

	Sources of heavy metals, their compounds and dependence of the oxidation state and type of anions for their transformations. 
Content of the practical work: Heavy metal transformation: examples and mechanisms (http://www.sciencedirect.com/science/article/pii/S0304389412008436 )
Cr III and Cr VI examples (http://www.sciencedirect.com/science/article/pii/S0304389400003010)
	(i) To provide an overview of heavy metals’ transformations and their thermodynamic and kinetic processes in the environment
	(i)students will be able to interpret dependence of heavy metals state  and intensity of transformations

	(v) Transformation during exploitation, storage and use  3 hrs Branimir Jovančićević, Stephen Leharne 

	The lecture content:
	Aims:
	Outcomes:

	Exploitation of oil at oil fields and related transformation. The way of crude oil storage at oil fields and oil and oil products storage in refineries. Transformation of petroleum during use. Content of the practical work:

Content of the practical work:
	(i) to give students basic knowledge about construction of oil fields and transport of crude oil to refineries and factors influencing the transformation during storage   
(ii) to give students knowledge of transformation of gasoline to final gas products
	(i) students will be able to understand that investigation of petroleum type pollutants fate in the environment is one of the most important tasks in environmental chemistry

	6. [bookmark: 3.3_Modelling_aquatic_processes]Modelling environmental processes

	(i) Kinetic and equilibrium (quasi-thermodynamic) modelling  2 hrs  Jelena Tričković, Ivana Ivančev-Tumbas

	The lecture content:
	Aims:
	Outcomes:

	Kinetic of adsorption. Mass balance equations. External mass transfer. Internal mass transfer. Application of transport models – pore and surface diffusion models. Single and multicomponent systems. Competitive adsorption.

Content of practical work:
1. Data analysis of kinetic and adsorption equilibrium data using Excel.
2. Selection of appropriate kinetic and isotherm models using commercial software.
3. Introduction to box models (one box model).
	(i) To provide overview of mathematical models describing adsorption kinetics and equilibrium
(ii) To develop skills for data handling and analysis
	(i) Students will be able to predict adsorption kinetics, estimate diffusion coefficients using simple models
(ii) Students will be able to select appropriate isotherm based on adsorption data

	[bookmark: 3.4_Estimating_phase_distribution_of_con](ii)  Estimating phase distribution of contaminants in model worlds 4hrs  Josef Časlavsky 

	The lecture content:
	Aims:
	Outcomes:

	Description of transport mechanisms of pollutants between environmental compartments (diffusion, dispersion, advection); Definition of fugacity; Multi-media fugacity models (level I, II, III); Content of the practical work:

Content of the practical work:
1. Transport in porous media.
Transport through boundaries (bottleneck/wall and diffusive boundaries)
	 (i) to provide overview of main transport mechanisms in all environmental compartments 
(ii) to give information about methods of estimation of distribution of pollutants in the  environment  	

	(i) students will be able to estimate main transport mechanisms of real pollutants on the base of their physical-chemical properties 
	(ii) students will be able to estimate the distribution of pollutants in the environment on the base of environmental models
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