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 1. Goals of the course
Graduating student should:

- know the theoretical basics of determination of nature water components;

- process statistically the experimental results;

- select and preserve subsamples;

- know modern analysis technique;

 - know ecoanalytical instruments, portable devices, express-procedures;
- relate results obtained with limited permissible concentrations and estimate the water quality;
- pick up the method of uranium concentration detection by means fluorescence; 

-pick up the method of mercury detection by  means of cold-vapor technique. 
2. Course placement in the structure of Educational program
“Methods of research material composition of natural objects” refers to professional courses of Double Degree program, (DD16) and is based on mastered knowledge and skills, obtained in line with studying of mathematical, natural-science and professional groups (“Chemistry and environment”, “Analytical chemistry”, “Physics”, “Geology”, “Basis of mineralogy and petrography”). 
Corequisits for the course “Research methods of the natural environment material constitution” are elective courses for Paris-11 University students: DD40.3 “Determination and analysis of pollutants and radiopollutants”,  DD22 “Nuclear- physical methods of radioactivity and radioactive elements investigation”, DD44.1 “Biogeochemistry, chemistry of pollutants and toxicochemistry”. 
Prerequisits for the course “Research methods of the natural environment material constitution” are special courses: DD18 “Medical geology”, DD 28.1 “Radioecology” and elective courses: DD36.1 “Chemistry and environment”, DD39.2.1 “Ecology of soils”, DD36.3.1 “Nuclear physics and application”. 
3. Results of the course studying 
Have studied “Methods of research material composition of natural objects” a master should know the basic modern methods of studying of material constitution and elemental composition of natural objects, basic physics of methods, equipment and studied methods.  
A master should be able :
- to chose the methods in line with solving problem;

- to carry out sampling preparation correctly;

- to analyze obtained results by complex methods.

A master should be master of methods, applied at Geoecology and Geochemistry Department and studied during the process of the laboratory works.  
During the process of this course masters gain knowledge, skills and experience in line with the results of Educational programs. The results of the course studying “Methods of research material composition of natural objects” correspond to formed competences of Educational program are shown in the table.   
	Code of result 
	Results of the course mastering  

	Professional competences 

	Р1
	To apply deep basic and special, natural-science and professional knowledge in professional activity for solving problems: firstly, in line with minimization of negative influence on environment, and secondly, in line with conservation 

	Р2
	According to International programs graduates should have skills to develop nature-conservative measures, practical recommendations in line with protection of nature and support of sustainable development, assess planned activities influence on environment, diagnose problems of nature protection.  

	Р4
	Efficiently to work individually and as a member or  team manager if the group consists of different specialists including foreign specialists, and also to demonstrate responsibility for results and readiness to comply with corporate culture of organization.   

	Р7
	To study independent and to improve professional skill during all period of professional activity. 


*Decoding of study results and formed competence codes is presented in Educational Program in line with specialization 022000 “Ecology and nature management”, major “Ecological environmental problems”
4. Course structure and content
4.1. Course unit content
Theme 1 Hydrochemical indexes of water quality. Integrated indexes of water quality. Mineralization. Electrical conductivity. Temperature. Suspended substances (dispersed impurities). Organoleptic surveillance. Hydrogen index (pH). The redox potential (Eh). Acidity. Alkalinity. 1.1.10 Dissolved oxygen. Hardness. Permanganate and bichromatic oxidability. Biochemical oxygen consumption

Theme 2 Inorganic substances in water systems. Calcium, Magnesium, Silicon, Carbon, total Nitrogen, total Phosphorus, sulphur Compounds, Sodium, Potassium, Fluorine, Chlorine, Bromine, Iodine, Boron, Cyanides, Thiocyanates (iodine), Strontium, Aluminum, Titanium, Heavy metals

Theme 3 The organic substances in the water systems. Organic carbon. Hydrocarbons (petroleum products). Phenols. Alcohols. Organic acids. Nitrogen organic. Sulfur organic. Carbonyl compounds. Acetone. Formaldehyde. Carbohydrates. Fats. Synthetic surface-active agents (surfactants). Resinous substances. Tanning substances. Water-soluble sulphate lignin. Organochlorine compounds. Pesticide.
Theme 4 Instrumental methods of water analysis. Classification of Instrumental Techniques. Electrochemical methods of analysis. Electrochemical methods of analysis. Potentiometry. Ion selective electrodes. Optical methods of analysis. Chromatographic analysis.
Theme 5 Gas chromatography-mass spectrometry. Using of the mass-spectrometry method with inductively coupled plasma in elemental analysis of environmental objects.
Theme 6 The methods for preconcentration and determination of heavy metals in natural water. The principal methods of preconcentration of heavy metals in the analysis of natural waterare evaporation, solvent extraction and sorption techniques. Examples of heavy metals determination methods in natural waters with preconcentration.
Theme 7 Uranium in drinking and natural water and the methods of determination. The uranium compounds in nature. Analytical methods. Fluorescent method of analysis. Fluorat-02-panorama spectrofluorometer. 
Theme 8 Mercury in natural water and the methods of determination. 
4.2. The structure of the course in line with units and forms of organization of teaching process 
	№ п/п
	Unit/theme name 
	Class  hours 
	Independent

(hour)
	Written test 
	Total 

	
	
	Lectures 
	Laboratory work 
	
	
	

	1
	Hydrochemical indexes of water quality
	2
	
	2
	Short meeting
	4

	2
	Inorganic substances in water systems
	2
	2
	4
	Short meeting 
	8

	3
	The organic substances in the water systems
	2
	
	2
	Short meeting. The lab work report.       
	4

	4
	Instrumental methods of water analysis
	2
	2
	4
	Short meeting. The lab work report.      
	8

	5
	Gas chromatography-mass spectrometry
	2
	
	2
	Short meeting. The lab work report.     
	4

	6
	The methods for preconcentration and determination of heavy metals in natural water
	2
	2
	4
	Short meeting. The lab work report.    
	8

	7
	Uranium in drinking and natural water and the methods of determination
	2
	
	2
	Short meeting 
	4

	8
	Mercury in natural water and the methods of determination
	2
	2
	4
	Short meeting. The lab work report.   
	8

	
	Total
	16
	8
	24 
	exam
	48


5. Educational technologies
The following combinations of educational work types with the methods and forms of masters’ cognitive activity are used to achieve scheduled results and to form competences in the process of course studying.  
Teaching methods and forms
	Methods of activity energizing 
	Teaching forms 

	
	Lectures 
	Laboratory work 
	Independent 
	

	Discussion 
	х
	х
	
	

	IT- methods 
	х
	
	х
	

	Team work
	
	х
	х
	

	Advance independent
	х
	х
	х
	

	Individual teaching 
	
	х
	х
	

	Empiric teaching 
	х
	х
	
	

	Problem teaching 
	
	х
	х
	

	Searching method 
	
	
	х
	

	Research method
	
	х
	х
	


The following means, methods and organizational arrangement are realized to achieve the aim of the course teaching:  
- studying of theoretical materials at the lectures with a help of IT-technologies;
· independent studying of course theoretical materials using Internet resources, tutorials, academic books and scientific literature;
· quick check of theoretical material when carrying out the laboratory works using map materials and descriptive materials, atlases, specific literature, when carrying out problem-oriented individual tasks. 
6. Courseware of independent work
6.1. Current independent work is directed to extend knowledge and reinforcement of learning and also to the development of practical skills.  
Current  independent work includes the following types of work:

· work with lecture’s materials, literature search and analysis, search of electronic sources of information connected with determinate problem;                  

            – reading for test works and written tests;

· studying of themes submitted to independent study;

· studying of collection to carry out laboratory works;

· reading for exams.
6.2. Creative problem-oriented independent work is directed to the development of intellectual skills, the sum total of the cross functional (cultural) and professional competences, the improvement of students’ creative potential and it consists in search, analysis and presentation of materials connected with the themes of library-research papers.  
6.2.1. List of the themes for independent work:

1 Application of inverse voltamperometry method for heavy metals detection in extremely low concentrations

2 New methods for preconcentration and determination of heavy metals in natural water .

3 Using of the mass-spectrometry method with inductively coupled plasma in elemental analysis of environmental objects.

4 Comparison of spectroscopic and potenciometric methods in fluorine detection in natural water

5 The possibilities of electrophoresis (electromigration chromatography) in analysis of water samples.

6 Review of modern methods of mercury detection in water: advantages and disadvantages

7 Applications of potentiometry, conductometry, voltametry, and colometry.

8 Determination of phenol by fluorescence

9 Types of water pollutants and detection teqniques
10 Surface spectroscopic techniques, electron spectroscopy and ion spectroscopy
7. Current and final quality rating of the course

The master’s knowledge monitoring is carried out with two forms: current check and final check.

In result of current check a master is taught to work systematically and it allows to determine a level of theoretical material learning.   It is carried out with written tests and test paper. Assessment of knowledge under current check is carried out in line with the course rating – plan. 
Final control is carried out in line with teaching plan:

3-d term  – test.

7.1. The questions of current tests 
The current test is carried out as a written test (1 hour) at the end of the term. The aim of the current test is to check review. 

1. Explain the terms associated with instrumental analysis.

2. Give a list of instruments which is listed under spectroscopy.

3. Is it possible to select an appropriate technique for the analysis based on the physical property to be measured?

4. Do you think Instrumental analysis helps to estimate various pollutants in an effluent sample?

5. You should understand the processes of fluorescence and phosphorescence, and which properties of a molecule make it likely to be photoluminescent. You should also be aware of the various ways in which an excited molecule can return to the ground state without emission of radiation.

6. Why is chemiluminescence spectroscopy a highly selective, sensitive and simple technique? 

7. How common are chemiluminescent reactions? 
8. Is the emitted radiation measured against a noisy background?

9. Which metal acts inert thereby it is used in electrode construction? (ion selective electrodes)

10. What is the difference between ordinary electrode and ion selective electrodes?
11. How will perform an experiment to determine the pH of given dyeing industry effluent?

12. What are the main advantages of the technique gas chromatography?

13. You should now be aware of why molecules absorb radiation in the UV and visible light regions, and why absorption spectra look the way they do.

14. After a short quiz, we will be considering the practical aspects of UV - Vis. spectroscopy, and looking at the instrumentation needed to perform this technique.

15. Electrochemical methods for analysis, electrochemical cells, types of electrodes, electrode potentials.

16. Basic principles and applications of UV-Visible spectrometry

7.2. Examples of exam questions
1. Studying methods of the natural objects phase composition.

2. Studying methods of the natural objects element composition.

3. Qualitative and quantitative methods of analysis. 
4. Classification of the investigation methods.
5. Atomic-emission spectrometry with inductively coupled plasma.
6. Validity of analysis results.

7. Basic metrological characteristics of analytical works. 

8. Mass-spectrometry with inductively coupled plasma.

9. Optical methods of substance studying. 

10. Microchemical reactions. 

11. Roentgen fluorescent spectral analysis.
12. Atomic-absorption analysis.

13. Radiographic methods.
14. Spectral methods.

15. Basic components of natural waters by natural and anthropogenic origin. 

16. Classification of ecoanalytical monitoring methods. 
17. Water sampling rules. Choice of place sampling.

18. General information about water objects. Water objects classification.
19. Primary standards, guideline, natural water quality metrics. Standard documentation used for water sampling and analysis. 
20. Classification of methods of natural water analysis. Essence of physical, chemical, physical-chemical, hybrid and other methods of analysis. 
21. Quantitative analysis. Determination of cations and anions in natural waters.

22. Methods of hydrocarbons determination in atmospheric air.

23. Potentiometry. Determination of pH value. 

24. Determination of water hardness. Essence of method. 
25. Photocolorimetric methods of analysis.
26. Calcium ion determination in natural waters. Essence of method. 

27. Chromatographic methods used in polluted water analysis. 
28. Chloride-ions determination in natural waters. Essence of method. 


29. Determination of hydrocarbonates in natural waters. Essence of method.
30. Methods of hydrogen sulfide and sulphur oxide determination in atmospheric air.

31. Basic pollutants of natural waters.

32. Atmospheric air sampling and sample preparation for analysis. 

33. Water sampling for analysis. Making up a water sample certificate.  
34. Methods of lead determination in natural waters.

35. Basic components of natural waters by natural and anthropogenic origin. 

36. Standardization of natural waters quality.

37. Pollutants by anthropogenic origin in natural waters.

38. Methods of heavy metals determination in natural waters.

39. Application of inversion voltamperometry (polarography) in natural water analysis. 

40. Organoleptic characteristics of water and their determination.

8. Rating of quality of the course learning 
According to rating system* current test is carried out monthly during the term by score of quality of theoretical material. Current test is carried out by a short written quiz in accordance with last materials and practice results before the beginning of the lecture. The exam is carried out by score. The final control of the course learning is made up of score including current control (50 points) and the term test (50 points).   Maximum score – 100.

9. Educative-methodical and information support of the course
Literature
Basic
1. Method for determination of concentration of uranium in natural, potable and waste waters by fluorimetry using Fluorat-02 analyzer
2. EPA 245.1 Determination of Mercury in Water by Cold Vapor Atomic Absorption Spectrometry

3. EPA 245.2 Mercury (Automated Cold Vapor Technique)

4. ISO 12846:2012 Water quality - Determination of mercury - Method using atomic absorption spectrometry (AAS) with and without enrichment 

5. Afanasiev Yu.A., Fomin S.A. Monitoring methods of environment. Tutorial in 2 parts. Part 1.  –М.,МНЭПУ,1998. - 208 p.

6. Lurie  Yu.Yu.  Unified methods of water analysis.- М., Chemistry, 1973. –376 p. 

7. Novikov Yu.V., Lastochkina К.О., Boldina Z.N. Methods of water quality investigation in basin. Моscow, Medicine, 1990 – 400 p.

8. Physical - chemical methods of analysis. / Edited by V.B. Aleskovskyi. – L.: Chemistry, 1988. -376 p.

9. Fomin G.S. Water. International standards of monitoring of chemical, bacteriological and radiation safety. Encyclopaedic reference book. М., 1995. – 620 p.

10. Uranium in Drinking-water Background document for development of WHO Guidelines for Drinking-water Quality WHO/SDE/WSH/03.04/118

11. Zarubina  R.F., Copilova Yu.G. The analysis and improvement of the quality of natural water.  – 2 parts. – Part 1. -  Analysis and evaluation of the quality of natural waters: textbook / Zarubina R.F., Kopylova YU.G.. - Tomsk: Izd-vo Tomsk Polytechnic University, 2007. – 168 p.

12. Physical-chemical  methods of analysis : textbook / N. M. Dubova [et al.] ; Tomsk Polytechnic University (TPU), the Institute of distance education (IDE). - Tomsk : Izd-vo TPU, 1999. - 122 p.

13. Dubova N. Analytical chemistry and physical-chemical methods of analysis : textbook: in 2 hours. / N. M. Dubova, T. M. Гиндуллина, E. And. Korotkova ; national research Tomsk Polytechnic University (TPU), the Institute of distance education (IDE). - Tomsk : Izd-vo TPU, 2011..

14. Physical-chemical methods of research and analysis : textbook / E. And. Korotkova [et al.]; National research Tomsk Polytechnic University (TPU). - Tomsk : Izd-vo TPU, 2011. - 167 p

15. Environmental  sciences. instrumental methods of analysis – http://www.clicktoconvert.com
16. Dobrolyubskaya T.S. Fluorescent methods for determination of uranium /Academy of Sciences of the USSR. – M.: Nauka, 1968. – 95p.

17. Vinogradov A.P. Analytical chemistry of uranium / Academy of Sciences of the USSR. – M.: Nauka, 1962. – 431p.

18. Laperdina T.G. Determination of Hg in natural water – Novosibirsk : Nauka, 2000. – 222 p.

19. ICP Mass Spectrometry Handbook / Ed. S. M. Nelms. – Oxford (UK), Carlton (Australia): Blackwell Publishing Ltd, CRC Press, 2005. – 485 p.

Supplementary
1. New methods for preconcentration and determination of heavy metals in natural water Yu.A. Zolotov, G.I. Malofeeva, O.M. Petrukhin and A.R. Timerbaev // Pure & Appl Chem., 1987.– Vol. 59, No. 4, pp. 497—504. 

2. Titayev Н.А. Nuclear Geochemistry. / Moscow state University, 2000.– 336 p.

3. Ivanov V.V. Environmental Geochemistry of elements. Book 6. Rare f-elements – M.: Ecology, 1997. – 607 p.

4. Shvarcev S.L. Hydrogeochemistry of the supergene zone. – M., Nedra, 1998 – 366 p.

5. Arbuzov S.I, Rikhvanov L.P. Geochemistry of radioactive elements. – Tomsk, 2009. – 315p. 

6. Guskova V.N. Uranium. Radiation-hygienic characteristics, M., 1972. –311 p. 

7. Karandashev V.K., Turanov A.N. and others. Using of the mass-spectrometry method with inductively coupled plasma in elemental analysis of environmental objects / Factory laboratory. Diagnostics of materials» - 2007. – № 1. The 73 – рр. 12–22

10. Logistic support 

It includes literature (which are at the department and library) and also the ore mineral collection, schlich forming minerals, spectrogram, diffraction patterns, thermograms. There are up-to-date microscopes ПОЛАМ and Axioskop 40 A, which allow investigate sections, polished sections in transmitted light and reflected light at the department. There are also binocular stereoscopic microscopes, Leica EZ4D for substance studying in sidelight, luminescent devices, X-ray structure apparatus ДРОН-3М, laser microanalyzer  LMA-10  for spectral analysis at the department. There are two computer classrooms. In addition there is an electron microscope Hitachi S3400N for substance microstructure diagnostics, laboratory alpha-spectometry OPTEC OCTPL-U0450, electronic balance GH-120X0.1 mg, GF-210X0.001 g, spectrophotometer “Флюорат-02 Панорама” with attachment “Крио-2”, chromatograph “Хроматэкс-Кристалл 5000”, mercury analyzer РА-915+. There is also “Nuclear-geochemical laboratory”. 
Lectures are supported by demonstration of multimedia materials. 
Program is made on the base of standard Educational Program TPU according to Federal State educational Standard of High professional Education and Educational Double Degree  Program,  specialization 022000 “Ecology and nature management”, major: “Ecological environmental problems” (degree qualification – master). 
Program is approved at the Geoecology and Geochemistry department, Institute of natural resources

(protocol № ____ from «___» _______ 2011 yr.).
Authors:
Osipova N.A., 
Rating-plan of the course “Methods of material composition research of natural objects” (Part 2. Water) for Paris-11 University students

master degree program “Ecological environmental problems” 
	 

 

 Weeks
	              Current test
	 

	
	Theoretical material
	Laboratory works
	Total

	
	Units
	Points
	Laboratory work reports
	Points
	10

	1-2
	1-2
	6
	Laboratory work  № 1


	10
	

	3-4
	3-4
	4
	
	
	10

	5-6
	5-6
	6
	Laboratory work  № 2

	10
	10

	7-8
	7-8
	4
	
	
	10

	Score in term
	20
	 
	20
	40

	Score in exam
	
	
	
	30


In line with the course 2 credits and 70 points are given, they are allocated in the following way: 

- current test (lectures, laboratory works, written test) – 40 points, 

-exam – 30 points.
According to rating system current test is carried out monthly during the term by score of quality of theoretical material. Current test is carried out by a short written quiz in accordance with last materials and practice results before the beginning of the lecture. The exam is carried out by score. The final control of the course learning is made up of score including current control (40 points) and the term test (30 points).   Maximum score – 70.
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