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MASTER’S PROGRAMME IN RADIOCHEMISTRY 

The Laboratory of Radiochemistry offers instruction in most aspects of radiochemistry. Students may pursue the Master’s programme in radiochemistry (120 credits). Some courses in radiochemistry are also included in the Bachelor’s programme in chemistry which has to be completed prior to master’s studies.  In the autumn term of the first master’s study year, students complete two courses in basic radiochemistry and a course in radiation safety. In the spring term, they have two compulsory courses: the analytical chemistry of radionuclides and the detection and measurement of radiation. The students choose at least three optional courses during the first and the second year, and they embark on a five-month project and write a Master’s thesis (40 credits) during the second year. The Master’s programme in radiochemistry usually lasts between two and three years, and it concludes with a final examination (7 credits). An average of five students pursue the Master’s programme at the Laboratory each year. In addition, the Laboratory provides instruction annually to more than 100 other students from various branches of chemistry and natural sciences; the courses in basic radiochemistry, radiation safety, environmental radioactivity and tracer techniques are particularly popular. The Master’s programme in radiochemistry includes 80 credits of studies in radiochemistry and 40 credits of studies in other fields of chemistry and in mathematics, physics, computer science, geology, languages, etc. 

DEGREE REQUIREMENTS IN RADIOCHEMISTRY

Before being admitted to pursue the Master’s programme in radiochemistry, students must complete the Bachelor’s programme in chemistry (180 credits). 

Master’s programme in radiochemistry (120 CREDITS)

1. Major subject studies (83-84 credits)

Compulsory studies (71-75 credits)

Basic radiochemistry (4 credits)


Basic radiochemistry exercises (4 credits)


Radiation safety (3 credits)

Detection and measurement of radiation (7 credits)
Chemistry and analysis of radionuclides (7 credits)

Advanced laboratory work in radiochemistry (3 credits)

Master’s thesis  (40 credits)

Final examination (7 credits)

Optional studies (9-12 credits)

Environmental radioactivity (3 credits) 

Chemistry of the nuclear fuel cycle (3 credits)

Chemistry of radiopharmaceuticals (3 credits)

Radiation chemistry (3 credits)

Tracer techniques (3 credits)

Atmospheric radioactivity (3 credits)

Chemistry of the final disposal of spent nuclear fuel (3 credits)

2. Other studies (36-37 credits)

Personal study plan (1 credit)

Elective studies (max. 35-36 credits)

COURSE DESCRIPTIONS

BASIC RADIOCHEMISTRY 
Basic radiochemistry is a compulsory lecture course (4 credits) for students in the Master’s programme in radiochemistry. The course is given each year in September-October. 

The lectures (16 x 2 hours) focus on the following topics:

· The history of the phenomenon of radioactivity (the discovery of radioactive elements and finding out the structure of the atom)

· Basic concepts relating to radioactivity (the structure of the atom and the nucleus, nuclides, isotopes, activity)

· Factors that affect the stability of an atom’s nucleus (the shell model of the atom, the liquid drop model and the shell model of the nucleus, mass defect/binding energy)

· Classification of radionuclides (natural and artificial radionuclides)

· Types of radioactive decay (fission, alpha decay, beta decay, gamma decay and special cases)

· Radioactive decay rate and statistics (rate equation, Poisson distribution)

· Basic principles of radioactivity measurement techniques (gas ionisation/GM tube, fluorescence/liquid scintillation counting, activity measurement and related errors)

· Interaction of radiation with the medium (radiation range, interaction mechanisms: ionisation, excitation, photoelectric effect, bremsstrahlung, scattering, etc.)

· Nuclear reactions (transmutation, fission, fusion, the energetics and kinetics of nuclear reactions)

· Production of radionuclides and the separation of isotopes (particle accelerators, reactors, nuclide generators, radionuclide and radiochemical purity, basic principles of isotope separation, analytical separation techniques, industrial separation technologies: chemical isotope exchange, electromagnetic separation, membrane diffusion, gas centrifugation)

· Radiation measurement (counting efficiency and its determinants, pulse counting and energy spectroscopy, basic components of measuring instruments, energy resolution, solid scintillator detectors and semiconductor detectors, energy calibration, special features of the gamma spectrum, autoradiography and its applications)

· Radiochemical separation techniques and their reliability (low doses, use of a carrier, radiolysis, hot atoms, precipitation, ion exchange, extraction chromatography, yield determination, the chemical forms of radionuclides and their determination, sample handling)

· Nuclear fuel cycle, nuclear reactor types, final disposal of nuclear waste

After the lectures the students take an examination. A English language course book (J.Lehto, Basic Radiochemistry) is available to the participants on the course website. Course material in English can be requested from the lecturer. Over the past few years, about 60 students have taken the Basic radiochemistry I course each year.
RADIATION SAFETY  

The course in radiation safety (2 credits) provides students with the skills needed to handle radioactive substances safely. In their later employment, the students may come across radioactive substances used as tracers in the fields of biology, medicine and chemistry and in various industrial measurement and imaging applications. The handling of radioactive substances is governed by regulations and instructions, such as acts, decrees and the instructions issued by the Radiation and Nuclear Safety Authority of Finland. The course in radiation safety, as well as the examination which provides the students with the qualification of a radiation safety officer, is compulsory for students in the Master’s programme in radiochemistry.
The course work includes five lectures which focus on types of radiation, the assessment of radiation doses, the biological impacts of radiation, correct working methods, waste management, radiation legislation, etc. At the start of the lecture series, the students are given a selection of exercises to complete as the lectures progress. The correct answers are discussed at the end of the lecture series in a separate lecture and are posted on the course website. The lectures and the exercises are followed by a two-part practical exercise which is to be completed during a single working day. The first part of this exercise involves practising the use of radiation meters, while the second part involves handling radioactive solutions. Students report on the exercise using a form provided to them.

Completing the course in radiation safety requires that the students complete the practical exercise, write a report on it and pass an examination which contains multiple-choice questions and questions for which the students are expected to provide short written answers. As some of the multiple-choice questions require calculations, the students should bring their pocket calculators to the examination.

A Finnish-language course handout and instructions for the practical exercise are available on the course website. The website also contains information about the timetable for the lectures, the exercise and the examination. Course material in English can be requested from the lecturer.

QUALIFICATION OF A RADIATION SAFETY OFFICER 

Once the Basic radiochemistry I course (including the laboratory work) and the course Radiation safety have been completed, the students may take an examination (1 credit) which provides them with the qualification of a radiation safety officer required under Section 18 of the Radiation Act.  The examination covers the fields of competence of use of unsealed and sealed radiation sources and X-ray appliances in industry, research and education. The students may use the handout from the course in radiation safety during this examination. The examination primarily consists of practical calculations and questions for which written replies are expected, and the topics relate to issues in radiation safety. On passing the examination, the students receive a diploma which may be used, e.g., when applying for a post.
BASIC RADIOCHEMISTRY EXERCISES
Basic radiochemistry exercises is a compulsory course (4 credits) for students in the Master’s programme in radiochemistry. The course is given each year in November-December. The course work includes lectures and practicals (5 x 2 hours over 2 weeks) and six laboratory exercises. After the lectures the students take an examination.
The lectures and practicals focus on the following topics:

Lecture 1: Introduction. Theory and exercises on radioactive decay equation

Lecture 2: Theory and exercises on count rate, effectivity and dead time

Lecture 3: Theory and exercises on statistics of counting and radioactive decay. Adsorption of radiation

Lecture 4: Theory and exercises on nuclear reactions, use of on-line nuclide libraries for calculations

Lecture 5: Theory and exercises on radioactive decay chains, use of decay chain calculation software.

The course work also includes the following six laboratory exercises:

Lab exercise 1.  GM-counting (statistics, dead time, geometry factor, beta absorption
Lab exercise 2.  Determination of half-life, SCA and NaI-detector

Lab exercise 3.  Gamma spectrum measurement with semiconductor detector

Lab exercise 4.  Liquid scintillation counting

Lab exercise 5:  Digital autoradiography

Lab exercise 6. Alpha spectrum measurement


The students write a report on each lab exercise and the reports are evaluated.  A Finnish-language course handout is available on the course website. Course material in English can be requested from the lecturer. Over the past few years, about 7-12 students have taken the Basic radiochemistry II course each year.
CHEMISTRY AND ANALYSIS OF RADIONUCLIDES 

The course in the analytical chemistry of radionuclides (7 credits) is compulsory for master students in radiochemistry. The course deals with the chemistry of radionuclides and their separation methods. The lectures (14 x 2 hours) are held in March-April. The following topics are discussed:

· Special features of radiochemistry (low doses, hot atom chemistry, short half-lives, use of radiation for measurement, etc.)

· Radionuclide separation processes (precipitation, ion exchange, liquid extraction, extraction chromatography)

· Forms of radionuclides in gases, solutions and solids, and methods of radionuclide determination

· Collection and pretreatment of environmental samples

· Chemical properties and separation methods of the most important radionuclides (e.g., 14C, 55Fe, 63Ni, 90Sr, 210Po, 210Pb, 226Ra, Th, U, Pu, Am)

The course text book is Chemistry and Analysis of Radionuclides J.Lehto and X.Hou, Wiley-VCH, 2010).
Students complete the following six laboratory exercises at the end of April and the beginning of May:

Exercise 1: Determination of iron-55 in nuclear waste effluents

Exercise 2: Determination of plutonium and americium in a sediment sample



Exercise 3: Determination of uranium in groundwater





Exercise 4: Determination of strontium-90 in milk powder





Exercise 5: Determination of polonium-210 in lichen






Exercise 6: Speciation calculation of radionuclides

The students are expected to write thorough reports on the exercises. In May there is an exam. This course and the course on the detection and measurement of radiation are the most demanding courses in the degree programme. 

DETECTION AND MEASUREMENT OF RADIATION 
The qualitative and quantitative measurement of radiation is an integral part of the work of radiochemists. Consequently, they must understand and be able to use the most important methods of nuclear spectrometry, that is, the methods related to the measurement of the energy and time structure of radiation. These issues are discussed in the course on the detection and measurement of radiation (7 credits). It is a compulsory course for students in the Master’s programme in radiochemistry.

The course begins with ten lectures which examine the origin of ionising radiation and its interaction with matter, printed and online sources of information about nuclear spectrometry, the operating mechanisms of various spectrometric radiation detectors, the electronic instrumentation used in nuclear spectrometry, and various spectrometric methods. Finally, the analysis of errors in nuclear spectrometry is discussed. In addition to attending traditional lectures, the students complete exercises. The lectures are followed by a one-month practice period which involves six exercises performed in pairs or groups of three. The students must also report on the exercises in writing. The exercises are an integral part of the course. Half of the exercises are graded, while the rest are simply approved. The students complete the course by taking an examination. The final grade is based on the examination and the reports.

The course workload is heavy and fairly demanding. Students should allocate sufficient time and resources particularly to writing the exercise reports. Moreover, the students should take advantage of the fact that the number of course participants is usually small by actively posing questions, raising issues and getting first-hand experience of the equipment used in the course.

The course text is Radiation Detection and Measurement by G. F. Knoll. 

Exercise 1: Gamma detectors and measurements
Exercise 2: Detection of gamma emitters and determination of their activity 
Exercise 3: Alpha spectrometry
Exercise 4: Liquid scintillation spectrometer Quantulus, alpha/beta discrimination
Exercise 5: X-ray fluorescence
Exercise 6: Coincidence measurement, PET scanner

ENVIRONMENTAL RADIOACTIVITY

The course in environmental radioactivity (3 credits) is aimed at all students interested in the topic. This course begins every second year at the end of January and ends at the beginning of April. 

The course work includes lectures (4 x 2 hours per week) and oral presentations by the students. There is no examination. The lectures focus on the following topics:

· Radiation sources 

· Natural radiation (uranium and thorium decay series, radon, cosmogenic radionuclides, etc.)

· Radioactive contamination of the environment from nuclear weapons tests

· Radioactive contamination of the environment from nuclear accidents (e.g., the Chernobyl accident)

· Radioactive emissions from nuclear installations (nuclear power plants, reprocessing plants, military installations)

· Radioactive emissions from the final disposal of nuclear waste

· Transfer of radionuclides in the environment and in food chains

In addition, the course participants are shown video programmes on research into the radioactive exposure of the Sami people in the 1960s and the 1970s and on the collection of environmental samples for radioactivity measurements. The students are also given training in oral and written presentations.

The students write a paper (about 15 pages) on a topic provided to them and give a half-hour oral presentation of their work to the other course participants, who then discuss the topic. Although the course teacher supplies most of the material needed for the presentation, the students themselves must also seek material, especially from online sources. Below are some examples of the topics of previously held presentations:

· Radioactive waste from Russian nuclear power plants and the radioactive contamination caused by this waste, with special reference to the Kola and Sosnovy Bor nuclear power plants

· Assessment of the environmental impacts of spent nuclear fuel in Finland

· Transuranium elements in the Finnish water environment

CHEMISTRY OF RADIOPHARMACEUTICALS

The course in the chemistry of radiopharmaceuticals (3 credits) is primarily designed to be included in the optional studies of the Master’s programme in radiochemistry, but all students who have completed the Basic radiochemistry I course and the course in radiation safety and are interested in radiopharmaceutical chemistry can take this course.

The course work includes lectures (8 x 2 hours), an examination and six practical exercises on the following topics:

· Production of radionuclides for radiopharmaceuticals
· Use of generators in isotope medicine

· Radiopharmaceuticals labelled with short-lived positron emitters (e.g., the radiochemistry and labelled compounds of 18F)

· 99mTc chelates and other technetium compounds 
· Therapeutic and diagnostic radiopharmaceuticals
· Iodinated radiopharmaceuticals, cell labelling 

· Quality control of radiopharmaceuticals (e.g., determination of radiochemical and pharmaceutical purity)

· Equipment and scanners (e.g., gamma radiography)

· Clinical isotope studies

CHEMISTRY OF THE NUCLEAR FUEL CYCLE

The course in the chemistry of the nuclear fuel cycle (3 credits) is an optional course included in the Master’s programme in radiochemistry. It is offered once every year in October-November. The course work includes lectures (8 x 2 hours) on the following topics:  
· Separation of uranium from ore (dissolution and separation of uranium from ore, purification of uranium)

· Conversion and enrichment of uranium (membrane diffusion, gas centrifugation)

· Operation of nuclear reactors (reactor types and their basic operating principle, nuclear reactions in the reactor: fission, transmutation and activation, production of nuclear waste) 

· Water chemistry of nuclear reactors (the composition of reactor water, adjustment of reactivity, the behaviour of radionuclides in reactor water, purification of reactor water)

· Main features of the chemistry of radionuclides produced in a nuclear reaction (fission products, actinides, activation products)

· Reprocessing of spent nuclear fuel (recovery of uranium and plutonium from spent fuel: PUREX process, reprocessing plants and their technology)

· Processing of nuclear waste effluents (main features of the chemistry of waste effluents, processing methods: evaporation, cementation, vitrification, precipitation, solvent extraction, ion exchange, reverse osmosis)

· Selective inorganic ion exchangers in the processing of nuclear waste (commercial materials, materials developed in the Laboratory of Radiochemistry, main properties and applications)

· Final disposal of nuclear waste in Finland (disposal of spent nuclear fuel in Finnish bedrock, the chemistry of waste nuclides in the final disposal environment)

At the end of the course, students write a paper (5-10 pages) on a topic related to the nuclear fuel cycle; the topics are given to the students during the course. The students are guided in seeking material for this paper from online sources, e.g., the electronic publications of the University of Helsinki. The course grade is based on the assessment of the paper.

In recent years, a dozen students have taken part in the course in the chemistry of the nuclear fuel cycle each year.

RADIATION CHEMISTRY  

Radiation chemistry is an optional course (3 credits) suitable for all students interested in the chemical and physical changes caused by ionising radiation; both problems and application opportunities are discussed. The course is divided into the following topics:

· Irradiation methods

· Basic radiation chemical reactions in various materials

· Applications

Irradiation methods covers dosimetry, the special features of radiation techniques (with a focus on radiation geometry, dose profiles and material thickness), the dependence of temperature changes on the choice of radiation method, the radioactivity caused by heavy ion radiation, and the use of databases and software in the planning of the radiation treatment. The students complete exercises on the use of databases and software.

Basic radiation chemical reactions in various materials covers all basic materials which may be given a significant dose of ionising radiation and materials which are considerably more useful as a result of being processed with ionising radiation. The following material types are discussed: spent nuclear fuel and metals, water and water solutions, foodstuffs, polymers, and biological samples.

Finally, part Applications examines the current, mostly industrial, applications of ionising radiation. However, the analytical use of radioactive substances is not discussed. The most important areas of application are the radiation sterilisation of medical products and foodstuffs, research on the electronic components of nanotechnology, high-volume technical products in the construction and car industries, and the functionalisation of polymers.

Students complete the following exercises:

Exercise 1: Dosimetry

Exercise 2: Detection of radiation treatment of foodstuffs

Exercise 3: Radiation-chemical modification of polymers

Completing the course in radiation chemistry requires that the students carry out the practical exercises and pass the final examination. 

TRACER TECHNIQUES

The course in tracer techniques (3 credits) is primarily designed to be included in the minor subject studies of biology students and biochemistry students, but all students who have completed the Basic radiochemistry I course and the course in radiation safety and are interested in the use of tracers can take this course.

The course work includes lectures (6 x 2 hours) and six practical exercises on the following topics:

· Use of tracers in hospitals

· Radioimmunoanalysis and substituted tracers

· Use of tracers in the production of radiopharmaceuticals

· Double-labelling in liquid scintillation counting

· Biological autoradiography and digital image processing

· Use of tracers in molecular biological research and in drug development
The lectures and exercises take place in the spring term, in April-May. The students must carry out the exercises before the course is registered as a completed course.

ATMOSPHERIC RADIOACTIVITY

The course in atmospheric radioactivity (3 credits) is aimed at all students interested in the topic. It is optional for students in the Master’s programme in radiochemistry. The course is usually given once every two years. The course work includes lectures, oral presentations by the students, written reports based on the presentations and an excursion. There is no examination. The lectures (4 x 2 hours per week) focus on the following topics:

· National radiation monitoring

· Radon-222

· Radon-220

· External radiation

· Lead-210

· Cosmic radiation and beryllium-7 and other cosmogenic radionuclides

· Artificial activity from nuclear weapons tests and the Chernobyl accident

· Hot particles

The students give an oral presentation of about 20-30 minutes on a topic given to them. They may also propose a topic for their presentation as long as the topic relates to the course theme. In addition, the students must write a report (5-10 pages) on the same topic. The course teacher provides most of the material needed for the presentation and the report, unless the student has proposed the topic. The students themselves must seek some of the material. Below are some examples of the topics of previously held presentations:

· Carbon-14 and the carbon cycle

· Hot particles from the Chernobyl accident

· Measurement of lead-210 in air filters

· Radioactive aerosols from a nuclear accident

CHEMISTRY OF FINAL DISPOSAL OF SPENT NUCLEAR FUEL 
The course Chemistry of final disposal of spent nuclear fuel (3 credits) is aimed at all students interested in the topic. This course begins every second year at the end of January and ends at the beginning of April. The course work includes lectures and oral presentations by the students. In addition, students write an essay. There is no examination. The course focuses on the following topics:

· management of spent nuclear fuel (SNF)
· reprocessing of nuclear fuel, production of high-level waste (HLW)
· encapsulation of SNF/HLW
· geological disposal of SNF/HLW
· dissolution/leaching of radionuclides from SNF/HLW
· forms of radionuclides in SNF/HLW
· forms of dissolved radionuclides in the repository environment
· analytical methods for radionuclide speciation 
· functions and long-term behaviour of buffer materials (e.g. bentonite)
· migration of radionuclides in geosphere
· sorption of radionuclides on minerals
· diffusion of radionuclides into geological matrix
[image: image1][image: image2][image: image3]
