1. Doses definition
We have to consider that the word dose could have more than one meaning:
· Exposure (X) / Ionendosis
Is the amount of charge ΔQ which is produced through ionization in ΔM amount of a medium (e.g. air). The SI unit is [X] = 1C/kg; former unit was Roentgen (1R=1,58 ·10-4C/kg)
· Absorbed dose (D) / Energiedosis
Is the mean absorbed energy ΔE per mass ΔM: 
Former unit was “radiation absorbed dose” rad; 1rad = 0,01 Gy
· Dose Equivalent (HT)
Integrates the radiation type into the absorbed dose, which is relevant since different radiation types have different effect though same absorbed doses.
Its unit is Sievert (Sv). 1 Sv is the dose equivalent of a radiation, which has the same biological effects as 1 Gray of γ-radiation. 
· Effective Dose (E)
Is used for the evaluation of stochastic effects and is calculated either for the whole body or body parts. It includes HT and tissue weighting factors (wT), which is based on epidemiological studies. 
2. Difference determining biological and physical doses/radiation
· Physical doses describe effects of radioactive radiation on different substances
This covers absorption of radiation energy in human tissue
· Biological doses describe biological effect
Biological doses are not based on measurable quantities
· When thinking about a definition of biological doses, one has the measure the effect of radiation on biological structures. There are two ways in which radiation harms biological structures: stochastic or deterministic.
Stochastic radiation effects: probability of the effect increases with increasing dose; the effect itself is completely dose-independent!
Deterministic radiation effects:  increase with increasing physical dose. Very likely a minimal dose limit exists beyond which no effect at all occurs due to repair mechanism
3. Types of radiation
· α-decay
· tunnel effect enables α-particles to overcome the potential wall of the nucleus
· emission of a 4He-particle
· α-half-life between µs and 1015 years
· β-decay
· β-: neutron changes into proton  emission of e- and antineutrino
· β+: proton changes into neutron  emission of an e+ and neutrino
· β-half-life between minutes and years
· K-electron-capture
· K-shell e-  captured  ΔE emitted as X-ray
· X-Ray
· Bremsstrahlung
· Free e- slowed down by Coulomb repulsion when approaching e- shell of an atom
· Lost energy is emitted as Bremsstrahlung
· Energy spectrum: continuous
· Characteristic X-Radiation
· e- from outer shell fills a hole left in inner shell
· ΔE emitted as radiation
· Energy spectrum: discrete
· γ-decay
· emission of γ-radiation by an excited nucleus
· Energies between 10 keV and MeV
4. Relative Biological Effectiveness (RBE)
Is the ratio energy dose of a certain reference radiation (Co60 or x-rays (250keV)) and energy dose of comparing radiation – both radiations have to cause the same quantitative measurable effect.
RBE depends on:
· Which radiation effect is measured
· Which biological system is observed
· Spatial and temporal distribution of the absorbed energy
Examples of RBE are proportion of injuries, occurrence of diseases or the proportion of mortality.

5. Water radicals – how are they formed; What is a radical?
Since water is the main component of our body the water radicals formed by ionizing radiation is one of main concerns. Absorbed radiation by water molecules causes either separation of an e- (ionizing energy E = 12,56eV) or excitation of the water molecule.
In case of the e- separation, this e- can cause further reactions

Isolated e- can encounter another H2O molecule:

The separated e- is surrounded by dipole water molecules and forms a hydrated e- (e-aq) with temporarily reduced activity. 
If the water molecule is excited, the electron is stopped inside the field of the water molecule. The excitation energy of the molecule is about 7eV. The excited molecule disintegrates:

The G-value describes the probability that a radical is produced:
G(e-aq) = G(OH°) = 2,3	>	G(H°) = 0,6
Secondary products of the radicals:

Water radicals and H2O2 cause indirect radiation effects.
6. Oxygen effect (why?) / describe increase
Oxygen is an important part of most biological substances. It can either amplify (sensitization) or weaken (protection) radiations effects.
· Protection function:
· Mostly in aqueous solution
· Radicals O2- and HO2° not as aggressive as H-radicals

· Sensitisation
· Mostly in dry substances
· O2 prevents recombination of R° with H°

7. LET (why?)
[image: ]LET stands for linear energy transfer. Charged particles ionize along their trajectory. As one can measure, the absorbed energy depends on the particle and its ionisation density. 
Ionization density is defined ad absorbed energy per path length: Photon/e-

n0

α-particles

The so called cut-off energy defines the thickness of the ionized trajectory: 

100eV is the limit for the local range (5nm). 
In this sketch each black spot symbolizes a built ion-pair. The sum over all
ion-pairs is constant in each case, but we can see a difference between
“locker ionisierender (photon, e-) und dicht ionisierender
Strahlung (α-particles)”.
Biological effects correspond with the local ionozation-density – at the 
same dose equivalent, photons have less biological effectiveness at same levels of dose equivalent, as α-particles.
 Smaller LET radiation has at a constant dose equivalent less impact on biological tissue than radiation with higher LET.
This is also shown in the graph below, where a correlation between LET and the weighting factor  (see 1., Dose Equivalent):
[image: ]
8. Types of indirect ionisation (sketch diagram with Z/E)
· Due to
· UV radiation
· X-rays
· γ-radiation
· neutrons
· indirect ionizing through
· Photoelectric effect
· Interaction between photon and an orbital e-
· e- absorbs the total photon energy
· 
· Compton effect
· Interaction between photon and an orbital e-
· e- absorbs a part of the photon energy
· 
· Pair production
· Interaction between photon and the Coulomb field of nucleus or orbital e-
· Photon converted into e++e-
· Minimal photon energy = 1,02 MeV
· 
[image: ]

9. Stochastic vs deterministic effects
See 2.
10. Somatic vs. genetic mutation
· Somatic mutations:
Mutations of somatic cells (e.g. muscles, skin) due to radiation. These mutations may cause burning of skin, gastrointestinal disorders or even cancer due to alteration of protein synthesis. They may lead to severe injury or death of the individuum. If somatic mutations affect embryonic development, the mutations are either repaired or the embryo dies within the first stages of embryonic development. These mutations could affect the embryonic development most while primordial formation of organs and in this stage often lead to malformation.
· Genetic mutations:
Radiation of germ cells can lead to a mutation of DNA of them. This mutated information is spread to generations and populations.

11. Lethal dose – how much for humans?
The  of humans is 4,5 Gray – this means that at an exposure of a human to a radiation dose of 4,5 Gy, 50% of the individuals will die within 30 days.
12. [image: ]RIA
· Based on high specifity of immunological reactions with antibodies (AB)
and antigens (AG). The AB binds to AG and neutralizes it.
In RIA & IRMA calibration curves are required.
· AG partially labelled
· AG* and AG bind to AB (= bound portion) in a competitve manner
· Free AB+AG* & unbound AG are separated
· Activity measurement of AB+AG*



13. IRMAIRMA
IRMA (Sandwich Assay)

· Same 1st point as in RIA
· Greater availability of purified AB
· Often more precise
· Greater sensitivity

· AB* binds to AGfree and AGsolid state-bound competitive
· Removing of AB*+AGfree complex
· Activity measurement of the AGfree-AB* proportion (depends of the amount of AGfree of the solution)
· Sandwich-Assay:
· Non-marked AB (green) also binding to AG (presupposing that the AG is bivalent)
· Non-marked AB bound to solid phase
· Non-marked AB+AG+AB* build complex
· Unbound AB* is removed
· Activity measurement of non-marked AB+AG+AB*









14. Function of a cyclotron
A cyclotron is a high frequency circular accelerator, which produces heavy particles such as protons (e.g. for proton therapy), deuterons, α-particles and ions. It is used to produce short-live radio nuclides for medical applications, but also for sterilization of materials, polymerisation of plastics and versatile radiation source for research.
[image: ]It consists of an assembling of two half-circle shaped electrodes, which are placed in a magnetic field – the magnetic field lines are orientated perpendicular to the electrodes. The particles are accelerated in the gap between the electrodes. Inside the electrodes the electrode itself shields the particles against the electric field. The vertical magnetic field generate a circular particle trajectory. The faster the particle becomes, the more its orbit extends – this leads to a spiral shaped trajectory of the particle.
The accelerated particle is extracted from the cyclotron by a shielding (deflection capacitor) of the magnetic field . 
15. Advantages of proton radiation therapy – comparing to conventional proton therapy
[bookmark: _GoBack][image: ]
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