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Presenter-Notizen
Präsentationsnotizen
Welcome to the online training for radiation safety in the Institute of Physics at the University of Mainz. 
All employees whose work involves handling ionizing radiation are obliged to take this training course once a year and to document this by passing a short test.



Radiation Safety Regulations 

• Defines the legal framework for the purchase, storage, 
handling and disposal of radioactive substances (natural 
or artificial)

• Regulates the operation of instrumentation which 
generates ionizing radiation >5keV (electrons ≥ 1MeV) 

• Photons in the range from 5keV-1MeV are covered by 
the regulations for X-rays

• Defines precautions for working with or in the vicinity of 
radioactive sources

• Sets the rules for transportation of radioactive sources

• Aim: Protection of humans and nature from any harm by 
ionizing radiation
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The basis for working with ionizing radiation is compliance with the Radiation Protection Regulations, which define the legal framework for the purchase, storage, handling and disposal of radioactive substances. It specifies the precautions to be taken when working with radioactive sources and the protection of the environment. This also includes the transportation of such sources. The aim of all this is to protect people and nature from damage caused by ionizing radiation.  



Responsibilities
• The person which is legally responsible in terms of 

radiation safety is the owner of the installations. In our 
case ultimately the president of the university

• S/he forwards this responsibility to the radiation safety 
officers of the local installations to ensure working safety 

 Karl Geib    Peter Blümler
 Room 04-217   Room 02-325
     Build. 2.412    Build. 2.413
 fon. 39-23660   fon.: 39-24240

karl.geib@uni-mainz.de bluemler@uni-mainz.de
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The owner of the facilities, in our case the President of JGU, is finally responsible for the handling of radioactive substances at all institutes. However, he appoints radiation protection officers to ensure safety for the  institutes which are concerned. For physics, the radiation safety officers are Karl Geib and Peter Blümler, who you should contact if you have any questions about the procurement, handling, transportation and disposal of radioactive substances. 

mailto:karl.geib@uni-mainz.de
mailto:bluemler@uni-mainz.de


Radioactivity
      penetration in air
– γ-radiation    many meters
– ß-radiation (electron or positrons)  3 meters (E = 1MeV)
– α-radiation (He-nuclei) 6 cm (E = 5MeV)
– neutrons from nuclear fissions many meters

– cosmic radiation (mainly muons)

• Artificially generated radiation
– gammas (e.g. bremsstrahlung from electrons)
– charged particles from accelerators
– particles originating from secondary processes

(neutrons, protons, α-particles, pions, muons …)
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Radioactivity is differentiated according to the type and energy of the emitted radiation. This also determines  its range and possible shielding. 

Gamma radiation are high-energy photons with a range of many meters in air.
Beta radiation is either electrons or positrons with a range of a few meters. Whereby positrons also annihilate by emitting gammas.
Alpha radiation consists of helium nuclei and has only a short range of a few mm to cm.
Furthermore, neutrons can also be produced during nuclear decay, which can travel many meters. There is also a risk of materials being activated via neutrons.

Ionizing radiation can also be produced artificially. A common example is bremsstrahlung from electrons (for instance when shielding beta emitters) which are then converted into high-energy photons 
(like  X- or gamma rays).
Accelerators can generate charged particles and secondary processes during nuclear decay or interaction with the environment must also be taken into account. 



Units
• activity: decays per second

– Unit: Bequerel: 1Bq = 1 decay/s
• Deposition of energy per kg:  D = ΔE/Δm  energy dose

– Unit: Gray: Gy = J/kg

• equivalent dose H=wR·D takes biological effects into account
– Unit: Sievert: Sv = J/kg
– Weighting factors ( quality factor, QF ) 

type of radiation energy(MeV) keV/µm QF
α-particles 5 90 20
fast neutrons 6 20 10
protons 2 17 10
X-rays 0.2 2.5 1
60Co 1.25 0.3 1
β-radiation 2 0.3 1
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The activity of a radioactive source is determined in decays per second or Bequerel, but this says nothing about the interaction of the radiation with matter, including the human body. 
This is given in Grays, whereby one Gray corresponds to the deposited energy of one joule per kg of tissue. 

As different types of radiation have different effects on biological cells, an equivalent dose is defined additionally. For this the absorbed dose in Gray is multiplied by a weighting factor. 
This weighting factor takes into account the type of radiation, its energy and the way it is administered. 
For example, alpha radiation that hits the body from the outside has a low or even no weighting factor, as it is often completely shielded by clothing, but if the radiation is absorbed, for instance by inhaling or swallowing the alpha-source, 
it is given the highest weighting value of 20. 
The unit of this equivalent dose is Sievert and is the most important quantity in radiation protection. The dose rate, i.e. dose per time, is often given instead of the dose. 



effects of ionizing radiation

Direct effects:
• transfer of high energy (excitation) 

to molecules (mainly water) 
resulting in direct dissozation

• proteins, polysaccharides, fatty 
acids are quite resistant, or will be 
quickly metabolized and replaced

• Higher risk: nucleic acids, but 
efficient repair mechanicsm exist

ca. 1014 pairs of ions due to exposition to abundant 
radiation per year and kg body mass

cell membrane cytoplasm with 
compartments

α-radiation

cell nucleus with
chromosomes 

(DNA)

membrane of 
cell nucleus

β-radiation
Soft γ-radiation
(X-rays)

Hard γ-radiation
(little absorption/ionization)

X = ionization
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As expected , the effect of ionizing radiation on biological cells depends on the type of radiation. 
The crosses in this schematically depicted biological cell are intended to represent ions or radicals generated by different types of radiation. 
As you can see, alpha radiation produces by far more of these reactive species than for instance hard gammas.
Typically the ions or radicals directly recombine but some may be transferred. However, the cell has effective mechanisms to cope with them. 
A direct hit on the DNA in the cell nucleus is rather unlikely, but there are efficient repair mechanisms for these rare events.



Biological effects  ̶ damages
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These biological interactions are illustrated here again. The direct interaction of radiation with matter leads to ionization or excitation of molecules. 
Most of them recombine directly, if not,  harmful substances or direct damage to essential molecules may occur. 
Depending on the concentration, which depends on the dose, the cell can repair such damages. In rare cases, the damage may persist.



radiation damage

Deterministic damage
• Individual threshold up to which there are no long-term radiation damages
• Below the threshold (ca. 0.5 Sv): repair mechanisms in the cells prevent damage, 

no directly observable effects.
• Beyond the threshold biological damages/effects increase proportional to dose. 

E.g. radiation disease (most sensitive: skin, hair, colon)

Stochastic damage (e.g. tumors)
Random damages (e.g. mutations).
Height of dose doesn’t influence the severity 
but likelihood of the damage.
There is no threshold dose!

radiation effect

radiation dose

threshold dose

deterministic 
radiation effect

stochastic
radiation effect
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Due to these individual differences in the cells' ability to repair, a distinction is made between deterministic and stochastic radiation damage.
In the case of deterministic damage, there is an individual threshold below which the body can cope with the damage. Above this threshold, the diseases increase proportional to the dose. 
Stochastic damage, on the other hand, is random and can always occur. However, the dose level then influences the probability of a disease to occur.
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Now, typical activities and illnesses are plotted against dose or dose rate. Approximately 1-2 mSv is the typical  exposure by background radiation in Germany per year. 
20 mSv per year (or 400 mSv over the entire working life) is the limiting value for occupational radiation protection. 
Once this value has been reached, the person concerned may no longer carry out any work with radiation sources. 
The typical threshold dose above which biological changes are detectable lays also in this range, at approx. 250 mSv. 
Temporary radiation sickness (a so called radiation hangover) occurs from approx. 1 Sv, 
approx. 4 Sv then already causes 50% deaths without medical assistance. 7 Sv is generally considered fatal.



radiation exposure (Germany)
exposure of the German population by natural radiation sources

and such from civilisation

Inhalation of radon and its decay 
products, 1.1 mSv

Cosmic radiation, 0.3 mSv

Terrestric radiation, 0.4 mSv

Intake of radio-nuclides, 0.3 mSv

medicine, 1.7 mSv/a

Chernobyl, < 0.01 mSv/a

Industry, research, < 0.01 mSv/a

Nuclear reactors < 0.01 mSv/a

Fallout from nukes < 0.01 mSv/a
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In Germany, the typical radiation exposure of 1-2 mSv per year varies greatly from region to region. 
On average, however, just about half of it is caused by inhalation of the alpha emitter radon-222 from the uranium decay series. 
The other half is distributed quite evenly between cosmic and terrestrial radiation and the ingestion of radionuclides. 

Well over 90% of artificial or civilization-related radiation exposure is caused by medical examinations and therapies (again averaged over the total population).



Long-Term Effects
Most frequent long-term effects due to
Local exposure:
• Cataract cloudy areas in the lens due to disturbed cell division
•  skin damage pigmentation, ulcers, cancerous degeneration

Whole body  exposure:
• Tumors in every organ possible (different probabilities for each organ 

and individuum)
Duration: 10-15 years for leucemia and 25 – 40 years for skin cancer

5% additional risk for 
cancer per Sv
(has to be added to the 
  general 20% risk)

Type of cancer  Risk coeff. [% per Sv] Lethal percentage [%] 

stomach 1.1 90 
liver 0.15 95 
lung 0.85 95 
Bone marrow/leucemia 0.5 99 
thyroid 0.08 10 
mamma 0.2 50 
skin 0.02 0.2 

Total additional risk 5 80 
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Late and long-term effects due to increased local irradiation typically occur mainly in the eyes due to clouding of the lens; 
then skin changes similar to those caused by excessive UV irradiation (which also has an ionizing effect) are also common. 
Keratoses, pigment disorders and even skin tumors can occur.  

With whole-body irradiation, tumors are possible in all organs. The additional cancer risk is about 5% per Sv. 
The table shows how this 5% are distributed among the organs and how high the percentage of fatal cancer cases is.


		Type of cancer 

		Risk coeff. [% per Sv]

		Lethal percentage [%]



		stomach

		1.1

		90



		liver

		0.15

		95



		lung

		0.85

		95



		Bone marrow/leucemia

		0.5

		99



		thyroid

		0.08

		10



		mamma

		0.2

		50



		skin

		0.02

		0.2



		Total additional risk

		5

		80









Abundant
terrestric 
radiation

mSv per year
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The local natural radiation exposure in Germany shows a clear north-south gradient, because the North German Plain consists mainly of alluvial sediment, 
while in the south igneous rocks are common, which then contain traces of uranium and thorium and their decay products.



Terrestrial Radiation

• Natural radiation on earth varies 
tremendously!

• In Germany: high in Black Forest and Ore 
Mountain areas (former uranium mining)

• Lowest in northern Germany (sandy 
sediments)

• Main radiation burden from U-238 decay 
chain: mainly radon-gas in cellars

Construction material add. exposition [µSv/a]
wood 0
lime-, sandstone 0-100
bricks, concrete 100-200
natural stone, glass 200-400
slag bricks, granite 400-2000

Influence of construction materials on dose rates in buildings

Soil content of natural radio-nucleids

nuclide (half life) Concen-
tration

Type of soil
granite loam lime sand

Ra226 (1.6‧103 a) µg/t (ppb) 1.7 1.3 0.44 0.15

Th232 (1.4‧1010 a) g/t (ppm) 18 12 1.1 1.7

K40 (1.3‧109 a) g/t (ppm) 3.8 1.7 0.2 0.6

Region Inhabitants 
[million]

Dose rate [mSv/a]
average maximum

Germany 80 0-5 5
France (granite regions) 7 2.5 4
France „hot spot“ 0 -- 900
Brazil, atlantic coast 0.04 8 170
Brazil, Poce de Caldas 0 -- 250
Iran, Ramsar 0.002 6 260

Terrestrial radiation (natural background) dose rate in various regions
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The following tables show how variable terrestrial radiation can be:

The upper table on the left shows the content of three natural isotopes in different types of soil. 
Igneous rocks such as granite have about ten times the content of sands. 

The lower right table shows this again for building materials. 

The lower left table shows the natural exposure in different areas of the earth. This may well exceed the occupational exposure limit.



Occupational radiation safety

Presenter-Notizen
Präsentationsnotizen
Let us now turn to the legal safety regulations and guidelines for occupational radiation protection.



Labeling / signs

• Radiation safety regulation
– Label source
– Label rooms / instruments
– Never dump these labels in the 

yunk!

• X-ray
 (no specific sign!) Röntgenstrahlung – kein Zutritt

X-rays – no admittance
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All radioactive samples, preparations, storage containers, equipment and rooms in which they are used must be marked with the radioactive sign, which is a black winged wheel in a yellow triangle. 
Never throw this sign in the trash for any reason, it may cause a major search. Give it to the radiation safety officer. 
X-ray machines do not have their own specific markings, instead a written sign is used.



Radiation safety areas

Abundance: <1 mSv/a

Monitoring area: >1 mSv/2000h

Controlled area: >6 mSv/2000h

Restricted area: >3 mSv/h
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Premises in which radioactive sources are permanently stored are characterized on the basis of the expected dose rate. Anything below 1 mSv/a corresponds to the average radiation exposure in Germany and does not require labeling.

In a range of 1-6 mSv/2000h (this is approximately one working year), labeling as a monitoring area is sufficient. Employees working there must be made aware of the dangers, but do not require special instruction and monitoring by expert personnel. These may also include visitors or service personnel. 
Rooms with a dose rate of more than 6 mSv per working year must be marked as a controlled area. Easy access must be prevented by suitable locking mechanisms. Work in these areas requires training by qualified personnel, monitoring by dosimeters and regular medical checks. These rooms may only be entered for the specific purpose of carrying out work (no unnecessary stays). They are not accessible to visitors or service personnel. Additional restrictions apply to young people, pregnant women and nursing mothers. Certain parts of the controlled area can also be designated as restricted areas if radiation exposure of more than 3 mSv per hour is to be expected there. These areas may only be entered for compelling reasons under the supervision of the radiation safety officer. 



Guidelines for handling 
radioactive substances

All rooms in which radioactive substances (or other source of ionizing
radiation) are permanently or occasionally handled or stored
IMPERATIVELY need a HANDING PERMISSION (gr. 
„Umgangsgenehmigung“) and IDENTIFICATION! (labelling via the
radiation safety officer)

• The Handling Permission details how to work with the present sources
• Eating, drinking and smoking are generally not permitted!!
• Before you work with radioactive sources: THINK!
 
“4S-rules”:

– SPACE (distance) to source as big as possible
– Duration of STAY in its vicinity as short as possible
– STRENGTH (activity) of the source as weak as possible
– SHIELDING of source as thick as necessary
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BUT: In principle, all premises in which radioactive preparations or other sources of ionizing radiation are used or stored permanently or occasionally must have a so-called HANDLING PERMISSION and IDENTIFICATION! 
This is carried out by the radiation safety officer. The handling permits must be permanently displayed and visible. Eating, drinking and smoking are not permitted there! 

Before handling radioactive substances, you should make it a rule to think through the procedures in order to comply with the 4S rules. These are...
Keep as much space between you and the source as possible. 
Stay in the vicinity of the source as short as possible
Select the strength of the source as low as possible
Shield the source as thick as necessary



Guidelines for handling 
OPEN radioactive substances

• OPEN SOURCE (CONTAMINATION!)
– Arrange your working space in such a way that the risk of contamination is 

minimized (e.g. when working with liquids use a drip pan)
– Use protective clothing and gloves
– Any contamination must IMMEDIATELY be reported to the radiation safety 

officer!

IMPORTANT: Inform yourself about local conditions!
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Open sources, these are sources that are not encapsulated, pose an additional risk of contamination. Typically, we do not handle such sources in physics. 
However, if so special precautions must be taken (for instance drip pans for liquid samples and powders, extraction equipment for gaseous samples). 
Protective clothing and gloves must always be worn. 
Separate instruction by the radiation safety officer is essential for such work. 
As a general rule: It is IMPORTANT that you always inform yourself about the local conditions (for instance via the posted handling permissions)



Body dose Limit (mSv) / a

Personell 
professionally

exposed

Personell not
exposed due to job

effective dose (weighted average) 20 1
Organ specific dose (OSD): gonades, 
womb, red bone marrow

50 NA

OSD: eye lens 150*) 15

OSD: thyroid, bone surface 300 NA

OSD: extremities (hands, forearms, 
feet, ankle, skin)

500 50

OSD: colon, lung, stomach, bladder,
liver, etc.

150 NA

dose limits for human bodies
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The following limiting values for local doses apply in occupational radiation protection. 
However, in most cases, only the total body dose is estimated as a weighted average or measured using a dosimeter. 
In addition, there are local dosimeters for eyes in the form of glasses, fingers in the form of rings, etc. 
If these are necessary for your work, please contact the radiation safety officer.



Dosimetry
Surveillance via dosimeters is requested for persons who 
work in controlled areas (> 6 mSv, Cat A)

Dosimeters must be worn when handing radioactive sources

Film dosimeter
(β) γ x-ray

Albedo- (Thermoluminescence)
Dosimeter: n (β) γ x-ray
Neutrons > 0.5 eV

Special dosimeters
(finger, wristband, head)
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Dosimeters are ordered centrally via the radiation safety officer, changed monthly and sent for evaluation. 
We typically use two types in physics. Film dosimeters for beta and gamma emitters and albedo dosimeters for the additional detection of neutrons above half an electron volt.



Dosimeters in Physics

Buiding  2.412
2. Level (North wing) 02-531
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If the dosimeters are not currently in use, they should be stored on a special board on the second floor of building 2.412 next to room 02-531. 
At the beginning of each month, the new dosimeters will also be located there.



Surveilance

…of every person who due to professional 
activity may exceed a yearly dose of 1 mSv

*paid by employer

Category A B

Possible yearly dose > 6 mSv 1 – 6 mSv

Occupational physical exam yearly* not mandatory,

initial/aptitude

exam*

Surveilance by dosimeters yes possibly
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The monitoring of persons who are exposed to ionizing radiation at work is divided into two categories. 
A: All those who work in controlled areas (for instance TRIGA reactor) or who could be exposed to more than 6 mSv of radiation. 
They must be monitored by suitable dosimeters and undergo an annual examination by a company doctor.

All others fall into category B. Here, only a one-off medical fitness examination is required. 
The radiation protection officer decides whether dosimetric monitoring is required (or can be requested in the handling permit) 



Radiation Safety
• This instruction (yearly!)
• Surveilance (since 2019: SSR-No.)

– Physical/medical exam (Hematolgy of Uni-clinics)
– Radiation Passport: Documentation of exposure/dose in other places
– Dosimeters (Control areas): monthly analysis
– Instruments to measure dose (rates)

• Absolute limits of effective dose for persons who are occupationally 
exposed to radiation
– 20 mSv/a (new 2019: also organ dose for eye lens )
– 400 mSv during entire professional life

• Working prohibition 
– Persons younger than 18 years (exception: part of education)
– Pregnant and breastfeeding women
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What are the standard radiation protection procedures at the institute of Physics?
Firstly, through this instruction, which is required for all persons working with ionizing radiation which must be repeated annually.
Then the category of monitoring must be determined by the radiation safety officer.
Additionally, an SSR number is required for dosimeters and radiation passports, more on this in a moment.

Furthermore, measuring devices and dosimeters can be borrowed from the radiation safety officers for temporary use. 
The absolute limits for persons exposed to radiation of 20 mSv per year and 400 mSv during an entire working life. 

When changing jobs, previous documented radiation doses must be reported to the responsible supervisor at the new site.
(Dose values other than zero from dosimeter monitoring are communicated by the radiation safety officers).
Furthermore, people younger than 18 years and pregnant women are prohibited to work with ionizing radiation.




Radiation passport

„New“ design (since 7/20)
old versions still valid

Needed for using external instrumentation with
potential radiation exposition (e.g. BESSY, DESY, 
CERN, etc.)

Documentation of accumulated dose

Application via P. Blümler (ca. 1 month before).
Instructions are on this website.

Purchase via secretary of research group

You need a SSR no.
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Many employees who work on external experiments (for instance BESSY, DESY, etc.) require a radiation passport to document the collected dose at various sites. 
Such a radiation passports can be purchased from the institute secretaries. 
The application is made via Peter Blümler, please allow at least one month in advance. 

Detailed instructions can be found on this webpage.



SSR-No.
SSR = StrahlenSchutzRegistrier-Nummer
(radiation protection registration number)
Requested for owners of radiation passports and 
dosimeter surveilance.
Can be obtained via: https://ssr.bfs.de/ssr/
(there is an English version, you will need your 
German social security number)

You will receiver a certificate (PDF) please print and save
(→email to  P. Blümler)
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An SSR or radiation protection registration number is necessary to register for the use of dosimeters and radiation passports.
This SSR can be obtained via a web portal at displayed URL (ssr.bfs.de/ssr.) You will need your social security or pension insurance number for this, which you can find on your payroll. 

A certificate will be created, which you should save and send copy to Peter Blümler.

https://ssr.bfs.de/ssr/


Radiation safety at the Institute of Physics?

• Radioactive sources in research groups
– For each source a HANDLING PERMISSION is requested for each 

room it is used in! The sources must be used in these rooms and 
nowhere else. Rooms and experiments must be LABELED.

– Storage: a special lead safe or steel cabinet (for weaker). Source must 
be locked away when not in use!

– Documentation on who used the source when (and where)  
“Tresorbuch” (Safe logbook )

• Radioactive sources in student lab courses
– Same restrictions and regulations! 

• Purchase/disposal of radioactive materials must happen via the 
radiation safety officers (P. Blümler, Karl Geib)

• New or changes to handling permissions are organized via the 
radiation safety officers (P. Blümler, Karl Geib) 
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For the work at the Institute of Physics, 
each radioactive source in the working groups needs a handling permissions for the designated rooms. 
The sources must only be handled in these rooms. 
They are stored in theft-proof safes or steel cabinets. 
There are safe logbooks that must be filled in to document who uses which source when, and when it is returned. 
If a such a source is installed inside equipment, it must be clearly marked with a radioactive symbol on the outside.

The same applies to the sources in the lab courses. 
Purchase and disposal of radioactive materials is carried out exclusively by radiation safety officers. 
They also deal with the initial applications and changes to the handling permissions.
The radiation safety officers are P. Blümler and Karl Geib.





After watching the entire video, fill the answers to  
the following quiz (in the form on this webpage) 
and send/give it to the institute‘s secretary or 
directly to Peter Blümler (bluemler@uni-mainz.de.)

A correctly answered quiz allows you to work with 
radioactivity of another year.

If you have further questions do not hesitate to 
contact the radiation safety officers

Confirmation of attendance
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If you have now watched this video carefully, please answer the following little quiz. For doing this, you will find a form on this webpage. Please send it then to the radiation safety officers or the secretaries.
A correctly answered quiz documents your participation and comprehension, and allows you to work with ionizing radiation for another year. If you have any further questions about radiation protection, please do not hesitate to contact the radiation safety officers.



QUIZ
a) Which units are used for the biological effective dose?
b) Which effective dose must not be exceeded per year 

due to your work with radioactive materials?
c) Name at least one radiation safety officer of the institute 

of physics?
d) Which radiation type has the highest weighting factor?
e) What is the 4S rule?
f) What should be never done with a label for 

radioactivity?
g) What must be fulfilled to use a radioactive sample in a 

certain room?
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