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1.
OBJECTIVES AND SCOPE

These guidelines aim to ensure the safety at work of those who work with ionizing radiation and their colleagues, by making sure that the work is carried out according to government regulations. The release of radionuclides into the environment is to be kept to a minimum, and must be within the limits set by the authorities.

These guidelines apply to 
· all employees
· master students

· other students attached to research laboratories for project work
· visiting scholars
working with ionizing radiation at the University of Tromsø, at field stations and on research expeditions. The guidelines also apply when ionizing radiation is formed although the radiation is not used at work.
Handling radionuclides emitting -radiation, or handling fissile nuclides is only permitted by the assent of the Radiation safety officer. Undergraduate students are not permitted to handle ionizing radiation without the assent of the Radiation safety officer.  

Any applications for exemption from any part of these guidelines should be addressed to the University director. 

2.
RESPONSIBILITY AND AUTHORITY

2.1
Organization of responsibility for radiation safety


Management in the line / employees
Academic/trained staff










Responsibility for radiation safety follows the same line as health, environmental and safety activities and other main functions at the University. However, additional academic/trained staff with special competence and/or specific tasks is also to be nominated. 

2.2
University director

Ultimate responsibility for radiation safety at the University of Tromsø rests with the University director. The personnel director has day-to-day responsibility for the responsibility that in these guidelines rests with the University director.
The University director must be informed of all use of ionizing radiation at the University of Tromsø. He/she shall keep records of those persons covered by the Regulations relating to ionizing radiation ("Forskrift om ioniserende stråling") (c.f., Section 1 and Section 12 of the regulations).

If there have been breaches of existing laws and regulations in the course of work with ionizing radiation, and the breaches continue after a written warning, the University director may refuse the project or the user in question permission to handle such radiation sources. Other sanctions may also be considered. 

The University director reports to the Norwegian Radiation Protection Authority, which has overall responsibility for supervising radiation in Norway. His/her reports should include details of the number of projects, radiation sources, types of radionuclides and activity, purchase routines and waste disposal, as well as details of any accidents or irregularities. 

The University director appoints a Radiation safety officer and delegates the task of supervision to him/her. 

2.3
Radiation safety officer
The Radiation safety officer should have competence in dealing with ionizing radiation. This includes basic dosimetry (measuring and calculation of radiation doses) with particular regard to radiation safety. The officer will also have radiation advisory, guidancy and supervisory functions. 

The Radiation safety officer should ensure that the radiation safety regulations are followed at the University of Tromsø.

The Radiation safety officer is responsible for

· internal guidelines for working with ionizing radiation at the University of Tromsø

· routines for using the hotlab
· ensuring that courses in radiation safety are held

· training of cleaning personnel, technical staff, and others who might potentially be exposed to ionizing radiation
The Radiation safety officer shall check the

· supply office (for radionuclides)
· laboratories where sources of ionizing radiation are used
The safety officer must be informed of 

· projects

· project coordinators
· radiation sources
· radiation safety contacts

· purchasing contacts

· users

The Radiation safety officer may halt projects which are not conducted in accordance with existing laws and regulations, or if serious breaches of these laws and regulations have occurred.

The Radiation safety officer reports back to the University director, through the personnel director.
2.4
Faculty-/College director (or Administrative head)
The faculty-/college director must be informed of all use of ionizing radiation at the faculty/college. He/she is responsible for ensuring that radiation safety procedures are carried out and coordinated. If the institutes of the faculty/college have an administrative head, the responsibility, or some of the responsibility, for the institute may be left to them. If this occurs, it should be documented in «HMS-håndboka».

The faculty-/college director reports accidents and injuries caused by ionizing radiation to the University director via the Radiation safety officer.
Where applicable, the faculty-/college director is responsible for 
· the supply office for radionuclides at the faculty/college
· that the hotlab satisfy the regulations
The faculty-/college director is responsible for appointing the radiation safety contacts at the unit, and is responsible for the following tasks, which are delegated to the radiation safety contact:

•
keeping up to date the «Handbook for radiation safety»

•
the use of personal dosimeters 

•
routine checks 

2.5
Head of institute (or Head of department)
The head of institute must be informed of all use of ionizing radiation at the institute, and is responsible for ensuring that radiation safety procedures are followed in the laboratories. If the institute is organized into departments with their own administrative heads or elected leaders, all or some of the responsibility for the department may be left to them. If this takes place, it should be documented in «HMS-håndboka».

The head of institute is responsible for the division of the institute into project groups in a way which is both natural and purposeful in relation to the responsibility of the project coordinators. Dividing into projects may cross the research projects.
The head of institute reports accidents and injuries, caused by ionizing radiation, to the faculty-/college director. 

Annual report is sent directly to the Radiation safety officer with a copy to the faculty-/college director.

2.6
Radiation safety contact

Every unit (laboratory, department, or institute) is to have one person designated to work specifically with radiation safety. 

The tasks for the radiation safety contact include:

•
coordinate internal training of new users
•
keeping up to date the «Handbook for radiation safety»
•
coordinating the use of personal dosimeters 

•
coordinating routine checks 
•
being the academic contact for the Radiation safety officer in matters of radiation safety
The radiation safety contact should be one of the users, or a person who recently has worked with ionizing radiation. The radiation safety contact is responsible for all the laboratories used by the unit(s), including shared rooms (e.g., scintillation counter rooms, hotlab). If there are shared rooms for which several radiation safety contacts have responsibility, the work is to be divided among them.

The radiation safety contact must take the «Basic course in radiation safety» and the «Advanced course in radiation safety» within one year, and attend all information- /training meetings arranged by the Radiation safety officer. 

The radiation safety contact reports back to the head of institute or head of department (c.f., Section 2.5). 

2.7
Project coordinator

Each project is to have a project coordinator who is responsible for:

· that all projects involving experiments with ionizing radiation are registered and reported 
· that the laboratories conform to the regulations, and that they have been cleared for use of ionizing radiation before the experiments begin 
· that eventually X-ray apparatuses and enclosed radioactive sources conform to regulations 
· that work routines are satisfactory and conform to regulations

· that those attached to the project use the «Handbook for radiation safety» 
· that those working on the project have received the training stipulated in the regulations

· that the work routines are easy to follow

· the radiation safety of the users involved in the project on a day-to-day basis.

The project coordinator must take the «Refresher course in radiation safety» (at least 4 hour) within one year, and at least once every five years.

The project coordinator shall report new and revised projects, and make arrangements for checks of laboratory, X-ray apparatus and enclosed radioactive sources directly with the Radiation safety officer (Attachment 2).
The project coordinator is responsible for annual reporting to the head of institute/department (c.f., Section 2.5). This includes (c.f., Attachment 3):

· project number of completed projects 

· project number of new (registered) projects 
· the name of users and purchasing contacts
· the use of radiation safety

· radiation sources

· radionuclides and quantity of activity

· received

· used
· changes in routines for handling radioactive waste

· accidents/injuries (c.f., ”Intern melding av skader, nestenulykker og yrkessykdommer”)

Project registration forms signed by the Radiation safety officer, and documentation of laboratory checks, are to be enclosed in the «Handbook for radiation safety». 

2.8
User

A user is a person who carries out work with ionizing radiation. Users are themselves responsible for following existing work routines, and for using available protective gear. The user is also responsible for reporting faults and defects to the project coordinator if they themselves are unable to remedy the fault/defect.
Users shall receive internal training before starting work. Users must complete the "Basic course in radiation safety" within one year, and they must attend all information-/ training meetings arranged by the Radiation safety officer.

Users working with such large quantities of activity that with current working routines, a spillage or accident might result in a radiation dose of at least 6 mSv, shall pass a physical examination before using open radioactive sources. Such examinations shall take place every three years. 

The user reports back to the project coordinator. 

2.9
Purchasing contact

All purchases of radionuclide are to pass through the supply office, and all orders are to be connected to a purchasing contact registered with the supply office. These purchasing contacts are to sign for the radionuclides they collect, and they must register the radionuclide in «Handbook for radiation safety». 

2.10
Training

2.10.1
Internal training

The project coordinator is responsible for making sure that all users involved in the project have received internal training before their first experiments starts. Internal training is coordinated by the radiation safety contact, and comprises at least the following:

· presentation of "Handbook for radiation safety"

· the properties of the current source of ionizing radiation
· practical work routines 

· radiation safety measures
· time/distance

· shielding

· protective equipment
· steps to be taken in case of spillage/accidents

Internal training is usually conducted by the radiation safety contact. Parts of the internal training may be conducted by the project coordinator or another user involved in the project, if there are practical routines particular to this project, or if this is expedient for other reasons.
2.10.2
Basic course in radiation safety

The «Basic course in radiation safety» is held at the University of Tromsø at least once a year if required. Courses should be given for users of open radioactive sources, enclosed radioactive sources and X-rays. It is a 20-hour course which aims to provide participants with knowledge of radiation so that they can safely plan and conduct experiments with ionizing radiation. The course includes the following topics:

•
what is ionizing radiation?

•
definitions of «activity», and «dose»
•
biological effects of ionizing radiation

•
principles of dosimetry

•
radiation safety

•
laws and regulations

•
internal guidelines and routines

•
documentation

•
measuring equipment

•
emergency procedures

The course is mandatory for users and radiation safety contacts, and must be completed within one year after the beginning of the experiments. Equivalent courses from other Norwegian universities may replace the basic course. Documented competence may, on application to the University director, replace the basic course.

The safety deputy for areas where work is being carried out with ionizing radiation is to be offered the opportunity to take part in the basic course.

2.10.3
Advanced course in radiation safety

This course lasts 20 hours and is based on the «Basic course in radiation safety».
In addition to expanding on the topics treated in the basic course, the advanced course is intended to provide knowledge of the tasks of the radiation safety contact as, for instance, contamination checks and results assessment

The course is compulsory for radiation safety contacts within one year of appointment.

2.10.4
Refresher course

Radiation safety officer will arrange information-/ training meetings as required or at least every second year. All users, radiation safety contacts and project coordinators are to attend these meetings.

Radiation safety contacts who have completed the "Advanced course in radiation safety" shall in addition take a refresher course (advanced course) of 3 hours' duration at least every five years. 

2.11
Handbook for radiation safety
All units (laboratories, departments, or institutes) which apply ionizing radiation, shall have «Handbook for radiation safety». The Radiation safety officer will provide the unit with a numbered copy of the handbook.

«Handbook for radiation safety" shall contain:

· declarations by those who have read the handbook

· an overview of persons with responsibility for work with ionizing radiation
· registration forms for registered projects

· training documentation 

· regulations

· safety data sheets for radiation sources
· documentation on purchase and use of ionizing sources

· maps or other explanations of the storage locations and places where work with ionizing radiation is conducted

· documentation of laboratory checks

· documentation of routine checks 
The faculty-/college director (c.f., Section 2.4) is responsible for the «Handbook for radiation safety», while the radiation safety contact is responsible for keeping it up to date.

All users shall read and discuss the «Handbook for radiation safety» during their internal training. All persons who have read the handbook shall sign as proof of this.

3.
DEFINITIONS AND ABBREVIATIONS

3.1
Definitions

Accident:
Abnormal occurrence which exposes or risks exposing persons to radiation doses.
Controlled area:
Area where people may be exposed to ionizing radiation between 6 and 20 mSv/yr. Outside controlled area the dose rate to persons should not exceed 7.5 Sv/h.
Dosimetry:
Measuring, calculating and assessing radiation dose.
Enclosed radioactive source: Radioactive material which is sealed according to the ISO standard 2919.

Hotlab:
Laboratory where work with radionuclides is carried out according to regulations for B lab.
Ionizing radiation:
Radioactivity and X-rays.
Isotope lab:
Laboratory where work with radionuclides is carried out according to the regulations for C lab.
Open radioactive sources: Radioactive material which is not enclosed, and where contaminations may occur when the material is used.
Project:
Experiments or series experiments at an institute or department that use ionizing radiation. Dividing into projects may cross the research projects.
Spillage:
Abnormal occurrence which leads to spread of radioactive material.

 3.2
Abbreviations

ALARA
As low as reasonably achievable

ALI

Annual limit of intake

Bq

Becquerel
Ci

Curie

cpm

counts per minute

cps

counts per second

dpm

disintegrations per minute

dps

disintegrations per second

eV

electron volt

Gy

Gray

ICRP

International Commission on Radiological Protection

Sv

Sievert

4.
General routines
4.1
Internal registration

The project coordinator must register all projects involving work with ionizing radiation and report them to the University director through the Radiation safety officer before the experiments begin. Projects involving changes not included in former registrations are to be reported again. Projects which have not used ionizing radiation during the last year will be considered to have been completed. 

The records and reports (Attachment 2) are to contain:

· title of project

· project coordinator

· type of experiment (e.g., sequencing, autoradiography, cell experiments, animal experiments, labeling, chemical synthesis, instrumental analysis)

· radiation source (radionuclide, X-ray tube etc.)
· maximum activity for radionuclide
· per experiment
· annual
· expected time-frame for project

· which laboratory is used

· which supply office is used for buying radionuclides
· names of users, radiation safety contact, and purchasing contacts

· what training these have received or plan to receive
4.2
Laboratory requirements

Institute or department where ionizing radiation is used, or where ionizing radiation is generated, should define controlled area where persons may be exposed to ionizing radiation. Where persons are in a controlled area, the dose rate should not exceed 20 Sv/h. Outside the controlled area the dose rate should not exceed 7.5 Sv/h.
The border of a controlled area should be clearly marked. Symbol and warning sign for ionizing radiation is given in Norwegian Standard NS 1029 (Attachment 1).
Controlled area may depend on use, maintenance, repair of equipment etc. Project coordinator is responsible that the controlled is inside the marking at all time.

Radiation safety officer should check laboratories where ionizing radiation will be used before starting experiments for the first time.

Controlled area should be documented in “Handbook for radiation safety”.

4.3
The ALARA concept
The following international rules apply for work with ionizing radiation:

· No one should work with ionizing radiation without any reason for doing it.
· The ALARA concept (as low as reasonably achievable) apply for all work with ionizing radiation by 

· implement steps to reduce radiation dose as much as reasonably achievable

· keep the ALARA concept in mind throughout the whole process, from choose of method until completing the project.
· No one should receive radiation doses above dose limits (c.f., Section 4.7.1)

Here are some tips how to follow the ALARA concept:

Method
· Use methods that do not demand use of ionizing radiation, or that demand use of less radiation, if they give you good enough results.
· If experiments demand use of ionizing radiation, use radiation with 

· as low energy as possible

· as low activity or radiation density as possible

· Use procedure that is properly planned and easy to execute.
Facilities/equipment
· Plan where the work is to take place.

· Ensure that the laboratory has been cleared for experiments with ionizing radiation.

· Have all necessary equipment available.
· Have necessary protective gear available.
Routines/training
· The department should have an up-to-date «Handbook for radiation safety»

· Those who are to carry out the experiment should receive internal training before the first experiments start, and central training within one year.
· The user should be familiar with the use of portable monitors for dose and/or activity (not applicable when using 3H).

· There should be clear routines for waste disposal where this is a current procedure.
4.4
Work routines
1. Stay in controlled area for the shortest time as possible, and keep long distance to the radiation source if possible.

2. If you stay regularly in controlled area, you should wear a personal dosimeter (cf., Section 4.7.2). If there is a probability that the annual dose you receive will exceed 6 mSv/h, you should also wear a personal dosimeter with alarm. You may also use a portable dose rate meter to keep the radiation under control.
3. If you stay regularly in controlled area, and the radiation you may are exposed to will be considerably stopped by a lead coat or a lead apron, you should wear such protective equipment.

4. If you use lead apron, you should keep in mind that the apron will not shield the irradiation to your back, arms, and head (will also apply to lead coat). Turn your body in the direction of being protected by the lead apron.
5. Ensure that only persons concerned to the experiment are in controlled area while the exposure is on.
4.5
Shielding

To reduce the dose rate, the radiation source can be shielded from the person exposed. The shield should be close to, and preferably surround, the radiation source. Keep in mind that 
· Radioactive sources radiates in all directions.
· X-rays that are focused may change direction (“reflect”) when a material is hit (“Compton scattering”). 
The shield used depends on the type of radiation:

X-rays and -radiation (e.g., 51Cr, 125I, 137Cs) 
· Must be shielded using material of high density (preferably lead)
· keep in mind that if the energy is sufficiently high, it can penetrate tabletops, walls, floors, and ceilings.
· The shield will never block all the radiation

· half-value layer of a medium is the thickness of the medium that blocks 50% of the radiation (two half layers will then block 75% of the radiation).
· The thickness of the shield we should use depends upon (c.f., Attachment 5)
· half-value layer 

· type of shielding

· the energy of the radiation

· activity/radiation density.
If certain individuals are particularly exposed to radiation, they may wear, e.g., lead coat, if these provide sufficient shielding. 0.3 mm of lead will block all the radiation (99.997 %) from 125I (E = 35 eV), while it will block only 13 % of the radiation from 51Cr (E = 320 keV). In order to effectively block radiation from 51Cr, at least 2.5 cm of lead is required (96% effective). 

High energy ß-emitters (e.g., 32P) 
· Emit radiation which is blocked totally by e.g.

· 1 cm of Plexiglas 
· metal. 
· Bremsstrahlung (X-rays) will be created by shielding

· much longer range than the original radiation
· maximum quantity of Bremsstrahlung occurs when the shield contains molecules with large atomic nuclei. 
· If metal is to be used for shielding 32P 
· Plexiglas should be placed between the radioactive source and the metal
· thick lead plates will, however, be capable of blocking all radiation (including Bremsstrahlung). 
· Choice of shield is dependent on the activity in the source

· check with a portable monitor (for both ß-radiation and -radiation) when shielding 32P.

Low energy ß-emitters (e.g., 3H, 14C, 33P, 35S, 42Ca) 
· Emit so weak radiation that it will be blocked by plastic/glass, and will not penetrate, e.g., a test tube.
· This radiation does normally not need to be shielded.
· Radiation from these radionuclides does give a radiation dose in cases of spillage on the skin or by intake.

4.6
Accidents

Work routines must be agreed so as to avoid unwanted exposure to ionizing radiation. If an accident should occur, users must know what to do in order to minimize the injuries:

1. Assess the situation and if necessary close off the area that may give unwanted exposure. Mark the area clearly. Dose rate outside the closed area must not exceed 60 Sv/h.
2. Contact the Radiation safety officer or others with responsibility for emergencies. These persons will then be involved in the remaining procedures. In cases that do not give radiation doses above background doses, inform the radiation safety contact.
3. Take whatever steps which are necessary in any area that may be dangerous (e.g. shielding or removing the radiation source).
4. Assess the risk of radiation in the area by means of portable monitors or wipe test.
5. Fill in an internal report (“Skjema for intern melding av skader, nestenulykker og yrkessykdommer”), so that:
· the accident is documented (this is important in the case of any delayed personal injury
· working routines may be improved.
6. For accidents that may have resulted in radiation doses above the annual dose limit (cf., Section 4.7.1)
· if the exposed person wear a personal dosimeter, this must immediately be send for analysis

· exposed persons should get medical follow-up

· head of institute or head of department (cf. Section 2.5) reports to the Norwegian Labour Inspection Authority («Arbeidstilsynet»)

· the Radiation safety officer reports to the Norwegian Radiation Protection Authority. 
7. The laboratory must not be used as long as there is any risk of unwanted exposure, or until equipments are repaired.

4.7
Health monitoring

4.7.1
Dose limits
We are all exposed to background radiation (cosmic radiation, radiation from the ground, internal radiation, and radiation from spillages from nuclear test explosions and nuclear power stations). The average annual dose from background radiation in Norway is 3-4 mSv. The International Commission on Radiological Protection (ICRP) has set international dose limits for doses from other radiation sources than background radiation (additional dose).

General public
The general public should not be exposed to an annual absorbed dose in excess of 1mSv (cf., Table 4.1). This includes radiation doses from e.g. X-ray examination and traveling by air. Students and employees at the University of Tromsø who do not themselves work with ionizing radiation, are subject to the same dose limit as the general public.

Table 4.1. Annual additional dose limits

	
	Dose limits

	
	Occupational users
	General public

	Effective dose equivalent

(whole body dose)
	20 mSv/y
	1 mSv/y

	Equivalent dose in 
- eye lens

- skin


- arms/legs
	150 mSv/y

500 mSv/y

500 mSv/y
	15 mSv/y

50 mSv/y

-


Professional exposure
Users who work with ionizing radiation are occupational exposed, and they should not belong to risk groups (e.g., pregnant women or people with lung deceases). Occupational exposed persons may be exposed to an annual additional dose of 20 mSv (cf., Table 4.1). "Annual limit of intake" (ALI) is the intake of a radionuclide that may result in a radiation dose of 20 mSv. ALI values are given in Attachment 5.

Pregnant women
Once they have become aware that they are pregnant, and for the duration of pregnancy, women should not be exposed to additional doses to the fetus of more than 2 mSv. The ALI values for pregnant women are 1/20 of those for occupationally exposed persons. At the University of Tromsø, once pregnancy has been determined, pregnant women should not carry out work that in case of accident may give rise to such radiation doses. In practice, this means that in certain cases they must not work with ionizing radiation.
Pregnant women who don’t want to work with ionizing radiation, should not do it in spite of that there is no risk in reaching the dose limit.

4.7.2
Personal dosimeters

A personal dosimeter registers only the radiation that reaches the dosimeter. Take care, therefore, to wear the dosimeter in a place that may be representative for the radiation dose to which you are exposed. This may, for example, be the breast pocket of your laboratory coat. Internal radiation and radiation on other parts of the body will not be registered by the dosimeter. No reading is thus no guarantee that you are not receiving doses of radiation. Use of a dosimeter may therefore give a false sense of security.

Personal dosimeter
Persons who work with X-rays, -radiation (e.g., 51Cr, 125I, 137Cs) or long-range ß-radiation (e.g., 32P) should wear personal dosimeters. This applies, however, only if the activity or radiation density is so high that it emits detectable doses of radiation. The activity limit will be dependent on the radionuclide and type of experiment, but a typical activity limit might be 100 kBq pr. experiment.

Low-energy ß-radiation (e.g., 3H, 14C, 33P, 35S, 45Ca) has such a short range that it will not be registered by a personal dosimeter.

Personal dosimeters are routinely sent to the Norwegian Radiation Protection Authority for analysis. The results of the analyses will therefore come some time after the registration period. Routines for use of personal dosimeters are coordinated by the radiation safety contact.

Digital dosimeters
Persons who in certain cases may be exposed to large doses of radiation, may wear a digital dosimeter. This will at any given time give the current dose rate and dose, and indicate by means of an alarm that a chosen limit has been exceeded.

Finger dosimeters
Users who handle high activity of ß-emitters (especially high energy radiation like 32P), may use finger dosimeters to measure doses on the hands.

4.7.3
Regular health examinations

Users who work with such large amount of ionizing radiation that as the result of an accident or spillage they may receive annual dose of more than 6 mSv, should undergo a health examination before using such radiation. The examination should aim to determine whether there are medical reasons to prevent the user being employed with ionizing radiation. The employee is free to select the medical practitioner (e.g., the occupational health service), and the examination is to be conducted at least once every three years.
4.8
Routine checks

Institutes or departments which use ionizing radiation, shall set routines for regular checks of the workplace (controlled area) and adjacent areas. This is in addition to the check carried out after each experiment, and it must be documented in the "Handbook for radiation safety".

If ionizing radiation is used regularly, and the use of the radiation give a certain risk of unwanted irradiation, the institute or the departments shall carry out routine measurements at least once a month. The check is coordinated by the radiation safety contact.

5.
X rays
See also general routines, Section 4.
5.1
Buying
X-ray apparatuses should not be bought without the assent of the Radiation safety officer (an approval from Norwegian Radiation Protection Authority is required).
5.2
Equipment and marking requirements

5.2.1
Placing and markings

To ensure that no unauthorized persons have access to X-ray apparatus, it must be locked when not in use, and it should be in a room which is locked when it’s not under supervision. 
Standard warning signs (Attachment 1) must be placed at the control panel, and at the radiation source, in a way so they are easily recognized. The signs must be directed toward the direction where people come. Where there are more then one entrances, there must be a sign toward each entrance.
There must be a warning lamp at the X-ray apparatus that is switched on when the exposure is on.

5.2.2
Structural X-ray installation

(X-ray diffraction and X-ray spectroscopy)

Even after short exposing time, the use of structural X-ray installation may give injuries due to high radiation density close to the window. Skin and eyes are the most sensitive organs due to the low voltage. If possible, structural X-ray installation should be constructed as an enclosed installation, and under normal operation, it should be totally shielded (< 5 Sv/h in a distance of 5 cm from accessible area).
Warning sign should have the subheading “Strukturrøntgen” (“Structural X rays”) (c.f. Section 5.2.1).

5.3
Work routines

See also Section 4.4.

1. Be aware of Compton scattering (radiation that changes direction or is “reflected” when it’s retarded in a material).
2. Cover the radiation window with a lead cup when the apparatus is warming up, or when it is tested.
3. Turn off the apparatus when not in use. X-rays appear only when both voltage and current are switched on.

4. Use a shutter and eventually a lead funnel to reduce the size of radiation field as much as possible.
5. Ensure that the radiation is focused at the field you want to be exposed. Be aware that the primary radiation may pass the exposing field without being weakened.

5.4
Disposal 

Disposal of X-ray tubes is only permitted by the assent of the Radiation safety officer (an approval from Norwegian Radiation Protection Authority is required).
5.5
Accidents

See also Section 4.6.

To switch off the voltage or the current is the simplest way of removing the radiation source.
5.6
Routine checks

Scattered radiation inside and outside controlled area should be assessed regularly, and by change of apparatuses, in institutes or departments which regularly use X rays (c.f. 4.8).

6.
enclosed radioactive sources

See also general routines, Section 4.
6.1
Buying
Enclosed radioactive sources should not be received without the assent of the Radiation safety officer (an approval from Norwegian Radiation Protection Authority is required).

6.2
Storage
See Section 4.4.

6.3
Work routines

See also Section 4.4.

Be aware of Compton scattering (-radiation that changes direction or is “reflected” when it’s retarded in a material).

6.4
Disposal 

Enclosed radioactive sources not in use any longer, must be sent back to the distributor or to an other approved  disposal service. This is only permitted by the assent of the Radiation safety officer (an approval from Norwegian Radiation Protection Authority is required).
6.5
Transport
See also Section 7.6.

6.6
Routine checks

Scattered radiation outside the capsule should be assessed regularly at institutes or departments using enclosed radiation sources (c.f., 4.8).

7.
Open radioactive sources

See also general routines, Section 4.

7.1
Laboratory requirements

See also Section 4.2.

7.1.1
Ordinary laboratory (C light)
Work with very low activities of radionuclides may be conducted in an ordinary chemical or biological laboratory (Attachment 4). 

Benches and furniture (chairs etc.) should not be made of absorbing materials. An office work place must not be placed in the laboratory.
The project coordinator should ensure that the laboratory conforms to existing regulations at all time, and especially ensure that required written working instructions are available (also in English).
7.1.2
Isotope lab (C lab)

Work with radionuclides may be conducted in laboratories which satisfy the requirements for ordinary chemical or biological work, provided the radioactivity does not exceed existing limits (Attachment 4).

In addition to conform the regulations for C light, the laboratory or parts of the laboratory (e.g., hood) are to be reserved for work with radionuclides (controlled area).
The project coordinator must ensure that the isotope lab conforms to existing regulations at all times. 
7.1.3
Hotlab (B lab)

At Hotlab the user may work with higher levels of activity, but without exceeding activity limits (Attachment 4)
In addition to conform the regulations for isotope lab (C lab), the hotlab is reserved for work with radionuclides. The laboratory must be locked when not in use, and is not to be accessible to persons who do not work there.

The hotlab must be separated from other rooms by means of a lock. In addition, there are special requirements for floors, walls, ceilings, work benches, and equipment. 
The hotlab must have negative pressure, and ventilation is to pass through a hood with a separate ventilation channel. The hood must have water supply, and all water taps and electrical switches must be outside the hood. The bench in the hood should be shielded, and the wall behind the hood should be sufficient shielded to the neighboring room (not above 7.5 Sv/h to accessible places in neighboring rooms). 
The hotlab must have a wash basin for washing hands that can be used without using the hands, and there should be an emergency shower in the lab, or a handheld shower connected to the wash basin.
All work with open radioactive sources in a hotlab is to be entered in a log book with:

•
date

•
name

•
radionuclide
•
activity

•
type of work/location.

The faculty director is responsible for that the hotlab conforms to the existing regulations, and the Radiation safety officer is responsible for the routines for the use of the hotlab.
The project coordinator should not start any project in hotlab if it’s not possible to conform to the existing regulations for the specific project.
7.2
Purchasing

Purchases of radioactive materials should be limited to a minimum. By all purchases one should check how to get rid of any reminders or products after the use. 
The substitution duty claimed in “Arbeidsmiljøloven” §§ 4-5, does also apply to radioactive materials, and one should always assess the possibility to exchange such substances with less dangerous substances.
To ensure that no unauthorized persons have access to radionuclides, the following purchasing routines have been established:

1. All purchases are to be made through a supply office at the faculty/college. The faculty-/college director or administrative head is responsible for the supply office (c.f., Section 2.4), which is to be inspected by the Radiation safety officer. Each supply office must document:
· all orders by project number, name and institute or department

· date of order

· nuclide and activity
2. All radionuclides that are ordered must arrive the Central store (“Sentrallageret”) at the MH-building where it will be registered, and collected by the purchasing contacts.


3. The Central store (“Sentrallageret”) at the MH-building must document:

· all orders including name and institute/department

· date of order

· radionuclide and activity

· date of receipt

· control measurement of the received package


And further on report to the current supply office or purchasing contact, and ensure that the delivery is signed by the purchasing contact (name and date)


4. Each project is to have up to two registered users (also called purchasing contacts) who may collect radionuclides at the Central store (“Sentrallageret”) at the MH-building.
 
5. The person who collects radionuclides from the supply office, must store the radionuclides and report their arrival to the user (he/she may also hand the radionuclide directly to the user).

6. The institute or the department must document orders for and delivery of radionuclides in "Handbook for radiation safety".
7. Use of electronic dispensers with user codes may replace Nos. 2 and 4-6 above. The person in charge of the dispenser will then function as the supply office. 
7.3
Storage

Storing of radioactive materials should be limited to a minimum.
1. All radioactive materials are to be stored in lockers or rooms which are locked. This locker/room is to be marked for radioactivity with standard warning sign (Attachment 1) and with an informative text (e.g. “Storage area for radionuclides”). The storage should be defined as controlled area (c.f. Section 4.2).
2. The booklet "Handbook for radiation safety" is to contain a map or other explanation which details all storage areas for radioactive material in the department.

3. Mark the radioactive material/sample with warning sign (Attachment 1), radionuclide, activity, name and date.

4. Total activity limits (Bq) for storage are given in Attachment 4.

5. Radioactive materials are to be shielded so that the dose rate in accessible areas is lower than 7.5 Sv/t.  Total annual dose to a user from storage should be lower than 1 mSv.  This means that the dose rate to regular workplaces for users should not exceed 0.5 Sv/h. Annual doses to other persons from storage must not exceed 0.25 mSv (not more than 0.1 Sv/h to regular workplaces).
7.4
Work routines

1. Always use gloves and laboratory coats. Two pairs of gloves will provide greater protection against contamination on the hands, and against exposing from low energetic -radiation. Use glasses if there is any danger of spraying, and as protection against external radiation.

2. Change gloves frequently. Gloves can be a source of contamination. When using two pairs of gloves, the outer pair may be changed. Take off the gloves (both pairs) and wash your hands when you leave the laboratory. If you are to touch equipment that you have used in the laboratory, wear a glove on one hand. Never touch door handles, telephones, etc. while wearing gloves.

3. Use bench coat (plastic-coated paper covers) whenever possible.

4. Use disposable equipment whenever possible. Glass equipment that is contaminated with radioactivity should not be delivered to the department for glass washing, but must be washed by users themselves. The water used for the first rinse is classified as radioactive waste.
5. Mark all samples/bottles, etc. with warning sign (Attachment 1), name, date and contents (radionuclide and activity) if they contain radionuclides, and you have to leave them unattended.

6. Protect yourself against any external radiation

· use low activities
· keep your distance from radiation sources 
· work for only short periods close to radiation sources 

· use shielding if necessary.
7. Eating and drinking in the laboratory are prohibited.
8. If automatic pipettes are used regularly for work with radioactive materials, these are to be reserved specifically for this work.

9. Use suction when filtering, not overpressure.

10. Avoid radioactive spillages. Check constantly with a portable monitor during experiments (if the radionuclide is detectable). Do not spill radioactivity on the skin or clothes. In cases of spillage/accidents, dry up the spillage at once. The longer you wait, the more difficult it will be to clean up.

11. When the experiment is completed, the workplace must be cleared and checks conducted with a portable monitor (if the radionuclide is detectable). After experiments with large activities/doses (more than 30% of the activity limit, cf., Attachment 4) of a radionuclide that cannot be detected with a hand-held counter, a cloth test must be carried out.

7.5
Waste

Radioactive waste and waste that may be contaminated by radionuclides must be handled as laid down in Guidelines for disposal of dangerous waste at the University of Tromsø (“Retningslinjer for farlig avfall ved Universitetet i Tromsø”).

Radioactivity in water solutions should not be disposed in any sink without permission from the University director (by the Radiation safety officer)

All other radioactive waste must be placed in "Yellow plastic hazardous waste boxes"  in the laboratory. The boxes must:

· have a fixed location in a controlled area (the location should be marked on a plan, or be explained in the "Handbook for radiation safety")

· be specially shielded (using lead/Plexiglas) if there are radionuclides in the waste that may radiate through the carton and the metal box (<7.5 Sv/h in accessible area)
· be closed and marked before it is overfilled, and are then to be temporarily stored in a predetermined place for collection

· be delivered to the collection point for further disposal in accordance with current routines.
The amount of waste from a project shall never exceed the amount that is registered in the actual “Registration scheme for work with ionizing radiation” point 9 (revised edition of Nov. 2006).
7.6
Transport of radioactive material

7.6.1
Internal transport

If radioactive material is to be removed from the laboratory, it must be: 

· marked with warning sign (Attachment 1)

· shielded so that other persons are not exposed to radiation in excess of 7.5 Sv/h
· contained in boxes/vessels so as to avoid spillage

· transported in a secure manner (e.g., in a basket or on a trolley)

· under constant supervision.
7.6.2
Transport by car

While being transported on a public road, radioactive materials must:

· be packed so that there will be no spillage, and so as to be capable of withstanding jolts

· be marked with warning sign (Attachment 1), radionuclide, activity and contact person (the label can be inside the packing, but it must be seen when the packing is opened)
· be placed in the car so that the packing will not break or disintegrate

· be shielded so that driver and passengers are not exposed to radiation (<7.5 Sv/h)
· not be left in an unlocked car.

If the activities exceed the limits for “Excepted material” and for “Exception dispatch” (Attachment 6, Table E6.1), the transport should conform to ADR regulations.

7.6.3
Transport by air

Radioactive material may be carried, in accordance with the IATA regulations, by a transport firm such as SAScargo (it must not be sent by ordinary post):

•
make arrangements with the transport firm in advance

•
pack the radioactive material in secure leak proof packaging that will withstand jolts and knocks

•
shield the material so as to minimize exposure outside the package (this will determine the classification of the package)

•
fill in form 1540C "Shipper's Declaration for Dangerous Goods" (classification almost the same as in ADR regulations (Attachment 6), but it should be clarified by the transport firm)
7.7
Accidents

See also Section 4.6.

7.7.1
Contaminated persons

Persons who may be contaminated with radioactive material, must wash thoroughly and if necessary shower and change clothes. Persons who may have been exposed to an intake of radioactive iodine may take an iodine tablet as soon as possible after the intake of radiation.(within ½ hour).
7.7.2
Cleaning contaminated area
1. Use necessary protective gear (e.g., gloves, laboratory coat, glasses, shielding, overshoes, gas mask).
2. Mark the contaminated area. Be sure that all the contamination is inside the markings.

3. Wash the contaminated area, wiping from the edges (outside the markings) and then moving towards the centre of the contaminated area. Use water, soap and water, or special decontamination agents.
4. Wash/wipe several times and check activity after each wash (portable monitor/wipe test).
5. Continue decontaminating until activity in the area is constant after several washes.
6. If activity remains higher than 40 Bq/cm2, the area must remain closed off until the activity has gone below this limit by natural decay (cf., half-life, Attachment 5). For clothes, skin, and outside the working area, the limit is 4 Bq/ cm2.
7. When activity is constant after washing, and has gone below the limit, the area may be defined as clean.
8. The contamination measurements must be documented in "Handbook for radiation safety" or in the log book.

7.8
Intake checks of radionuclides
After experiments with large activity of radioactivity, and after accidents which have resulted in intake of radionuclides, the user or other person who has received the radiation dose shall be checked for intake. This may in most cases be done by measuring a urine sample in a scintillation counter 2-3 days after any intake. 
Intake of radioactive iodine can be registered by measuring the activity in the thyroid gland (in the neck) with a portable monitor.

7.9
Routine checks

See also Section 4.8.

Institutes or departments which use open radioactive sources, shall set routines for regular contamination checks.
If the only radionuclides used can be detected with a hand-held monitor, this can be used. If radionuclides have been used that emit low-energy ß-radiation (e.g., 3H, 14C, 33P, 35S, 45Ca), a wipe test is to be carried out.

8.
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ATTACHMENTS

Attachment 1: Warning symbol and warning sign for ionizing radiation 
Attachment 2: Registration of project involving experiments with ionizing radiation 
Attachment 3: Annual report 

Attachment 4: Activity limits for different laboratories
Attachment 5: Properties of various radionuclides
Attachment 6: Extract of ADR-regulations
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