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KTH’s Radiation Safety Handbook
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1 Foreword

The Radiation Safety Handbook must be accessible to everyone involved in work with ionizing
radiation at KTH. This includes work involving the use of ionizing radiation originating from
radionuclides or technical equipment such as X-ray sources or accelerators. The responsible
regulatory agency is the Swedish Radiation Safety Authority (SSM).

2 Radiation Safety Organization
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KTH is divided into five schools and administrative/operational support. Each school consists
of a number of departments located at KTH's various campuses. The responsibility for the
work environment lies with managers in a lineal organization as shown in the diagram above.
The Department of Safety and Security organizes radiation safety work centrally and manages
contact with SSM. Additionally, KTH has a Radiation Safety Expert who provides competence
specific support.

Each school has an appointed Contact Person for Radiation Safety who constitutes the link
between The Department of Safety and Security and the labs where work is being conducted
and coordinates the school's radiation safety work.

2 (13)



&by

SNy,
£KTH £

VETENSKAP
28 OCH KONST %%

s

Each site must also have a Site Contact Person with ongoing knowledge of the work being
conducted, local routines and the radiation safety measures required.

Everyone who performs work at KTH has a responsibility to ensure work is carried out in a
safe manner. This includes, completing the required education, reading the radiation safety
handbook, completing risk assessments, following outlined precautions and reporting any
incidents, accidents or risks.

Visit https://intra.kth.se/en/campus/sakerhet/verksamhetssakerhet/stralsakerhet for

additional information and the contact details for individuals with roles in KTH’s radiation
safety organization.

3 Permit and source registration for work with ionizing radiation

KTH has a central permit for work with ionizing radiation. The conditions of the permit
stipulate that KTH must have a management system for radiation safety work (available in
Swedish at the link below) and an SSM accredited Radiation Safety Expert.

https://intra.kth.se/en/campus/sakerhet/verksamhetssakerhet/stralsakerhet/stralsakerhets
organisation-och-utbildningar-1.1035934

Higher activity radiation sources are subject to registration or require a permit and must be
individually registered with SSM prior to purchase. Upon disposal, these radiation sources
must also be removed from KTH’s register. Source removal requires documentation
confirming the disposal method. In order to register or deregister a source, contact the
Department of Safety and Security at radiationsafety@kth.se.

4 Educational Requirements

Prior to performing practical work with ionizing radiation everyone working at KTH must
complete KTH’s digital Radiation Safety Course. Registration for the course is found at the
following link: https://www.kth.se/form/radiation-safety-education. The course must be
completed a minimum of once per 5 years. Site specific training regarding local routines is
also required prior to beginning work.
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5 Categorization of personnel and lab spaces

5.1 Categorization of personnel

Categorization of personnel is performed in consultation with KTH’s Radiation Safety Expert.
Personnel must undergo categorization into category A or B if ONE of the following is
determined possible:

e The annual effective dose exceeds 1 mSv
e The annual equivalent dose to the lens of the eye exceeds 15 mSv

e The annual equivalent dose to the hands, fore-arms or the skin exceeds 50 mSv

Personnel belong to Category A if ONE of the following is determined possible:
e The annual effective dose exceeds 6 mSv
e The annual equivalent dose to the lens of the eye exceeds 45 mSv

e The annual equivalent dose to the hands, fore-arms or the skin exceeds 150 mSv

Personnel belonging to category A must undergo medical checks on a regular basis and use a
personal dose meter. If you need to schedule a medical check, contact KTH’s occupational
health care provider.

Personnel that require categorization according to the criteria listed above, but do not belong
to category A automatically belong to category B. For category B personnel, surveillance of
doses must be carried out as required to ensure they have been correctly categorized.

5.2 Categorization of lab spaces

Depending on the work conducted, lab spaces may also require official categorization as
“controlled” or “protected” areas. The categorization of labs is performed in consultation with
the Radiation Safety Expert.

Categorized spaces require additional signage designating a “controlled” or “protected” area.
The signage must consist of a warning symbol for ionizing radiation and indicate the type(s)
of radiation sources present in the area.

Controlled area: significant risk for contamination and/or personnel belonging to category
A
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Sites where personnel can receive annual radiation doses such that the effective dose exceeds
6 millisieverts or where significant radioactive contamination can be spread to surrounding
premises or workplaces.

A controlled area must be demarcated and procedures required prior to access must be
documented. Only personnel with sufficient radiation safety competence specifically
assigned to perform tasks in the controlled area should have access. Additional personnel
may only be allowed access to a controlled area in the company of an authorized person. One
must be at least 18 years of age to enter a controlled area.

Protected area: personnel belonging to category A or B

Protected areas are sites where personnel can receive annual radiation doses such that the
effective dose exceeds 1 millisievert, the equivalent dose to the lens of the eye exceeds 15
millisieverts, the equivalent dose to extremities exceeds 50 millisieverts or the equivalent dose
to the skin as an average over 1 square centimetre exceeds 50 millisieverts, regardless of size
of the area exposed.

5.3 Signage

It is required to label spaces and materials that come in contact with radioactive material with
the radiation safety symbol including;:

¢ Doors to laboratories or storage rooms
e Refrigerators

e Sinks

¢ Equipment/instruments

e Glassware

6 Practical safety measures

All procedures must be risk assessed prior to beginning work in the lab. Additionally, for
work with radioactive materials, or other sources of ionising radiation such as X-ray tubes the
dose rate in a laboratory where personnel actively work is recommended not to exceed 2
uSv/h. Practical safety measures to consider when working with radioactive material are
outlined below. At KTH, the ALARA (As Low As Reasonably Achievable) principle applies,
which states that you should expose yourself and others to as low a radiation dose as
reasonably possible.
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Measures to minimize dose rate (exposure):

Limit/reduce exposure time
Maximize the distance between you and the radiation source
Use effective shielding

Avoid contamination

Shielding of radiation sources:

The required material and thickness for effective shielding depends on the type and energy of
radiation. Some examples are given below:

B-radiation <300 keV: Determined based on activity (e.g. 14C, 3H, 35S)

B-radiation > 1 MeV: 10 mm plexi glass (e.g. *P)

y-radiation: A few cm of lead reduces the dose rate from a source emitting 1 MeV y-rays
approximately a factor 10.

Measures against exposure due to internal irradiation:

Food and tobacco products are strictly forbidden in the lab.

Cover surfaces with plastic backed absorbent paper. Replace the paper regularly.
Volatile substances and powders must be handled in fume hoods.

Use protective clothes and gloves. In case of stench risk, use eye and hair protection.

Surfaces, equipment, clothes and hands should be checked for contamination after
finishing the experiment.

Measures against exposure due to skin contamination:
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Always use gloves
Check for contamination
Wash your hands following radiological work.

In the event of contamination follow the Accident Response Checklist

Additional safety measures:

The use of radioactive materials should be restricted to designated locations

All personnel in the radiation area must be informed of the risks and routines (even if
they do not directly work with radioactive material).

Label all the material used for radioactive work with radiation stickers (Radionuclide,
Activity, Date).

Fume hoods should be used if there is the possibility of producing airborne
radioactivity

Work behind a plexiglass screen when using [3-emitters or lead glass when using y-
emitters.

Store radioactive material behind appropriate shielding.
Monitor surfaces, tools and protective clothes using a suitable instrument.

If possible, use only one clearly labelled sink for the washing of contaminated lab ware
and dilution disposal of aqueous radioactive waste.

Clearly label Refrigerators, etc. where radionuclides are stored.

Practise new experimental procedures first using non-radioactive substances.

7 Internal checks for contamination

Instrument checks

Following completion of an experiment, surfaces and clothes must be checked for
contamination using a suitable instrument. Contamination must be reported as a risk and the
Site Contact Person must be informed.
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All instruments for dose monitoring must be calibrated once a year and this calibration must
be documented. If a calibration source is not available, contact radiationsafety@kth.se.

Wipe tests

A wipe test involves wiping a surface with, for example, a filter paper or a swab and then
measuring the radioactivity on the wipe to assess contamination.

8 Routines for the storage of radionuclides

Radioactive substances must be stored in a safe way (see guidelines listed below). Note that
storage requirements also apply to radioactive waste.

« Storage sites must be accessible only to approved personnel.

» The storage must be shielded so that the dose rate does not exceed 20uSv/h at sites
where personal enter for short periods of time, or 2 uSv/h in active workspaces.

« Radioactive material must be labelled (radionuclide, activity and date).

« Storage must be safe in case of fire

Signage Requirements
Storage rooms must be clearly marked with warning signs that indicate the type of source.
Depending on the source type, different information is required to be present on the sign as
described below.

e Open sources: include the radionuclide content.

e Sealed sources: specify the type of shielding and if it is fireproof.

e X-ray sources: include the location of the main power switch.

9 Requirements for documentation
In addition to registering sources as required with SSM, maintaining a current inventory,

local safety routines and risk assessments the documentation requirements listed below
apply.

9.1 Controlled areas

In controlled areas all procedures must be documented including the following information:
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¢ Radionuclide and activity

e Date

e  Who performed the work

e Accidents/Incidents (unexpected events)

¢ Results from dose monitoring

9.2 Open sources
Sites with open sources require the following documentation:

¢ Results from dose monitoring (contamination control)
e Results from personal dosimetry and estimation of internal doses

e List of calibration sources

9.3 Sealed sources, X-ray sources and accelerators
Alogbook including the name of user, date and time and type of work must be maintained.

9.4 HASS sources (High Activity Sealed Source)

For Hass sources, extra requirements and documentation apply. For more information see
“Vagledning till SSMFS 2018:1, Bilaga 6”.

https://www.stralsakerhetsmyndigheten.se/contentassets/edd48d6fan114e9cb3aeo7f3956ba
bee/vagledning-med-bakgrund-och-motiv-till-stralsakerhetsmyndighetens-foreskrifter-
ssmfs-20181-om-grundlaggande-bestammelser-for-tillstandspliktig-verksamhet-med-
joniserande-stralning.pdf

10 Waste Management

Every site must have documented waste management routines specific to the type of
radioactive waste generated. Work with radioactive substances must be planned so as to
minimise the quantity of waste that must be disposed of as radioactive waste. To this end,
radioactive substances must not be mixed with other kinds of waste to the degree possible.
Guidelines regarding waste classification and management are summarized below.
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10.1 Gaseous radionuclide waste

In activities where gaseous radionuclides are produced or generated from systems with
labelled radioactive substances, the contribution to the radiation dose from the emissions is
estimated and the information and the method used to calculate the correlation between the
activity released and the effective dose must be documented. The Radiation Safety Expert
must be consulted prior to beginning any work that may give rise to air emissions.

10.2 Solid radioactive waste

All solid waste (paper balls, plastic, glass, etc) and solutions, precipitates, filtrates, etc.
containing radioactive substances must be disposed of as radioactive waste. The radioactive
waste must be packed in a waste container, a well-sealed internal plastic bag and, if the waste
is or can become a liquid, absorbent corresponding to twice the quantity of waste in liquid
form.

10.3 Liquid radioactive waste (including scintillation liquids)

Radioactive liquid solutions may only be poured into the drain in accordance with rules
defined by the Swedish Radiation Safety Authority (SSMFS 2018:1, 5 kap. §7-8 och SSMFS
2018:3) and only after consultation with KTH's radiation safety specialist
(radiationsafety@kth.se). Organic and environmentally hazardous/harmful solvents such as
liquid scintillation solutions must be packed in plastic or glass bottles placed in a waste
container together with a sufficient quantity of absorbent to prevent leaks. Flammable
scintillation solutions must always be packed in small plastic and glass bottles with an
aggregate volume of no more than 1 litre per waste container. Absorbent must be added to the
vessel; the quantity must correspond to a capacity to absorb at least double the quantity (2
litres) of liquid. For non-flammable liquid scintillation solutions, no more than 5 litres may be
packed in a waste container with a sufficient quantity of absorbent.

10.4 Sealed radiation source waste
Contact radiationsafety@kth.se to arrange for the disposal of sealed radiation sources.

10.5 Documentation of waste management

The management of radioactive waste must be documented at the site where it is generated.
Be aware that the company KTH has procured to manage hazardous waste (SEKA) accepts
only limited types of radioactive waste and investigate disposal options prior to generating
waste.

10 (13)


mailto:radiationsafety@kth.se
mailto:radiationsafety@kth.se

&by

Ly,
ZKTHY

VETENSKAP
28 OCH KONST %%

s

e stored waste of radionuclides with a half-life of >10 h, stating the nuclide, activity
and surface dose ratio on a particular date, origin and identity with traceability to a
waste container

¢ annual activity of radionuclides with a half-life of >10 h that have been sent to a
combustion plant or have been washed down a drain

e annual activity that has been released to the air

e The documentation must be retained for at least 10 years after the final disposal
of the waste.

11 Internal transport checklist for radioactive material

The transport of radioactive materials should be minimized to the degree possible. When
transport is necessary follow the steps below.

1.

Pack the material in a sealed and shielded container (ensure a maximum dose rate of 2
uSv/h outside the container).

Label the material (Radionuclide, Activity and Date).
Maintain surveillance of the radioactive material during transport.
In case of an accident/incident, evacuate the area and contact the site contact person.

Report the incident in the IA system and contact the radiation safety expert.

12 Local Routines

In addition to completing the required education and familiarizing yourself with the
Radiation Safety Handbook, all employees working with radioactive material must receive an
introduction to local routines at the site where they will work. The following are examples of
information included in local routines.

Action plan and any materials required for responding to mishaps, specific to the
material on site

Storage/ inventory routines on site
Instructions for cleaning and contamination checks

Instructions for the use of instruments
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¢ Routines regarding waste documentation and disposal

e Information regarding the risks present in shared lab spaces

13 Risk assessment

All procedures with ionizing radiation need to be risk assessed prior to beginning any work in
the lab. The risk assessment must be approved by your nearest supervisor. For guidance with
completing this process, please see KTH’s Template for Risk Assessment of Work with
Ionizing Radiation (see attachment 1).

14 Response Checklist for Accidents, Incidents or Risks

All accidents, incidents and risks must be reported in the IA incident reporting system
(https://intra.kth.se/en/anstallning/arbetsmiljo/anmalan-av-tillbud-risk-och-arbetsskada-
1.490817). Depending on the seriousness of the event it may also be necessary to inform the
KTH Radiation Safety Expert and/or to submit a report to SSM.

Basic accident, incident and risk response steps are outlined below. More detailed response
plans that take into consideration the specific material you are working with, what type of
personnel protective equipment anyone responding to the accident should use and the
management of waste including contaminated materials must be available on site.

14.1 Contaminated personnel (accident)
1. Remove contaminated gloves, clothes, shoes, etc.

2. Use a suitable instrument to monitor skin contamination.

3. Contaminated skin should be washed with water (large amounts) and mild soap. DO
NOT use abrasives, detergents or organic solvents. Wash the affected area until no
further reduction in contamination can be achieved.

4. Ifthe affected area remains contaminated after extensive washing, contact a hospital.

5. Report the accident, inform your local contact person and the radiation safety expert.

14.2 Mishap without contamination of personnel (incident)
1. Monitor the affected area for contamination using a suitable instrument.

2. Use paper to absorb radioactive liquid.
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3. Monitor the affected area.

4. Ifthe affected area cannot be effectively decontaminated, the radiation safety expert
should be contacted.

5. Report the incident inform your local contact person.

14.3 Deficiency that has not yet led to an accident or incident (Risk)
1. Report the deficiency in the IA system and to the site contact person

2. Identify/take measures to mitigate the risk

3. Evaluate if the risk has been effectively mitigated.

15 Examples of Equivalent and Effective Dose Calculation
For examples of dose calculation see “Vigledning till SSMFS 2018:1, Bilaga 1”

https://www.stralsakerhetsmyndigheten.se/contentassets/edd48d6fao114eqcb3aeo07f3956ba

bee/vagledning-med-bakgrund-och-motiv-till-stralsakerhetsmyndighetens-foreskrifter-

ssmfs-20181-om-grundlaggande-bestammelser-for-tillstandspliktig-verksamhet-med-
joniserande-stralning.pdf

16 Regulations from the Swedish Radiation Safety Authority (SSM)
Regulations from SSM are available in full at www.ssm.se.
Stralskyddslag 2018:396

SSMFS 2018:1 Stralsidkerhetsmyndighetens foreskrifter om grundlaggande bestimmelser
for tillstandspliktig verksamhet med joniserande stralning

SSMFS 2018:2 Stralsikerhetsmyndighetens foreskrifter om anmalningspliktiga
verksamheter

SSMFS 2018:3 Strélsikerhetsmyndighetens foreskrifter om undantag fran stralskyddslagen
och om friklassning av material, byggnadsstrukturer och omraden
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