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The reader connects via a USB cable to an external computer that controls the setup, analysis
and data recording.

Calibration can be achieved using a set of calibration dosemeters.
A diagnostic (80 kVp) set can be supplied on demand.

The microStar reader includes operating, analysis and dose calculation
algorithm software, laptop computer, carrying case, and a choice
of InLight whole body dosemeters or nanoDots for single point

measurements. > InLight dosemeter
Dimension 12 cm x 33 cm x 24 cm
Weight 16 kg
Electrical power source 110240V, 1.5 amp,
50 — 60 Hz
Energy Range (x-ray, gamma and beta) from 5 keV to 40 MeV
Measurement scale from 0.05 mGy to 10 Gy

b. Other readers

LANDAUER EUROPE can provide InLight analysis equipment and dosemeters for customers
who have their own on-site operations. Thus, you can choose LANDAUER EUROPE’s complete
approved dosimetry service or have your own dosimetry service in-house, utilising InLight®
readers on your site.

Their advantages:

* no heating parameters to control;

® N0 gas required,;

e reduced maintenance requirements;
e fast reader throughput;

e simple calibration process.

Three models exist with flexible handling options:

200 automatic reader 500 automatic reader

Desk-top model Desk-top model On floor model
13 sec red-out time 280 dosemeters /hour 280 dosemeters/hour
Upto 4 cassettes each Upto 10 cassettes each

ETTIE [REGIE) G o T holding 50 dosemeters holding 50 dosemeters

36 LED 36 LED 36 LED



4.4.2 Dots

a.TLD dot

- Qverview

The TLD dot is for use in single point radiation assessments. It measures radiation exposure with
a ThermoLuminescent Dosemeter (TLD), like the Ring (see section 5.1.2).

4 Front view Size )
Dot: 4x4mm
X 10/C1/07 X Thickness: <1 mm
181¢8¢C oooaeal Package: 37 x 25 mm
i 610641 8R
\ J

The TLD dots use a Lithium Fluoride (LiF) chip with no binder as the detector. It is enclosed in a
plastic pouch that protects against contamination. Dots are identified by a serial number written
on a paper enclosed on the plastic pouch.

This compact dosemeter could be used in difficult access places. The plastic pouch enables the
TLD dots to be sterilised without compromising the integrity of the dosemeter.

For instantaneous reading, we recommend the use of our portable reader microStar and
nanoDots (OSL dots).

Measurements
X-rays 15 keV to 8 MeV 0.30 mSv 10 Sv
Gamma 15 keV to 8 MeV 0.30 mSv 10 Sv
Beta > 150 keV 0.30 mSv 10 Sv

The results are provided in individual dose equivalent, Hp(0.07).
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b. nanoDot

- Overview

The nanoDot® dosemeter is for use in single point radiation assessments. The nanoDot dosemeter
measures radiation exposure with Optically Stimulated Luminescence (OSL) technology. This
dosemeter is designed to be read out using a microStar® reader.

Each nanoDot is a dot of OSL material with a diameter of 4 mm. It is enclosed in a light-tight
carrier, and is shipped enclosed in a plastic packet that protects against contamination. Carriers
have unique serial numbers for identification and tracking.

/" Close view in nanoDot in a

plastic packet SRR microStar adaptor Sl

Width: 10 mm
Height: 10 mm
Thickness: 2 mm
Package: 45x40 mm

y

The nanoDot is designed for the client with extensive data management capabilities who prefers
to independently maintain data and issue exposure reports. This compact dosemeter can be used
in awkward to access places. The plastic packet enables it to be sterilised without compromising
the integrity of the dosemeter.

With a microStar reader, the nanoDot gives an immediate measurement of the dose. For reading,
the dosemeter is pulled out from its plastic pouch and clipped in a carrier. microStar permits an
in situ analysis.

Measurements

X-rays from 5 keV to 40 MeV  0.05 mGy* 10 Gy
Gamma from 5 keV to 40 MeV  0.05 mGy* 10 Gy
Beta from 150 keV to 10 MeV  0.05 mGy* 10 Gy

* Results expressed in absorbed dose



c. Dosemeter features

The OSL nanoDot is a detector which has several advantages:

* no angular dependence;
radiotranslucent;

non destructive read out
no fade

L]
L]
L]
e stable to read after 10 minutes following irradiation
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5.1 Technologies used by LANDAUER EUROPE
5.1.1 OSL

Since 2000, LANDAUER have adopted the use of the OSL (Optically Stimulated Luminescence)
technology for assessing personal dose.

OSL has been developed using material manufactured by LANDAUER to its own specifications:
aluminium oxide doped with carbon (Al,O,:C).

a. Principle

Within a number of materials, the electrons and holes produced during radiation exposure can
become trapped at crystal defects. These remain stored until they are excited, or stimulated, from
these traps giving rise to optical emission. The intensity of the optical emission is a function of
the radiation exposure and the method/intensity of the stimulation. If the trapped charges are
excited by thermal stimulation (thermoluminescence) then most of them are released and any
record of the radiation exposure is lost. However, if the trapped charges are optically stimulated,
only a small fraction of the trapped charge is released. The process is optimised by the frequency
of the stimulating light, the characteristics of the photomultiplier used to detect the emitted
light, and the material used as the OSL detector.

During readout, only a small fraction of the trapped charges are released. Thus, much of the
trapped charge is retained following stimulation and may be released in subsequent stimulations.
This enables OSL dosemeters to be read out many times without significant lost of signal.

b. Material used by LANDAUER: AlO,.C

As its detectors, LANDAUER use aluminium oxide doped

with carbon (Al,O,:C). The aluminium oxide, Al,0,:C, used

in our dosemeters is produced at the LANDAUER Crystal

Growth Facility in Stillwater, USA. AL,O,:C (corundum or

sapphire) is used primarily because of its high sensitivity

> OSL strip to radiation, 40 — 60 times that of LiF (TLD-100). It has

a principal emission peak at 410 — 420 nm (blue). It also

has excellent properties for radiation dosimetry, including linear response up to 50 Gy. Al,0,:C

powder is obtained by grinding crystals and sifting the powder to the desired size range. This

powder is mixed with a polyester binder and coated onto a roll of polystyrene film. The aluminium

oxide layer is approximately 0.2 mm thick sandwiched between polyester foils 0.03 mm thick
(top) and 0.1 mm thick (bottom).

Each reel of detector material received by LANDAUER is assessed for suitability by stringent
quality assurance testing. The sensitivity of the material is printed on the top of the detector
strip.



c. Advantages

The combination of OSL and Al,0,:C has many advantages:
¢ high sensitivity, improving low dose precision and enabling thin layer dosemeters;
e possibility to re-analyse the dosemeters as very little of the signal is lost in each read.

Elimination of the heating process permits more possibilities for the design of dosemeters, including:
e powder coatings on clear film bases;

e simpler and more reliable analysis instrumentation;

e hetter control over the amount of luminescence emitted.

The aluminium oxide is not affected by heat or moisture.

More information is available at http://www.osldosimetry.com.

5.1.2TLD

a. Principle

Like OSL, the thermoluminescence dosimetry (TLD) technology is based
on the principle of detecting light emission following stimulation of the

irradiated material. For TLD, the stimulation is achieved by heating the
181 C8 oitan ] dosemeter.

X 10/C1/07 X8

>TLD dot Unlike OSL, in which very little of the trapped charge is stimulated,
thermally stimulating the material empties most of the trapped charge. They cannot generally
be re-read with accuracy.

b. Material used by LANDAUER: LiF

The material used by LANDAUER for this technology is lithium fluoride, LiF.

c. Advantages

The LiF detectors are small and relatively tissue equivalent. LANDAUER uses them for
measurements of extremity doses (eg Ring dosemeters).

5.1.3 CR-39

CR-39 is widely used for personal neutron dosimetry. CR-39 is a solid state
nuclear track detector (SSNTD).

> CR-39 and
a. Principle radiator

The principle of measurement is based on counting the number tracks etched into the surface
of a CR-39 detector after irradiation. These tracks are caused by, either recoil protons produced
by the interaction of neutrons with the hydrogen atoms contained in a polyethylene radiator, or,
alternatively, alpha particles produced from the °B(n, a)’Li reaction in a boron loaded radiator.
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b. Material used by LANDAUER: CR-39 B hed

0o i
CR-39 is a polycarbonate plastic comprising: poly-allyl diglycol © o2 i
carbonate (PADC). (%) a8 o
Following irradiation, the material is etched in a bath of sodium . q° °o° :
hydroxide, for approximately 15 hours at 70°C, to enlarge the :
proton recoil or alpha tracks. The dose is then evaluated by 0O o

counting the number of tracks. > Neutrons tracks in CR-39

c. Advantages

LANDAUER uses CR-39 produced to our own specifications for our Neutrak dosemeters.

It covers a broad range of energy: thermal, intermediate and fast neutrons. For the thermal
neutrons, a plate of Teflon charged to boron is added to the dosemeter.

CR-39 is insensitive to x-rays, beta and gamma.
5.2 Regulations concerning health and safety at work
5.2.1 The regulatory framework

The lonising Radiations Regulations 1999 (IRR99) is the principal legislation covering radiation
protection in the UK.

The regulations implement the provisions of European directives (Euratom 90/641 and 96/29).
These directives are based on the recommendations of the International Commission on
Radiological Protection (ICRP).

The regulations impose duties on employers to protect their employees and other persons from
ionising radiation arising from their operations with radioactive substances and other sources
of ionising radiation.

5.2.2 The enforcement of the lonising Radiations Regulations

a. Principles

-+ Employer responsibilities

«Every radiation employer shall, in relation to any work with ionising radiation that he
undertakes, take all necessary steps to restrict so far as is reasonably practicable the extent to
which his employees and other persons are exposed to ionising radiation.»

IRR99 - 8.(1)

---2 Radiation protection adviser

«...every radiation employer shall consult such suitable radiation protection advisers as are necessary
for the purpose of advising the radiation employer as to the observance of these Regulations...»



«Employers shall consult one or more suitable radiation protection advisers for:
1.the implementation of requirements as to controlled and supervised areas;

2.the prior examination of plans for installations and the acceptance into service of new or
modified sources of ionising radiation;

3.the regular calibration of equipment provided for monitoring levels of ionising radiation and
the regular checking that such equipment is serviceable and correctly used,;

4.the periodic examination and testing of devices and regular checking of systems of work
provided to restrict exposure to ionising radiation.»

IRR99 — 13.(1) and Schedule 5

Dose limitation

«...every employer shall ensure that his employees and other persons (...) are not exposed to
ionising radiation to an extent that (...) any dose limit is exceeded in any calendar year.»

Effective dose Equivalent dose

Employee 20 mSv 150 mSv 500 mSv 500 mSv

U (I 6 mSv 50 mSv 150 mSv 150 mSv

18 years hold

Women of

reproductive The limit for the abdomen is 13 mSv in any consecutive period of 3 months

capacity

Pregnant

The limit is ImSv during the remainder of the pregnancy
woman

Breastfeeding
woman

Restriction of exposure in accordance with IRR99 - 8.(5)

Other persons 1 mSv 15 mSv 50 mSv 50 mSv

IRR99 - 11.(1) ans Schedule 4

«Where an employer is able to demonstrate in respect of any employee that the dose limit
is impracticable having regard to the nature of the work undertaken by that employee, the
employer may in respect of that employee apply the dose limits for a five calendar years period.»

IRR99 — 11.(1)(2)

«Every employee shall (...) ensure an investigation is carried out forthwith when the effective dose of
ionising radiation received by any of his employees for the first time in any calendar year exceeds 15 mSv...»

IRR99 - 8.(7)
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-+ Designation of controlled and supervised areas

e Controlled area

«Every employer shall designate as a controlled area any area under his control which has been

identified by an assessment made by him as an area in which -

(a) it is necessary for any person who enters or works in the area to follow special procedures
designed to restrict significant exposure to ionising radiation,

(b) any person working in the area is likely to receive an effective dose greater than 6 mSv a year
or an equivalent dose greater than three-tenths of any relevant dose limit...»

IRR99 — 16.(1)

e Supervised area

«An employer shall designate as a supervised area any area under his control in which -

(a) it is necessary to keep the conditions of the area under review to determine whether the area
should be designated as a controlled area; or

(b) in which any person is likely to receive an effective dose greater than 1 mSv a year or an
equivalent dose greater than one-tenth of any relevant dose limit...»

IRR99 - 16.(3)

«The radiation employer shall -

(a) appoint one or more suitable radiation protection supervisors for the purpose of securing
compliance with these Regulations in respect of work carried out in any area made subject
to local rules(...); and

(b) set down in the local rules the names of such individuals so appointed.»

IRR99 - 17.(4)

b. Work conditions and follow-up of workers on radiation exposed zone

«...the employer shall designate as classified persons those of his employees who are likely to
receive an effective dose in excess of 6 mSv per year or an equivalent dose which exceeds three-
tenths of any relevant dose limit and shall forthwith inform those employees that they have been
so designated.»

IRR99 - 20.(1)

-+ Personal monitoring: selection of an Approved Dosimetry Service

«...the employer shall make suitable arrangements with one or more approved dosimetry service

for -

(@) the making of systematic assessments of such doses by the use of suitable individual
measurement for appropriate periods...; and

(b) the making and maintenance of dose records relating to each classified person.»

IRR99 - 21.(2)



«The employer shall provide the approved dosimetry service with such information concerning his
employees as is necessary for the approved dosimetry service to comply with the arrangements
made for the purposes of paragraph (2).»

IRR99 — 21.(4)

«Every employer shall ensure that those of his employees who work with ionising radiation are

given appropriate training in the field of radiation protection and receive such information and

instruction as is suitable and sufficient for them to know -

(i) the risks to health created by exposure to ionising radiation;

(i) the precautions which should be taken; and

(iii) the importance of complying with the medical, technical and administrative requirements of
these Regulations.»

IRR99 — 14.

«An employer who has designated an area as a controlled area shall, in relation to an outside
worker, ensure that the outside worker is subject to arrangements for estimating the dose of
ionising radiation he receives whilst in the controlled area...»

IRR99 — 18.(4)

c. Prior risk assessment and area monitory

«Before a radiation employer commences a new activity involving work with ionising radiation
in respect of which no risk assessment has been made by him, he shall make a suitable and
sufficient assessment of the risk to any employee and other person for the purpose of identifying
the measures he needs to take to restrict the exposure of that employee or other person to
ionising radiation.»

IRR99 - 7.(1)

«Every employer who designates an area as a controlled or supervised area shall take such steps
as are necessary (otherwise than by use of assessed doses of individuals), having regard to the
nature and extent of the risks resulting from exposure to ionising radiation, to ensure that levels
of ionising radiation are adequately monitored for each such area and that working conditions
in those areas are kept under review.»

«The employer (...) shall provide suitable and sufficient equipment for carrying out the
monitoring...»

IRR99 — 19.(1)(2)
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5.3 Glossary

Absorbed dose

The amount of energy absorbed per unit mass of material. The standard unit for absorbed dose
is the gray (Gy).

ALARA : “as low as reasonably achievable™

Overarching principal in radiation protection which means employers should make every
reasonable effort to maintain exposures to ionising radiations as low as possible.

Alpha particle (a)

A helium nucleus that has a mass number of 4 and an electrostatic charge of +2. It has low
penetrating power and a short range, but it is highly ionising. Alpha particles are easily stopped
by a sheet of paper.

Area dosemeter

Dosemeter used to assess the dose at particular locations within, for example controlled or
supervised areas.

Beta particle (B)

Beta particles are electrons which are emitted from the nucleus of a radioactive element during
radioactive decay. They are stopped by thin sheets of metal or plastic.

Control dosemeter

Passive dosemeter which monitors background radiation during the wear period, and for the
duration of the transit to and from the client.

Dosimetry

The process of measuring radiation dose.

Effective dose

Is the quantity defined by ICRP to assess dose to people. It is obtained by multiplying the
equivalent dose to various specified tissues and organs by a defined weighting factor and
summing them. The unit for effective dose is the sievert (Sv).

Equivalent dose

Is the quantity obtained by multiplying the absorbed dose by a factor to allow for the relative
effectiveness of the various types of ionising radiation. The unit for equivalent dose is the sievert (Sv).
Fast neutron

Neutrons produced, for example, in nuclear reactors and accelerators and having energies in
excess of about 0.1 MeV.



Gamma radiation (y)

Electromagnetic radiation is emitted during the process of radioactive decay of radioactive
elements. It has high penetrating power but it is not very ionising. Gamma radiations are
stopped or shielded by dense materials, such as concrete or lead.

Gray (Gy)

It is the unit for the absorbed radiation dose. One gray is equivalent to an energy absorption of
1 J/kg.

Health and Safety Executive (HSE)

The HSE is the body responsible for the regulation and enforcement of workplace health and
safety.

The HSE’s roles are to:

e assist and encourage persons concerned with matters relevant to the HSWA (Health and
Safety at Work etc Act 1974);

e encourage research and publication;

e keep informed government departments, employers, employees, their respective representative
organisations, and other persons on regulations and duties;

e propose regulations.

lonising radiations

Any radiation capable of displacing electrons from atoms or molecules when it crosses or hits

a substance.

Irradiation

Exposure of a living organism or a material substance to radiation.

Neutron

A basic constituent of the atomic nucleus with no charge.

Passive dosimetry

Dosimetry of ionising radiation using devices that are read out following exposure.

Radiation protection

A set of measures to protect humans and the environment against ionising radiations during
their exploitation.

Radiation Protection Adviser (RPA)

Competent and experienced persons who are authorised to advise radiation employers on the
safe and compliant use of ionising radiations .
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Radiation Protection Supervisors (RPS)

An “on site” person responsible of radiation protection. Their principle task is to ensure that
good practices are observed in order to keep radiation exposure as low as reasonably possible.
Sievert (Sv)

The international unit for effective dose and dose equivalent (see above definitions).

Thermal neutron

Neutrons which are in thermal equilibrium with their surroundings. Typically they have an energy
distribution with an average of about 0.025 eV.

X-ray

Electromagnetic radiation produced by for example nuclear medicine and radiotherapy.









